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Abstract
This paper presents a study of two-pin arches of constant cross-section that are moment-less under statistically prevalent (permanent) load. The arches are defined by analytical form-finding previously reported in [1]. The work provides guidance regarding the solution process, and expressions for reactions and axial forces.  New analytical results include the derivation of the arch length, and a method for finding co-ordinates of individual arch segments in pre-fabricated construction. The accuracy of the shape prediction for inextensible moment-less arches is good, compared to the results from elastic models.  Case studies report on medium and large-span arches, with the latter resembling the iconic Hoover Dam arch. Comparative studies of the moment-less and conventional arch forms (mostly of parabolic configuration), are carried out using permanent and variable loads. Additionally, the Hoover Dam arch is analysed for a discrete load transfer from the deck. Circular arches are analysed for the permanent load only, and are shown to be extremely inefficient in load resistance. Moment-less arches are found to provide a minimal stress response to loading and require least amount of material – a feature observed in natural objects. These characteristics are important from a durability perspective – a key concern for our future infrastructure. 
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1. Introduction
Climate change is producing unexpected environmental loads and has brought calls for more durable and sustainable design solutions. In view of this, it is necessary to re-examine the current design philosophy, which relies on stressing structures to a safe maximum limit, in order to secure efficient material usage. In doing so, the overall structural configuration, known to be responsible for stress variations, is not usually considered; this has an effect on the durability of a given structure. Discussed here are 2-pin arches of constant cross-section, subjected to permanent and variable loads. The main focus of the study are moment-less arch forms defined by analytical form-finding presented in [1]. These structures are unique, because they are shaped by a methodology that limits their stress response to loading, by allowing only compressive forces to develop under statistically prevalent load. It is assumed here that this is the permanent load, and as such, it has been chosen to model the moment-less arch profiles, allowing them to work in their optimal state of reduced stress most of the time. The complete design has to involve checks for variable load that includes permanent and variable loads, and this aspect has been considered in the paper. 
Although some awareness of material and structural inefficiencies of conventional arch forms exists, especially in relation to circular arches, parabolic forms continue to be the norm in conceptual design of these structures.  The aim of this work is to demonstrate the advantages of moment-less arches over conventional forms, particularly those of parabolic configuration. This work is intended to bring the theoretical concept of moment-less arches closer to practical application. 
2. Past work
Timoshenko and Young [2] have long advocated the concept of moment-less arches in designing optimal structural forms, but the idea has not been embraced universally, and this is particularly noticeable in the education sector, which produces textbooks presenting detailed analyses of conventional forms of arches [3].  There exists a substantial amount of literature on the topic of optimal arches modelled by a variety of computational/optimisation algorithms [4]. In many cases, it is assumed that the arch is weightless and the stress in them is generated just by the deck weight. Some researchers embraced the concept of an inverted hanging chain analogy, dating back to Robert Hooke [5], when shaping an optimal arch configuration. Reference [6] gives a ‘shape’ equation describing a chain of constant cross-section hanging under its own weight, and points out that this equation also describes an upside-down geometry of a funicular arch. This ‘inverted hanging chain analogy’ can be easily demonstrated using a form-finding experiment, during which a change from tensile stress in the chain, to compressive one in the arch, takes place. However, such a transition may not involve a direct reversal of stresses without further deformations, because of material elasticity – a point discussed in this paper.  Significant contributions in the application of experimental form-finding to arch structures have been made by Gaudi [7-8] who initiated long-term projects, such as the famous Sagrada Familia (now over 100 years old).  Otto [9] engaged in a broad research programme into form-finding, aimed at modelling a variety of lightweight structures, which included domes and arches. When it was discovered that Gaudi used inverted chain analogy in shaping his church spires, it was in Otto’s laboratory that a model of Güel Colony church was built. The original project was not completed due to the Spanish Civil war, but a photograph that was recovered indicated that the elegant looking spires of the church were shaped by the weight of hanging chains and point loads exerted by small bags of sand attached to them. The form was that of a series of funicular arches. We can presume that Gaudi used the same design method when conceiving Sagrada Familia. Clearly, the load was well chosen, as the structure has withstood the test of time. 

There are exists a substantial amount of literature dedicated to form-finding and optimisation of masonry arches. Its main focus is on achieving an acceptable shape of a thrust line that ensures pure compressive, rather than bending-free, actions [10, 11]. Typically, only the arch weight is considered, often in combination with the horizontal load, and the optimisation process leads to arches of varied cross-section. The requirement of pure compression is less severe than the bending-free action, advocated in this paper to ensure a more uniform compressive stress distribution across the arch cross-section. Another feature distinguishing the work from that proposed here is the use of transient, rather than statistically prevalent, load in shaping the arch. Finally, arches of varied cross-section are outside the scope of this paper. 

 In the field of computational form-finding, spatial funicular arches deserve attention, with recent developments including the application of the Force Density method, previously used in shaping tensioned cable networks [12, 13]. While literature reporting on computational methods for optimising shapes of arch structures is substantial, work on analytical solutions for funicular arches of constant cross-section, and subjected to statistically prevalent load, such as the deck and arch weight, is almost non-existent. Other than reference [1], Wang and Wang [14] made a significant contribution to finding a solution for the centre-line profile of a funicular arch (cable), by making a different choice of parameter and following a different procedure to that in [1].  The work is elegant in its exposition and correctly identifies three possible solutions for the arch configuration, depending on the deck weight/arch weight ratio. However, the study stops short of producing the expression for the horizontal reaction, and the end limit for the chosen parameter, namely, the varying slope of the centre-line profile of the arch. Additionally, the suggested graphical solution for finding the horizontal reaction would need to be interpreted algebraically, to yield the accuracy required in defining the arch centre-line profile.    
3. Present work
[bookmark: _GoBack]In this paper, the results of the analytical form-finding theory defining moment-less arch forms in [1] are systematically analysed and developed to improve their suitability for practical application. A summary of the main features of the theory is given, together with a guidance regarding the solution process. The results based on the moment-less arch model that assumes the structure to be inextensible are compared with those of a linear elastic one from finite element analyses using GSA [15] and ABAQUS [16] software. 
The work is supported by two case studies. The first concerns a medium-span arch, with the deck weight/arch weight ratio, r = 2. The second is a large-span structure, resembling the iconic Hoover Dam bridge, with r = 0.714.  New theoretical contributions include the derivation of arch length and the end co-ordinates of funicular arch segments. These are directed to facilitating a pre-fabricated design/construction. The overall solution provides not only the arch geometry, but also the reactions and axial forces developing in the structure under permanent load. Finite element modelling using the aforementioned software is used to (i) test the assumption of rigid behaviour of the moment-less arch, and (ii) to analyse the case of variable load comprising permanent and live (transient) load in the assessment of moment-less and parabolic arch forms. All computations required as part of the solution process, including the calculation for the length and segmental arch co-ordinates, reactions, and axial forces, have been carried out using Excel software. 


4. Moment-less arch
4.1 Centre-line profile (ref [1]) 
The aim of the work reported in [1] was to find the centre-line profile of an arch subjected to statistically prevalent load, such as the permanent load.  Figure 1 presents an idealised form of a rigid arch, carrying permanent load in the form of the arch weight, q, per arch length, and the deck weight, w, per unit span. Due to symmetry, only half of the arch is shown.  The deck weight, w, can be applied either from above by using thin spandrel columns, or below, in the case of a deck suspended by cables. It is assumed that the series of point loads exerted by the elements transmitting the deck load to the arch can be treated as a uniformly distributed load, and the elements themselves are of negligible weight.
The theory makes use of a set of equilibrium equations, which initially describe bending, shear and axial compression of the arch.  The imposition of zero shear - a necessary and sufficient condition for making the arch moment-less, renders the arch statically determinate. Consequently, vertical and horizontal reactions, as well as axial forces, can be found. 
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Figure 1. Idealised arch structure.
The equation for thrust, T, at any point P, given in [1] by:
(4.1)



where y is a derivative of y with respect to x, c(x) is the length of the arch profile from the apex to an arbitrary point P, and ds is the differential arc length. 

The parametric solution for the horizontal and vertical co-ordinates of the structure’s centre-line profile is outlined below. 

The solution for the y co-ordinates is given as:	(4.2)



where r =w/q,   and the parameter  . 

The parameter z takes values between 1 and ; at x = 0, z=1, and at x = l/2, , where it is shown later that   can be determined from the end condition. 

The solution for the x co-ordinates is given as: 
(4.3)



where  depends on r, which creates three possible cases:

(a)  , or   w > q
(b)  , or   w = q  
(c)  , or   w < q.

In case (a)
(4.3a)




in case (b)(4.3b)


in case (c)
(4.3c)



Using equation (4.2) and the boundary condition y (l/2) = 0, z =   gives:


(4.4)

and substituting x = l/2 into equation (2.3) gives:

(4.5)



Dividing equation (4.5) by (4.4) gives the required equation for , with  eliminated:
(4.6)


where  =l/h is the span/rise ratio.
Once   is determined,  can be found from equation (4.4), or (4.5) and used to find the centre-line profile (eqns (4.2) and (4.3).
4.2 Arch length
A useful new addition to the solution given by eqns (4.2) to (4.6) is the derivation of the total length of the arch, C, measured along the centre-line profile. A detailed derivation is given in Appendix A, giving: (4.7)


It is found that the above formula is valid for all cases (a)-(c) described in Section 4.1, as shown in Appendix A.
4.3 End co-ordinates of arch segments
In pre-fabricated construction, it is helpful to know the co-ordinates defining the ends of individual segments from which the arch is to be built, with each segment comprising a number of discrete finite elements). With the arch length known, the lengths of individual segments can be easily calculated, but it is not straightforward to find the end co-ordinates of each segment, other than at the starting and end points of the arch. The methodology proposed below focuses on the segments of the moment-less arch, but can be adapted to conventional arches of, say, parabolic configuration. 
If all segments are to be of equal length, then, from eqn. (4.7) the length of an individual segment, CN, is:(4.8)


where N is the total number of equal length segments along the length of the arch. Then, the running lengths marking the ends of successive segments relative to the starting point are simply multiples of CN.  
In the case of varied length segments, the running lengths,  marking the segmental end points, n, accumulate in a manner shown in (Fig. 2). Equation (4.7) gives the following relationship between Cn and xn:
. 
(4.9)
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Figure 2.   Lengths Cn marking segmental end points.

Equation (4.9) can be re-written to provide the following recurrence equation for two unknowns: xn and zn: (4.10)


In which   is known/determined from eqn (4.4) or (4.5), Cn - found from the total arch length and chosen number of segments, r - a known input parameter, and i - an iterative step.
To start iterations, an initial estimate for   can be taken from the co-ordinates describing the centre-line profile of the arch, as demonstrated in Case study 1 in Section 5.1)   Once  is found from equation (4.10), the co-ordinate  can be found from eqn. (4.3) and used again in eqn (4.10). The iterative process continues until the difference in xn between two successive iterations is small. The final value for z determines the x and y co-ordinates of the segmental end (eqns (4.3) and (4.2)). The iterative process is illustrated in Fig. 3.
4.4 Reactions and axial forces
As noted in Section 4.1, the horizontal reaction, H, can be found from , giving:(4.11)


with  found from eqn (4.4) or (4.5), after  has been determined from eqn (4.6).
The vertical reaction, Vf, can be found by halving the total deck load and the arch weight:(4.12)


where C is found from eqn (4.7).
With  ,  and y being negative,  the axial forces given by eqn ( 4.1) can written as: (4.13)


where Cn is given by eqn (4.9).
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Figure 3.  Iterative process of finding segmental end co-ordinates.

4.5 Overall solution procedure
The overall solution procedure of finding the centre-line profile of the moment-less arch, its reactions, axial forces, the arch length, and co-ordinates of arch segments, is illustrated by the flowchart in Fig. 4.
The process starts with finding   by solving eqn (4.7) numerically, for a given span/rise ratio,  , and ratio of loading, r.  In any iterative solution, a plausible initial value for   is that for the parabolic case, viz., . The solution can be obtained using a number of simple numerical algorithms.  The accuracy of the   can be checked by calculating the x and y co-ordinates; if x does not close at the correct value at the end of the span, further iterations are needed to find a more accurate solution.
The key parameters of the overall solution are  and ; they determine not only the arch centre-line profile, but also the horizontal reaction, H. To facilitate the design process, it is possible to generate a database of    and   to cover a majority of practical situations.
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Figure 4. Overall solution procedure.





5. Case study 1: Medium-span arch, r = 2 

5.1 Arch geometry

A moment-less arch of span l = 50 m is subjected to permanent load comprising the deck weight, w = 50 kN/m, and arch self weight, q = 25 kN/m, giving the load ratio, r = w/q = 2. The cross-section of the arch is 1.47 m x 0.68 m, giving a cross-section area of ~1 m2.
The centre-line profile of the moment-less arch shown in Fig. 5 was calculated according to the process shown in Fig. 4, using Excel.  It is found that, for  = 2, the values of the key parameters are   and  0.02459838, and for  = 4, 1.431088 and  0.01300461. (The precision of the results quoted ensured that the centre-line profile closed very accurately, giving: y = 0 at x = l/2).
With, r, , and h = l/ known, detailed co-ordinates of the arch profile are found  from eqns  (4.2) and (4.3), as values corresponding to the parameter, z , selected between its limits of 1 and   
The case of   = 2 is selected to demonstrate the calculation of arch segment geometries, as outlined in Fig. 3. From eqn (4.7), the total length of the arch is:


For visualisation purposes, it is sufficient to have the centre-line profile of the arch represented by 44 elements (Fig. 5). 


(1)


Figure 5. Case study 1. Centre-line profile of a moment-less arch constructed with 11 equal-size segments.
Assuming the arch is to be constructed from 11 equal-size segments, the length of each segment is 6.750 m. In Fig. 5, the ends of segments (1-5) are referenced sequentially, starting from the origin, but they could also start being referenced from the supporting end of the arch.
As stated in Section 4.3, in order to start the iterative procedure given by eqn (4.9), the initial value for x1  can be taken from the co-ordinates used to create the graph; in this case, 
= 3.1783m. 
The iterative process reported here was carried out using Excel. The results, accurate to within 0.4 mm difference between successive values of xi+1n  and  xin , are given in Table 1. Values of the y co-ordinates (not stated in Table 1) can be found from eqn (4.2) using the corresponding values for z.

Table 1. Case study 1. Medium-span arch. Results of the iterative computation for segmental end co-ordinates.

	Element end
n

	
Cn [m]
	
z
	
xn [m]

	1
	3.375

	1.030135

	3.340


	2
	10.125

	1.227209

	9.397


	3
	16.875

	1.502967

	14.369


	4
	23.625

	1.794523

	18.475


	5
	30.375

	2.083324

	21.962





5.2 Moment-less and conventional arch forms under permanent load
The study presented here concerns the geometry/centre-line profiles of the moment-less, parabolic, and circular arches of the same cross-section, span, and rise.  All arches carry the same deck weight. The results, shown in Figs. 6 (a) and 6 (b) indicate that the profile of the circular arch is distinctly different from the moment-less and parabolic arch configurations. Although circular arches have been predominantly used in in-filled construction, their inclusion in the current analysis is intended to emphasise the effect of structural form on its stress response to loading.

Detailed comparisons of the calculated arch profiles show that, for  = 2, the maximum difference in the y co-ordinates between the moment-less and circular arch configurations approaches 6 m, for x ranging between 20 and 21 m. For  = 4, the arch profiles start to converge, with the moment-less and parabolic configurations showing a maximum difference of only 75mm, for x between 17 and 19 m.  Despite this, the volume of material in the parabolic arch required to carry the same deck weight, while matching the maximum stress in the moment-less arch, was found to be significantly higher, as discussed in the next section. 


(b)
(a)


Figure 6. Case study 1. Centre-line profiles of medium-span arches (a)  = 2, (b)  = 4.

5.3 Comparisons of material volume

Each of the three arches develops a different level of stress when carrying the same deck weight (uniformly distributed per 1m span). For meaningful comparisons, the same value of the combined (axial + bending) stress is used here - a value corresponding to the maximum compressive stress developing in the moment-less arch. In the case of  = 2, this target stress value is 2.4MPa, and in the case of  = 4, it is 2.75 MPa. In order to meet these stresses, the cross section areas of parabolic and circular arches were systematically scaled up, by increasing their section depths by factors 1, 1.5, 2, and 3.  As the stresses do not scale directly with the increases in the cross-section area, it was necessary to carry out stress analysis for each scaling factor. This was achieved using ABAQUS software, with the results checked independently by GSA for the case where the depth factor was 1. Both programs use two node beam elements and linear elastic analysis within the small displacement theory. The results showed excellent agreement, with the maximum combined stresses differing by ~0.5%. 
The process of finding the correct scaling factor for the depth of the parabolic arch is illustrated in Fig. 7. It can be seen that the factors required to achieve the target stresses matching those of the moment-less arch are ~ 2.2 for  = 2, and ~1.4 for  = 4. 
A similar analysis carried out for the circular arch showed that the chosen target stress was not achievable. Therefore, its value was increased to match the maximum combined stresses in the parabolic arch, giving: 4.56 MPa for  = 2, and 3.38 MPa for   = 4.
 = 2

Figure 7. Parabolic arch: scaling factors on depth of section vs combined stress.

The estimated volumes of the material required by the three types of arches were calculated as a product of their arch lengths and cross-section area; the results are summarised in Fig. 8. They show that the circular arch uses a disproportional amount of material when carrying the same deck load, compared to the other two arch forms.  
As noted in Section 5.2, the maximum difference between the moment-less and parabolic arch profiles, for  = 4 , was just 75 mm, yet, this still translated to an increase in volume of  the parabolic arch by ~50% compared to the moment-less form.  


Figure 8. Case study 1. Volumes of material in arches carrying the same deck load, with comparable levels of maximum combined stress. 

Figure 9 provides a visual summary of the geometries of the three types of arches using CAD models.[image: SOLIDWORKS Education Edition - Instructional Use Only - [13082-1st Bridge Assembly *]]
[image: SOLIDWORKS Education Edition - Instructional Use Only - [Bridge 3 Parabolic arch 1700 thick Assembly 05.12.17.SLDPRT *]]
[image: SOLIDWORKS Education Edition - Instructional Use Only - [Bridge 7 3.06 thk Circular arch 2-1 Assy]]
[image: SOLIDWORKS Education Edition - Instructional Use Only - [4th Bridge Assembly  Analytical arch 680 wide 06.12.17 *]]
[image: SOLIDWORKS Education Edition - Instructional Use Only - [Bridge No6 Parabolic arch 1020mm thk 4-1 *]]
[image: SOLIDWORKS Education Edition - Instructional Use Only - [Bridge 9 circular arch 1.77thk 4-1 Assy *]]
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Figure 9. Case study 1. Medium-span arches carrying the same deck weight, (a)   =2, and (b)  =4. Increases in the cross-section area of the arches were made to ensure the arches reach comparable stresses. CAD modelling: M. Millson, University of Warwick.


5.4 Stress and displacement analyses

5.4.1 Permanent load: inextensible vs elastic model 

Results presented in Section 5.3 show that the circular arch does not compete with the moment-less or parabolic form. Therefore, in the remainder of this case study, the focus is placed on the comparison between the parabolic and moment-less forms.

The model of the moment-less arch defined by analytical form-finding presented in [1] is based on the assumption of inextensible behaviour. The permanent load case considered here provides an opportunity for comparing the results from this model with an elastic model offered by the finite element analysis using GSA software (with the results verified by ABAQUS). In the elastic model, the Young’s modulus is assumed to be 28 GPa and shear modulus 1.17 GPa. The arch is discretised using 176 elements, giving the discretised arch length of 74.248 m, as opposed to the exact length of the continuous arch of 74.249 m (eqn (4.7)).

(i) High-rise arches ( = 2) 

Results of the stress and displacement analyses for the high-rise arches are shown in Fig. 10, with more detail provided in Table 2. The negative sign indicates compression in relation to stress, and downward movement, in relation to displacement. Results are given at certain characteristic points in the arch, where the combined and axial stresses, and displacements, reach extreme values. The locations of them are different for each arch.  
(a)

~350 % var.


(b)



Figure 10. Case study 1. (a) Combined stresses in medium span, moment-less and parabolic arches, (b) Variations in axial and bending stresses in the parabolic arch. 
(Permanent load,   =2).

It can be seen that, due to the elastic effect, the moment-less arch develops a small amount of bending, producing a maximum bending stress of just 2.2% of the axial stress (Table 2). Consequently, the combined axial and bending stresses, and pure axial stresses are practically the same, and the arch works in pure compression. In the case of the parabolic arch, axial stresses are almost identical to those present in the moment-less arch, but bending action dominates the structure’s behaviour; the arch develops a tension region and the maximum variation in the combined stress along the arch of almost 350% (Fig. 10). The maximum variation of the combined stress in the arch cross-section is almost two orders of magnitude higher than in the moment-less arch (Table 2).  

Table 2. Case study 1. Results for medium-span, moment-less and parabolic arches 
(Permanent load,  = 2)

	


	
Moment-less

	
Parabolic

	
Axial stress
[MPa]
	
-2.40 MPa (x = 25 m)
-1.92 MPa (x =19.644 m)
-1.86 MPa (x =18.936 m)
-1.01 MPa  (x = 0 m)
	
-2.41 MPa  (x =  25 m)
-1.93 MPa (x =19.644 m)
-1.88 MPa (x =18.936 m)
-1.03 MPa  (x = 0 m)


	
Combined
stress
(top face)

	
-1.93 MPa (x =19.644 m)
-1.87 MPa (x =18.936 m)
-1.04 MPa (x = 0 m)
	
-4.58 MPa (x =19.644 m) 
-4.55 MPa (x =18.936 m)
+1.85 MPa (x = 0 m)


	
Bending
stress

	
-0.01MPa (x =19.644 m)
-0.01MPa (x =18.936 m)
0.02 MPa (x = 0 m)
	
2.65 MPa (x =19.644 m)
2.68 MPa (x =18.936 m)
2.88 MPa (x = 0 m)


	
Maximum variation of combined stress in the cross-section

	
-0.99  -1.04  MPa (x = 0 m)
(difference: 0.05 MPa)

	
-0.01  - 4.23  MPa (x =  21.867m)
  (difference: 4.22 MPa) 


	
Vertical displacement

	
-1.4 mm (x =17.949 m)
-2.6 mm (x = 0 m)

	
-11.9 mm (x =17.949 m)
+11.7 mm (x = 0 m)

	
Resultant displacement

	
-1.4 mm (x =18.217 m)
-2.6 mm (x = 0 m)

	
-22.8 mm (x =18.217 m)
+11.7 mm (x = 0 m)

	
Vertical reaction

	
2178 kN 

	
2174 kN



	
Horizontal reaction

	
1016kN

	
1032 kN

	
Arch length (exact)

	
74.249 m
	
73.947 m

	
Arch length (176 elements)

	
74.248 m
	
73.946 m



Note: Maximum values shown in bold

It is found that the axial forces, horizontal and vertical reactions obtained from the inextensible model are in excellent agreement with those predicted by the elastic, finite element model. The results indicate that the elastic effect, measured by the level of bending is negligible. The length of the parabolic arch of 73.947 m is 0.302 m shorter than the length of the moment-less structure and, therefore, the vertical reaction is proportionally lower (Table 2).  The horizontal reaction is higher, because of the higher level of bending. 

Figure 11 shows the profile of vertical displacements for the two arches; it can be seen that it mirrors the pattern of the combined stresses developing in them, with the parabolic arch experiencing both downward and upward displacements of a magnitude several times higher than that observed in the moment-less form (Table 2). 



Figure 11. Case study 1. Variations in vertical displacements in medium-span, moment-less and parabolic arches. (Permanent load,  =2).

Overall, the results indicate that the high-rise moment-less arch develops a much lower level of stress and deflection than the parabolic form, and its elastic straining under permanent load is insignificant. 

(ii) Low-rise arches ( = 4)

The arch is discretised using 88 elements, giving the discretised arch length of 57.439 m, with the exact length of a continuous rigid arch of 57.440 m. Results for this case are summarised in Table 3. Again, it is found that the axial forces, together with horizontal and vertical reactions obtained from analytical form-finding/inextensible model are in excellent agreement with those from the elastic, finite element model. They indicate, again, that the elastic effect is insignificant. 

The length of the parabolic arch of 57.390 m is 0.050 m shorter than for the moment-less arch and, therefore, its vertical reaction (Table 3) is proportionally lower. The horizontal reaction is higher, because of the higher level of bending. 

It is found that the pattern of stress remains unaltered from the previous case ( = 2), except that the parabolic arch no longer develops a tension region. In the moment-less arch, the maximum bending stress is now slightly raised, reaching 3.6% of the axial stress (Table 3). This value is still an order of magnitude smaller than in the parabolic arch, in which the maximum bending stress constitutes 38% of the axial stress, the maximum variation of the combined stress along the arch length is 278%, and the maximum variation of the combined stress in the cross-section, an order of magnitude higher than in the moment-less form. These results are surprising, bearing in mind that the maximum difference in the centre-line profiles of the two arches, indistinguishable by eye, is just 75 mm (Section 5.2). 

The parabolic arch no longer exhibits upward deflections, and its level of displacements is comparable to that of the moment-less arch, although it still follows a distinctly different pattern, as was the case with the high-rise structure shown in Fig. 11. 


Table 3. Case study 1. Results for medium-span, moment-less and parabolic arches 
(Permanent load,  = 4).

	

	
Moment-less
	
Parabolic

	

Axial
stress
	
-2.75 MPa (x = 25 m)
-2.48 MPa (x =20.256 m)
-2.42 MPa (x =18.947 m)
-1.92 MPa  (x = 0 m)
	
-2.76 MPa  (x =  25 m)
-2.49 MPa (x =20.256 m)
-2.42 MPa (x =18.947 m)
-1.93 MPa  (x = 0 m)


	
Combined
stress
(top face)

	
-2.51 MPa (x =20.256 m)
-2.45 MPa (x =18.947 m)
-1.99 MPa (x = 0 m)
	
-3.37 MPa (x =20.256 m)
-3.35 MPa (x =18.947 m)
-1.21 MPa (x = 0 m)


	
Bending
stress

	
0.02 MPa (x =20.256 m)
0.03 MPa (x =18.947 m) 
0.07 MPa (x = 0 m)
	
0.88 MPa (x =20.256 m)
0.93 MPa (x =18.947 m)
0.72 MPa (x = 0 m)


	
Maximum variation of combined stress in the cross-section

	
-1.85  -1.99 MPa (x = 0 m)
  (difference: 0.14 MPa)

	
-1.50  - 3.35  MPa (x =  18.947m)
  (difference: 1.85 MPa) 


	
Vertical displacement

	
-2.3 mm (x =15.881 m)
-4.1 mm (x = 0 m)

	
-4.7 mm (x =15.881 m)
-0.5 mm (x = 0 m)

	
Resultant displacement


	
-2.3 mm (x =16.505 m)
-4.1 mm (x = 0 m)
	
-5.4 mm (x =16.505 m)
-0.5 mm (x = 0 m)

	
Vertical reaction

	
1968 kN

	
1967 kN

	
Horizontal reaction

	
1922 kN

	
1929 kN


	
Arch length (exact)

	
57.440 m
	
57.390 m

	
Arch length 
(discretised, 88 elements)

	
57.439 m
	
57.389 m


	    
     Note: maximum values shown in bold



The small amount of bending and displacement, combined with unchanged axial stresses in the moment-less arch indicate that the inextensible model of the structure, defined through analytical form-finding, approximates the elastic model very closely. This conclusion applies to both high and medium-rise arches, with  = 2, and 4, respectively. 

5.4.2 Variable load

Having established advantages of the moment-less arch over the conventional parabolic form in terms of its  response to permanent load, it is interesting to examine the behaviour of the two arches under variable load comprising permanent + live (transient) loads. In this case, the input data is the same as that given in Section 3.1, but the arches are additionally subjected to a patch load of 25 kN/m, constituting 50% of the deck weight and acting on the left half- span.

(i) High-rise arches ( = 2)

Figure 12 presents results for the combined stresses developing in the high-rise arches. It can be seen that they follow a similar pattern in the tension region. Detailed numerical results in this case show a maximum value of +7.11 MPa at x = +12.564 m for the moment-less arch, and +7.06 MPa at x = +8.124 m for the parabolic one. The tension region in the moment-less arch extends for a slightly longer distance, compared to the parabolic arch. While the maximum tensile stress is approximately the same for both arches, the maximum combined compressive stress is ~20% higher in the parabolic arch: -12.17 MPa at x = -15.832, as opposed to -10.13 MPa at x = -12.564 m in the moment-less one. The maximum combined stress variation in the cross-section of the parabolic arch is also found to be ~ 20% higher. 

The displacement profile of each arch is found to be very similar, mirroring the pattern adopted by the combined stress shown in Fig. 12. Detailed results indicate that, in the case of the moment-less arch, the maximum vertical downward displacement is -86.03 mm at
 x = -12.855 m, and the upward one: +82.75 mm at x = +13.423 m. The resultant displacements are approximately twice these values. The maximum downward displacement for the parabolic arch is larger: -93.57 mm at x =-14.349 m, but the upward displacement somewhat lower: +78.92 mm at x = +11.657 m. The resultant displacements, are again, approximately twice these values.





Figure 12. Case study 1. Combined stresses in medium-span, moment-less and parabolic arches. (Variable load,   =2)

Apart from a comparable performance of the two arches with regard to the maximum tensile stresses, it is also found that the moment-less arch develops a lower value of maximum combined compressive stress, lower maximum variation of the combined stress in the cross-section, and lower downward displacement. 

(ii) Low-rise arches ( = 4)

It is found that the results for this case show that the behaviour of the moment-less and parabolic arches is comparable, in terms of the combined stresses developing in the tension region (top face), with the maximum values of + 6.13 MPa at x = +12.377 m for the moment-less arch, and +5.81 MPa at x = +11.06 m for the parabolic one. The maximum combined compressive stresses (top face) are also similar: -11.69 MPa at x = -14.090 m for the parabolic arch, and -11.11 MPa at x = -12.377 m for the moment-less one. The maximum combined stress ranges in the cross-section of the arches are similar: -11.11 MPa  +6.13 MPa at x = 12.377 m, for the moment-less arch, compared to  -11.69 MPa  +6.53 MPa at  x = -14.090 m in the parabolic form. 

6. Case study 2: Large-span moment-less arch, r = 0.714

A large-span moment-less arch analysed here resembles the iconic Hoover Dam Bridge, shown in Fig. 13. The aim of the design of this structure was to bring its bending moments under permanent load to zero, i.e., achieve a funicular form. 

The moment-less arch form simulating that of the Hoover Dam Bridge has a span l = 323 m and rise h = 87.297 m, giving the span/rise ratio,  = 3.7. The structure is composed of two reinforced concrete arches of rectangular hollow section, with outer dimensions: 6.096 m by 4.267 m, and inner dimensions: 5.385 m by 3.353 m. Each arch is subjected to a permanent load comprising the deck weight, w = 145.935 kN/m, and arch weight, q = 204.3 kN/m, giving the deck weight/arch weight ratio, r = 0.714. This ratio indicates that the deck weight is light compared to the arch weight, but the main concerns in the design of the Hoover Dam Bridge was creep due to high temperatures experienced on site. The arch is made of high-strength concrete having a characteristic strength of 70 MPa. Thus, the Young’s modulus used in the finite element analyses was 35 GPa, as opposed to 28 GPa in Case study 1.  

[image: C:\Users\WJL\Documents\1st Engineering paper on arches\mike-o-callaghanâ€“pat-tillman-memorial-bridge-crosses-colorado-river-just-downstream-hoover-dam-mike-157707996.jpg]

Figure 13. Hoover Dam Bridge, 2011.
https://unsplash.com/s/photos/hoover-dam
(Public domain image)

The centre-line profile of the moment-less arch shown in Fig. 14 is calculated according to the process shown in Fig. 4.  It produced the following values for the key parameters: 1.510748659 and  0.003717509, from which the required x and y co-ordinates were obtained. The structure was represented by 108 beam elements, giving the discretised arch length of 378.607 m, as opposed to the exact length of 378.611 m.
 
6.1   Comparison of arch profiles 



Figure 14. Case study 2. Centre-line profiles of large-span, moment-less and parabolic arch forms.

The detailed results indicated that the maximum difference in the y co-ordinates of the moment-less and parabolic arches was just over 1m, for x between 102.799 m and 120.162 m. Such a difference is hardly noticeable by eye, but, as shown in the subsequent analyses, it makes a significant difference to the stress response of the two arches.

6.2 Stress and displacement analyses

6.2.1 Permanent load 

The moment-less and parabolic arches are subjected to the same deck and arch weight as that stated in the opening paragraphs of Section 6.  The results are summarised in Table 4.


Table 4. Case study 2. Results for large-span, moment-less and parabolic arches 
(Permanent load,  = 0.714).

	

	
Moment-less
	
Parabolic

	
Axial
stress
	
-10.43 MPa (x = 161.499 m)
-9.15 MPa (x =128.210 m)
-8.88 MPa (x= 120.162 m)
-6.90 MPa  (x = 0 m)
	
-10.46 MPa  (x =  161.499m)
-9.20 MPa (x =128.210 m)
-8.93 MPa (x= 120.162 m)
-6.96 MPa  (x = 0 m)


	
Combined
stress
(top face)

	
-9.26 MPa (x =128.10 m)
-7.20 MPa (x = 0 m)
	
-12.98 MPa (x =128.210 m)
-3.90 MPa (x = 0 m)


	
Bending
stress

	
0.14 MPa (x =120.162 m) 
0.30 MPa (x = 0 m)
	
3.88 MPa (x =120.162 m)
3.06 MPa (x = 0 m)


	
Maximum variation of combined stress in the cross-section

	
-6.60  -7.20 MPa (x = 0 m)
(difference: 0.6 MPa)

	
-5.05  - 12.81  MPa (x =  120.62m)     (difference: 7.76 MPa) 


	
Vertical displacement

	
-42.49 mm (x =105.304 m)
-74.45 mm (x = 0 m)

	
-97.56 mm (x =105.304 m)
-8.03 mm (x = 0 m)

	
Resultant displacement


	
-41.9 mm (x =108.719 m)
-74.5 mm (x = 0 m)
	
-118.2 mm (x =108.719 m)
-8.0 mm (x = 0 m)

	
Vertical reaction

	
62 240 kN

	
62 170 kN

	
Horizontal reaction


	
54 930 kN

	
55 390 kN


	
Arch length (exact)

	
378.611 m
	
377.895 m

	
Arch length 
(discretised, 108 elements)

	
378.607 m
	
377.889 m


	
 Note: Maximum values shown in bold
It is found that the values of the reactions and axial forces are the same for the inextensible and elastic models of the moment-less arch. It can be seen that the combined stresses in the moment-less arch vary in a gentle manner, as do the displacements (Table 4). A small amount of bending is noted, constituting 4.2% of the axial stress. By contrast, the maximum bending stress in the parabolic arch constitutes 43% of the axial stress, and the arch experiences 333% variation in the combined stress along its length. Similar to Case study 1,  = 4, the maximum combined stress variation in the cross-section of the parabolic arch is an order of magnitude higher, compared to the moment-less form, despite small differences in the centre-line profiles of the two arches.  Furthermore, the parabolic arch displaces in a non-uniform manner, with the largest resultant displacement at x = 108.719 m, and the smallest, in the centre (Table 4). This pattern of displacement follows that of the combined stress along the length of the arch. 

6.2.2 Variable load

In addition to the permanent load, here the arches are subjected to a patch load of 
72.968 kN/m (50% of the deck weight), acting on the right hand half-span. Figure 15 shows the pattern of combined stresses in the two arches. Their behaviour is found to be comparable when considering the maximum combined stress (top face) in the tension region, but the parabolic arch exhibits  ~ 20% higher level of the maximum compressive stress and 24% higher combined stress variation in the cross section.  




Figure 15. Case study 2. Combined stresses in large-span, moment-less and parabolic arches.
(Variable load,   = 0.714).



6.2.3 Permanent load. Discrete load transfer

It is interesting to examine the effect of discrete load transfer from the deck to the arch via the spandrel columns, shown in Fig. 13. There are ten columns in total, with the outer columns coming to rest at the end supports of the arch. The columns are assumed to be pin-jointed and placed at a constant spacing of 35.889 m along the arch span.  The deck is analysed by GSA as a multi-span beam resting on columns. The resulting reactions at the deck supports (points corresponding to the locations of the columns), are then transferred down to the arch.  The values of the loads (quoted from left to right) were found to be: 2087 kN, 5884 kN, 5097 kN, 5268 kN, 5232 kN, with the values mirrored for the other half of the span. The load discretisation does not correspond exactly to that shown in Fig. 13, because we are considering the deck loading confined just to the span of the arch, not beyond. The results of the analysis are given in Table 5. 

Table 5. Large-span moment-less and parabolic arches subjected to point loads applied by open spandrel columns (Permanent load,  = 0.714).

	

	
Moment-less
	
Parabolic

	
Axial
stress
	
-10.23 MPa (x = 161.499 m)
-8.84 MPa (x =125.610 m)
-6.90 MPa  (x = 0 m)
	
-10.26 MPa  (x =  161.499m)
-8.89 MPa (x =125.610 m)
-6.96 MPa  (x = 0 m)


	
Combined
stress
(top face)

	
-10.77 MPa (x =125.610 m)
-6.48 MPa (x = 0 m)
	
-14.54 MPa (x =125.610 m)
-3.17 MPa (x = 0 m)


	
Bending
stress

	
1.93 MPa (x =125.610 m) 
0.43 MPa (x = 0 m)
	
5.65 MPa (x =125.610 m)
3.17 MPa (x = 0 m)


	
Maximum variation of combined stress in the cross-section

	
-6.91  -10.77 MPa (x =125.610m)
(difference: 3.86 MPa)

	
-3.23  - 14.54  MPa (x =  125.610m)     (difference: 11.31MPa) 


	
Vertical displacement

	
-75.7 mm (x =17.943 m)
-75.1 mm (x = 0 m)

	
-97.1 mm (x =105.304 m)
+7.6 mm (x = 0 m)

	
Resultant displacement


	
-75.8 mm (x =17.943 m)
-75.1 mm (x = 0 m)
	
-117.3 mm (x =108.719 m)
+7.6 mm (x = 0 m)

	
Vertical reaction

	
62 240 kN

	
62 170 kN

	
Horizontal reaction


	
54 930 kN

	
55 390 kN



	
 Note: Maximum values shown in bold

Comparisons of the results presented in Table 5 with those for the case of the uniformly deck load being transferred to the arch by column supports (Table 4) show that the reactions in each case remain unchanged, and there is no significant change in maximum displacements of the two arches, although their locations have moved somewhat.  The maximum value of the combined stress in the moment-less arch has gone up from 9.26 MPa to 10.77 MPa, a 10.9% increase, and in the parabolic arch, from 12.98 MPa to 14.54 MPa, a 12.0% increase. The maximum variation in the combined stress across the cross-section is now 3.86MPa for the moment-less arch, and 11.31 MPa for the parabolic one. The maximum bending stress in the parabolic arch now constitutes 64% of the axial stress, compared to 22% for the moment-less arch.  

7. Discussion

The case of permanent load used in the two case studies provides the main focus of this research to show that the moment-less arch resists this load much more efficiently than the conventional, parabolic form. Consequently, it requires less material. It is assumed here that the permanent load is statistically prevalent; if it is not, then the load that fits this description should be used in shaping the moment-less arch. Since it is not possible to come up with one optimised arch profile to suit all load cases, it is logical to use statistically prevalent load to define the arch configuration. This will produce the lowest stress state for the majority of the time, which enhances a structure’s durability. It is, of course, necessary to check the structure for all ultimate load combinations. If, at this stage, the stresses exceed the design strength of material, it is necessary to change the cross-section area of the arch and re-calculate its profile, as the ratio of deck weight/arch weight would change. This, however, constitutes a usual iterative design process.

The assumption of an inextensible behaviour, on which the analytical model of the moment-less arch is built, has been tested against the elastic finite element model offered by the GSA software, the results of which were successfully verified by ABAQUS. A maximum difference of 1% was recorded in the case of very small bending stresses appearing in the moment-less arch when discussing Case study 1, permanent load, span/rise of 2. The small amount of bending in the moment-less arch, observed in  all load cases, justifies the use of term ‘funicular’ or ‘moment-less’, provided it is understood that a small amount of bending will develop in a real structure.

Case study 2, related to the Hoover Dam Bridge, includes the analysis of the effect of a discrete load transfer from the deck to the arch via the columns. The results indicate that the moment-less arch model performs well in this case, with the change having a more adverse effect on the parabolic arch.  In reality, the point loads would be uniformly distributed along the width of each column. This would reduce the increases in the observed stresses, but not alter the conclusions reached with regard to the performance of the two forms of arches.  

It is possible to generate a moment-less arch form computationally by applying upward forces to a discretised arch model using bar elements of zero bending stiffness.  Such a computational form-finding module is available in GSA software, and has been used to compare the results from analytical form finding of the moment-less arch. Provided a sufficient number of elements is used, excellent agreement was achieved between the discrete shape prediction by GSA, and that of analytical form-finding. It is important to note that, while an assumed inelastic model deforms further under permanent load (when elasticity of the structure is considered), so does the computationally found funicular shape of an elastic structure. The additional deformation of the inextensible model is intuitively obvious, but it is less so in the case of computationally found elastic model. An explanation can be provided using a simple example of a straight-line chain hanging under its own weight.  When the shape of the chain is ‘frozen’ the structure acts as a column subjected to  its own weight. The stress reversal is accompanied by a further deformation of the column, because unstrained lengths of the chain and the column are different. In conclusion, the inverted hanging chain model can produce a precise stress reversal without deformation, but only in the case of an inextensible chain.

Computational form-finding methods are useful and readily available numerical tools, but their accuracy depends on the level of discretisation. A fine mesh requires a greater computational effort to generate discretised funicular forms compared to analytically defined cases. Unlike the analytical solution presented in this paper, a computational approach cannot produce a family of moment-less arches just by changing a few input parameters.  


8. Summary and conclusions

The work presented here is a follow-on study of 2-pin moment-less arches of constant cross-section. The arches are shaped by statistically prevalent, permanent load comprising the weight of the deck and the arch, as described in [1]. The results highlight advantages of such forms over conventional structures, mostly of parabolic configuration.  Circular arches are included, but not studied in detail; they were used to emphasise the dramatic effect that arch configuration can have on a structure’s response to loading and volume of material required to resist it.

In order to bring the moment-less arch model closer to practical application, this paper offers guidance, in the form of flow charts explaining the use of analytical form-finding in shaping moment-less arches. The solution for their centre-line profiles depends on two key parameters: and . As these depend only on basic input variables, it is possible to generate a database of their values, to cover a majority of practical cases. 

There are numerous advantages of the proposed analytical approach over computational form-finding. They lie in (i) a reduced computational effort required to find the centre-line profile of the arch, (ii) providing solutions for horizontal and vertical reactions, the varying axial force, and (iii) defining the total arch length and segmental arch end co-ordinates to facilitate the design of a prefabricated construction.  The derivation of the equation describing the length of the moment-less arch is general; it covers any ratio of deck weight/arch weight that influences the arch profile. 

Comparative studies of the moment-less and parabolic arches included a test of the assumption of inextensible behaviour of the analytical moment-less arch. This test was carried out using finite element analyses of an elastic structure, and commercial software. The test was applied to medium and long-span arches of different span/rise, and deck weight/arch weight ratios.  The results confirm that the elastic effects resulting in additional bending stresses and displacements in the moment-less arch are insignificant for the case of the permanent load used to shape the arch. 

It is generally accepted that the structure must withstand ultimate loads comprising permanent and variable loads, with the appropriate factors of safety. However, it is suggested here that permanent load, assumed to be statistically prevalent, should be used in shaping the moment-less arch profile, to improve its lifespan. 

It is shown here that, in the case of permanent load, the maximum level of stress and displacement in the high-rise parabolic arch is an order of magnitude higher than in the moment-less form, with the maximum combined stress variation in the cross-section of the arch almost two orders of magnitude higher. In the case of low-rise arches, the profile of the parabolic arch closely resembles that of the moment-less form. However, the structure still exhibits a higher level of maximum stress and displacement, with the maximum combined stress variation in the cross-section of the arch an order of magnitude higher. The sensitive relationship between stress and form calls for high precision in construction to ensure that the advantages offered by the moment-less arch are kept. This challenge can be met through pre-fabricated construction and employment of modern, precise measurement, manufacturing techniques. 

Our study shows that, under variable load involving permanent and live loads, which cause significant elastic effects in both types of arches, the levels of stress and displacement in moment-less and parabolic arches are comparable. However, the maximum stress variation in the arch cross-section is still higher in the parabolic arch. Overall, a high level of variation of the combined stress variation in the cross-section of the parabolic arch is observed. The above conclusions have been reached after the analysis of twelve arch structures grouped into two case studies, and additional two examples of circular arch forms.

In all cases presented here, a common assumption is used that the uniformly distributed deck load is transferred directly to the arch. This assumption holds when the deck is suspended from the arch by closely spaced hangers, but may require attention when the deck weight is transferred to the arch via less frequently spaced columns, as in the case of the Hoover Dam Bridge.  A brief study of the effect of this type of load transfer has been included here and the results confirm that the proposed model of the moment-less arch works well in this case; the structure experiences relatively small increases in bending stresses, compared to the parabolic arch. In practice, balance needs to be struck between theoretical accuracy, improved by the presence of additional columns, aesthetics, and cost. 

It is suggested here that the idea behind the conventional design approach of minimising the amount of material in a structure, regardless of its overall configuration, is misplaced. A different configuration, such as the one offered by the moment-less arch form, brings not only material savings, but also enhanced durability through the reduction of stress levels and stress variations.  These characteristics, observed in highly optimised objects found in nature, are very important from a durability perspective – a key concern for our future infrastructure.





Appendix A. Arch length

With reference to Fig. 1, the length of the moment-less arch, C, is given by:
(A1)



Noting that   and x is known in terms of the parameter z, so that


eqn (A1) can be written as: 
(A2)


where x is given by eqn (2.2). 

Selecting the case r >1, for which the relevant equations are (2.2) and (2.2a) gives:
(A3)




Differentiating eqn (A3) w.r.t. z, gives:



(A4)


and leads to: (A5)



The evaluation of the first integral gives:
(A6)



The evaluation of the second integral can be done using a substitution: 

, , so that:




Noting that  and , the above leads to:
(A7)




Therefore, from eqns (A6), (A7), and (A5) we get:
(A8)


When 
  
the total length of the arch becomes:
(A9)



quoted as eqn (2.7) in Section 2.2.
Interestingly, the derivative dx/dz turns out to be the same for all cases of r 
(r >1, r = 1, r < 1), so the integral (A2) leads to the same solution as that given in eqn (A9).  
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y [m]




Circular	0	1.6834264134446126	3.369861891350864	4.918910359632279	6.5468043331141281	8.0354864290770234	9.6847740998686902	11.105648745438746	12.376738773221675	13.540035746951219	14.725336278137631	15.881812293967037	17.062377680596281	18.047199070821236	19.031338504753364	19.854470552664775	20.650908581369901	21.423497265700629	22.174604309754617	22.906224486819962	23.620056323546656	24.317559721662445	24.999999995947235	12.5	12.454624264850825	12.317773187552746	12.110441034986884	11.806535357005348	11.449229424740608	10.961406069631114	10.460050769263219	9.944578535664732	9.4143379466175823	8.813145166975481	8.1633895720921323	7.4308664464087215	6.7619796507081951	6.0365014618338577	5.3821880291317008	4.7042634666685501	4.0007420737548181	3.2692966215047825	2.5071724309563237	1.7110713129220976	0.87699134313204752	0	Moment-less	0	1.6834264134446126	3.369861891350864	4.918910359632279	6.5468043331141281	8.0354864290770234	9.6847740998686902	11.105648745438746	12.376738773221675	13.540035746951219	14.725336278137631	15.881812293967037	17.062377680596281	18.047199070821236	19.031338504753364	19.854470552664775	20.650908581369901	21.423497265700629	22.174604309754617	22.906224486819962	23.620056323546656	24.317559721662445	24.999999995947235	12.5	12.444712262496505	12.278373853077518	12.027535162595022	11.66241144294783	11.23703719852481	10.663152038696303	10.081685936783126	9.4927442340584953	8.89643009127591	8.232089895333722	7.528287806922723	6.7527129262158905	6.0612391973654862	5.3294974107738948	4.6859619392471643	4.035785815303246	3.379055460083924	2.715855618610405	2.0462694028492301	1.3703783334036501	0.68826237988298544	0	Parabolic	0	1.6834264134446126	3.369861891350864	4.918910359632279	6.5468043331141281	8.0354864290770234	9.6847740998686902	11.105648745438746	12.376738773221675	13.540035746951219	14.725336278137631	15.881812293967037	17.062377680596281	18.047199070821236	19.031338504753364	19.854470552664775	20.650908581369901	21.423497265700629	22.174604309754617	22.906224486819962	23.620056323546656	24.317559721662445	12.5	12.443321510210339	12.272880616664425	12.016086417478046	11.64278706047836	11.20861915696238	10.624103012690252	10.033291318858696	9.4363267467886249	8.8333486394256635	8.1632894299152756	7.4553607651839506	6.6775053576937982	5.9859721139629825	5.256163094349839	4.615999981467346	3.9707994952780599	3.3206752981303533	2.6657384741162389	2.0060975951881916	1.3418587854496717	0.67312578366760589	0	x [m]


y [m]




Arch 1:2 	1	1.5	2	3	-4.5986700000000003	-3.3262200000000002	-2.6918799999999998	-2.0676199999999998	Arch 1:4 	1	1.5	2	3	-3.4006699999999999	-2.5781999999999998	-2.16967	-1.7661899999999999	Scaling factor on depth of section

Combined Stress [MPa]


Circular	2	4	521.60356012590682	270.70142275518486	Parabolic	2	4	162.68371432990574	80.345550228742326	Moment-less	2	4	74.249073805059339	57.440267718626671	Span/rise ratio,  


Volume [m3]




Moment-less	-25	-24.824159999999999	-24.647349999999999	-24.469550000000002	-24.29074	-24.110900000000001	-23.930029999999999	-23.748090000000001	-23.565079999999998	-23.380980000000001	-23.19576	-23.009399999999999	-22.82189	-22.633209999999998	-22.44332	-22.252220000000001	-22.05986	-21.866240000000001	-21.671320000000001	-21.475079999999998	-21.277480000000001	-21.078499999999998	-20.87811	-20.676279999999998	-20.47298	-20.243480000000002	-20.061789999999998	-19.853840000000002	-19.644269999999999	-19.39057	-19.17727	-18.93628	-18.701730000000001	-18.456189999999999	-18.217110000000002	-17.948730000000001	-17.72279	-17.51305	-17.26444	-17.003799999999998	-16.749649999999999	-16.46387	-16.174389999999999	-15.831720000000001	-15.533569999999999	-15.2311	-14.92408	-14.612270000000001	-14.348560000000001	-14.027200000000001	-13.700189999999999	-13.423080000000001	-13.141540000000001	-12.855309999999999	-12.56409	-12.26755	-11.96533	-11.657019999999999	-11.34216	-11.020210000000001	-10.690569999999999	-10.352550000000001	-10.005330000000001	-9.6479660000000003	-9.2793320000000001	-8.8980700000000006	-8.502535	-8.1242909999999995	-7.7477549999999997	-7.3911009999999999	-7.0186669999999998	-6.6678300000000004	-6.3205970000000002	-5.8885899999999998	-5.5445679999999999	-5.1291570000000002	-4.652012	-4.2765129999999996	-3.8996590000000002	-3.5566339999999999	-3.178226	-2.7955930000000002	-2.4062100000000002	-2.0367959999999998	-1.584676	-1.2270220000000001	-0.86738939999999998	-0.4336023	0	0.4336023	0.86738939999999998	1.2270220000000001	1.584676	2.0367959999999998	2.4062100000000002	2.7955930000000002	3.178226	3.5566339999999999	3.8996590000000002	4.2765129999999996	4.652012	5.1291570000000002	5.5445679999999999	5.8885899999999998	6.3205970000000002	6.6678300000000004	7.0186669999999998	7.3911009999999999	7.7477549999999997	8.1242909999999995	8.502535	8.8980700000000006	9.2793320000000001	9.6479660000000003	10.005330000000001	10.352550000000001	10.690569999999999	11.020210000000001	11.34216	11.657019999999999	11.96533	12.26755	12.56409	12.855309999999999	13.141540000000001	13.423080000000001	13.700189999999999	14.027200000000001	14.348560000000001	14.612270000000001	14.92408	15.2311	15.533569999999999	15.831720000000001	16.174389999999999	16.46387	16.749649999999999	17.003799999999998	17.26444	17.51305	17.72279	17.948730000000001	18.217110000000002	18.456189999999999	18.701730000000001	18.93628	19.17727	19.39057	19.644269999999999	19.853840000000002	20.061789999999998	20.243480000000002	20.47298	20.676279999999998	20.87811	21.078499999999998	21.277480000000001	21.475079999999998	21.671320000000001	21.866240000000001	22.05986	22.252220000000001	22.44332	22.633209999999998	22.82189	23.009399999999999	23.19576	23.380980000000001	23.565079999999998	23.748090000000001	23.930029999999999	24.110900000000001	24.29074	24.469550000000002	24.647349999999999	24.824159999999999	25	-2.4039984040000002	-2.3873199000000001	-2.3706462000000004	-2.3529633999999997	-2.336271	-2.3195929999999998	-2.3019150000000002	-2.285228	-2.268551	-2.2508439999999998	-2.2341540000000002	-2.217476	-2.1997939999999998	-2.1830759999999998	-2.1663960000000002	-2.1486969999999999	-2.132015	-2.1153209999999998	-2.0976170000000001	-2.0809389999999999	-2.0631889999999999	-2.046535	-2.0297939999999999	-2.012108	-1.995387	-1.9767410000000001	-1.9609939999999999	-1.9442969999999999	-1.9275770000000001	-1.906881	-1.890252	-1.8704959999999999	-1.851877	-1.83317	-1.81446	-1.79383	-1.77712	-1.76132	-1.7426699999999999	-1.72397	-1.70526	-1.68458	-1.6649499999999999	-1.64036	-1.61964	-1.6000099999999999	-1.57931	-1.5586599999999999	-1.54192	-1.5212399999999999	-1.5005599999999999	-1.4838100000000001	-1.46608	-1.44933	-1.43258	-1.41483	-1.3980999999999999	-1.3813500000000001	-1.36358	-1.34684	-1.33009	-1.3123400000000001	-1.29559	-1.27783	-1.26109	-1.2443299999999999	-1.2265900000000001	-1.2108099999999999	-1.1960200000000001	-1.18222	-1.1684000000000001	-1.1565799999999999	-1.1447499999999999	-1.1309199999999999	-1.12107	-1.10921	-1.0973999999999999	-1.0885400000000001	-1.0796399999999999	-1.0727100000000001	-1.0658300000000001	-1.05989	-1.0549599999999999	-1.0500100000000001	-1.04511	-1.0430999999999999	-1.0411999999999999	-1.03912	-1.03922	-1.03912	-1.0411699999999999	-1.0430999999999999	-1.0450999999999999	-1.0500400000000001	-1.0539799999999999	-1.0598799999999999	-1.0658300000000001	-1.0727199999999999	-1.0796300000000001	-1.0885400000000001	-1.09643	-1.1092200000000001	-1.12107	-1.1309100000000001	-1.14472	-1.1565799999999999	-1.1684000000000001	-1.1822299999999999	-1.1960299999999999	-1.2108000000000001	-1.2265900000000001	-1.2443299999999999	-1.26109	-1.2778400000000001	-1.29559	-1.3123400000000001	-1.33009	-1.34684	-1.36358	-1.38134	-1.3980900000000001	-1.4148400000000001	-1.43259	-1.4493199999999999	-1.4660899999999999	-1.4838199999999999	-1.5005599999999999	-1.5212300000000001	-1.5419099999999999	-1.55867	-1.57931	-1.60002	-1.61965	-1.6403300000000001	-1.6649499999999999	-1.6846099999999999	-1.70526	-1.7239599999999999	-1.74268	-1.7613300000000001	-1.7770900000000001	-1.7938400000000001	-1.8144800000000001	-1.83314	-1.851888	-1.870498	-1.890258	-1.906919	-1.927557	-1.944278	-1.9609840000000001	-1.9767509999999999	-1.9954000000000001	-2.0121259999999999	-2.0297890000000001	-2.0465409999999999	-2.0641880000000001	-2.0809120000000001	-2.0976080000000001	-2.1153059999999999	-2.132012	-2.1487090000000002	-2.1664129999999999	-2.1830799999999999	-2.1997789999999999	-2.217482	-2.2341690000000001	-2.2508400000000002	-2.2685420000000001	-2.2852239999999999	-2.3019120000000002	-2.3195999999999999	-2.3362759999999998	-2.3529577000000002	-2.3706388999999999	-2.3873222999999997	-2.4039984040000002	Parabolic	-25	-24.824159999999999	-24.647349999999999	-24.469550000000002	-24.29074	-24.110900000000001	-23.930029999999999	-23.748090000000001	-23.565079999999998	-23.380980000000001	-23.19576	-23.009399999999999	-22.82189	-22.633209999999998	-22.44332	-22.252220000000001	-22.05986	-21.866240000000001	-21.671320000000001	-21.475079999999998	-21.277480000000001	-21.078499999999998	-20.87811	-20.676279999999998	-20.47298	-20.243480000000002	-20.061789999999998	-19.853840000000002	-19.644269999999999	-19.39057	-19.17727	-18.93628	-18.701730000000001	-18.456189999999999	-18.217110000000002	-17.948730000000001	-17.72279	-17.51305	-17.26444	-17.003799999999998	-16.749649999999999	-16.46387	-16.174389999999999	-15.831720000000001	-15.533569999999999	-15.2311	-14.92408	-14.612270000000001	-14.348560000000001	-14.027200000000001	-13.700189999999999	-13.423080000000001	-13.141540000000001	-12.855309999999999	-12.56409	-12.26755	-11.96533	-11.657019999999999	-11.34216	-11.020210000000001	-10.690569999999999	-10.352550000000001	-10.005330000000001	-9.6479660000000003	-9.2793320000000001	-8.8980700000000006	-8.502535	-8.1242909999999995	-7.7477549999999997	-7.3911009999999999	-7.0186669999999998	-6.6678300000000004	-6.3205970000000002	-5.8885899999999998	-5.5445679999999999	-5.1291570000000002	-4.652012	-4.2765129999999996	-3.8996590000000002	-3.5566339999999999	-3.178226	-2.7955930000000002	-2.4062100000000002	-2.0367959999999998	-1.584676	-1.2270220000000001	-0.86738939999999998	-0.4336023	0	0.4336023	0.86738939999999998	1.2270220000000001	1.584676	2.0367959999999998	2.4062100000000002	2.7955930000000002	3.178226	3.5566339999999999	3.8996590000000002	4.2765129999999996	4.652012	5.1291570000000002	5.5445679999999999	5.8885899999999998	6.3205970000000002	6.6678300000000004	7.0186669999999998	7.3911009999999999	7.7477549999999997	8.1242909999999995	8.502535	8.8980700000000006	9.2793320000000001	9.6479660000000003	10.005330000000001	10.352550000000001	10.690569999999999	11.020210000000001	11.34216	11.657019999999999	11.96533	12.26755	12.56409	12.855309999999999	13.141540000000001	13.423080000000001	13.700189999999999	14.027200000000001	14.348560000000001	14.612270000000001	14.92408	15.2311	15.533569999999999	15.831720000000001	16.174389999999999	16.46387	16.749649999999999	17.003799999999998	17.26444	17.51305	17.72279	17.948730000000001	18.217110000000002	18.456189999999999	18.701730000000001	18.93628	19.17727	19.39057	19.644269999999999	19.853840000000002	20.061789999999998	20.243480000000002	20.47298	20.676279999999998	20.87811	21.078499999999998	21.277480000000001	21.475079999999998	21.671320000000001	21.866240000000001	22.05986	22.252220000000001	22.44332	22.633209999999998	22.82189	23.009399999999999	23.19576	23.380980000000001	23.565079999999998	23.748090000000001	23.930029999999999	24.110900000000001	24.29074	24.469550000000002	24.647349999999999	24.824159999999999	25	-2.4070032129999999	-2.5585	-2.7035999999999998	-2.8433999999999999	-2.9775999999999998	-3.1065	-3.23	-3.3490000000000002	-3.4620000000000002	-3.569	-3.6709999999999998	-3.7669999999999999	-3.8580000000000001	-3.944	-4.024	-4.0979999999999999	-4.1680000000000001	-4.2309999999999999	-4.29	-4.343	-4.391	-4.4329999999999998	-4.47	-4.5010000000000003	-4.5270000000000001	-4.55	-4.5620000000000003	-4.5730000000000004	-4.577	-4.5750000000000002	-4.5679999999999996	-4.5540000000000003	-4.5339999999999998	-4.5069999999999997	-4.4749999999999996	-4.4320000000000004	-4.3899999999999997	-4.3470000000000004	-4.29	-4.226	-4.1580000000000004	-4.0750000000000002	-3.9849999999999999	-3.871	-3.7650000000000001	-3.6520000000000001	-3.5329999999999999	-3.407	-3.2949999999999999	-3.1560000000000001	-3.0110000000000001	-2.883	-2.7519999999999998	-2.6160000000000001	-2.476	-2.3311999999999999	-2.1812	-2.028	-1.8694	-1.7076	-1.5417000000000001	-1.3706100000000001	-1.19652	-1.0185	-0.83550000000000002	-0.64970000000000006	-0.4602	-0.28220000000000001	-0.108	0.05	0.21299999999999999	0.36099999999999999	0.501	0.66900000000000004	0.79600000000000004	0.94099999999999995	1.0960000000000001	1.21	1.3149999999999999	1.403	1.492	1.5720000000000001	1.6439999999999999	1.702	1.7609999999999999	1.796	1.823	1.8440000000000001	1.8520000000000001	1.8440000000000001	1.8240000000000001	1.7969999999999999	1.7609999999999999	1.7030000000000001	1.6439999999999999	1.573	1.4930000000000001	1.4039999999999999	1.3160000000000001	1.2110000000000001	1.097	0.94199999999999995	0.79700000000000004	0.67	0.502	0.36099999999999999	0.214	5.0999999999999997E-2	-0.108	-0.28120000000000001	-0.4592	-0.64870000000000005	-0.83450000000000002	-1.0175000000000001	-1.19553	-1.3706199999999999	-1.5407	-1.7065999999999999	-1.8694	-2.0270000000000001	-2.1812	-2.3302	-2.476	-2.6160000000000001	-2.7509999999999999	-2.883	-3.01	-3.1560000000000001	-3.2949999999999999	-3.4060000000000001	-3.5329999999999999	-3.6520000000000001	-3.7650000000000001	-3.871	-3.9849999999999999	-4.0750000000000002	-4.1580000000000004	-4.2249999999999996	-4.29	-4.3470000000000004	-4.3890000000000002	-4.4320000000000004	-4.4740000000000002	-4.5069999999999997	-4.5339999999999998	-4.5540000000000003	-4.5679999999999996	-4.5750000000000002	-4.577	-4.5730000000000004	-4.5620000000000003	-4.5490000000000004	-4.5270000000000001	-4.5010000000000003	-4.47	-4.4329999999999998	-4.391	-4.343	-4.29	-4.2309999999999999	-4.1680000000000001	-4.0979999999999999	-4.024	-3.944	-3.8580000000000001	-3.7669999999999999	-3.6709999999999998	-3.569	-3.4620000000000002	-3.3490000000000002	-3.2309999999999999	-3.1065	-2.9775999999999998	-2.8433000000000002	-2.7035999999999998	-2.5585	-2.4070032129999999	x [m]


Combined stress, top face [MPa]




Parabolic arch

Bending stress	-25	-24.824159999999999	-24.647349999999999	-24.469550000000002	-24.29074	-24.110900000000001	-23.930029999999999	-23.748090000000001	-23.565079999999998	-23.380980000000001	-23.19576	-23.009399999999999	-22.82189	-22.633209999999998	-22.44332	-22.252220000000001	-22.05986	-21.866240000000001	-21.671320000000001	-21.475079999999998	-21.277480000000001	-21.078499999999998	-20.87811	-20.676279999999998	-20.47298	-20.243480000000002	-20.061789999999998	-19.853840000000002	-19.644269999999999	-19.39057	-19.17727	-18.93628	-18.701730000000001	-18.456189999999999	-18.217110000000002	-17.948730000000001	-17.72279	-17.51305	-17.26444	-17.003799999999998	-16.749649999999999	-16.46387	-16.174389999999999	-15.831720000000001	-15.533569999999999	-15.2311	-14.92408	-14.612270000000001	-14.348560000000001	-14.027200000000001	-13.700189999999999	-13.423080000000001	-13.141540000000001	-12.855309999999999	-12.56409	-12.26755	-11.96533	-11.657019999999999	-11.34216	-11.020210000000001	-10.690569999999999	-10.352550000000001	-10.005330000000001	-9.6479660000000003	-9.2793320000000001	-8.8980700000000006	-8.502535	-8.1242909999999995	-7.7477549999999997	-7.3911009999999999	-7.0186669999999998	-6.6678300000000004	-6.3205970000000002	-5.8885899999999998	-5.5445679999999999	-5.1291570000000002	-4.652012	-4.2765129999999996	-3.8996590000000002	-3.5566339999999999	-3.178226	-2.7955930000000002	-2.4062100000000002	-2.0367959999999998	-1.584676	-1.2270220000000001	-0.86738939999999998	-0.4336023	0	0.4336023	0.86738939999999998	1.2270220000000001	1.584676	2.0367959999999998	2.4062100000000002	2.7955930000000002	3.178226	3.5566339999999999	3.8996590000000002	4.2765129999999996	4.652012	5.1291570000000002	5.5445679999999999	5.8885899999999998	6.3205970000000002	6.6678300000000004	7.0186669999999998	7.3911009999999999	7.7477549999999997	8.1242909999999995	8.502535	8.8980700000000006	9.2793320000000001	9.6479660000000003	10.005330000000001	10.352550000000001	10.690569999999999	11.020210000000001	11.34216	11.657019999999999	11.96533	12.26755	12.56409	12.855309999999999	13.141540000000001	13.423080000000001	13.700189999999999	14.027200000000001	14.348560000000001	14.612270000000001	14.92408	15.2311	15.533569999999999	15.831720000000001	16.174389999999999	16.46387	16.749649999999999	17.003799999999998	17.26444	17.51305	17.72279	17.948730000000001	18.217110000000002	18.456189999999999	18.701730000000001	18.93628	19.17727	19.39057	19.644269999999999	19.853840000000002	20.061789999999998	20.243480000000002	20.47298	20.676279999999998	20.87811	21.078499999999998	21.277480000000001	21.475079999999998	21.671320000000001	21.866240000000001	22.05986	22.252220000000001	22.44332	22.633209999999998	22.82189	23.009399999999999	23.19576	23.380980000000001	23.565079999999998	23.748090000000001	23.930029999999999	24.110900000000001	24.29074	24.469550000000002	24.647349999999999	24.824159999999999	25	-3.213E-6	-0.16750000000000001	-0.3296	-0.4864	-0.63759999999999994	-0.78349999999999997	-0.92400000000000004	-1.0589999999999999	-1.1890000000000001	-1.3129999999999999	-1.4319999999999999	-1.5449999999999999	-1.653	-1.756	-1.853	-1.944	-2.0310000000000001	-2.1110000000000002	-2.1869999999999998	-2.2570000000000001	-2.3220000000000001	-2.3809999999999998	-2.4350000000000001	-2.4830000000000001	-2.5259999999999998	-2.5680000000000001	-2.5960000000000001	-2.6240000000000001	-2.645	-2.6640000000000001	-2.6739999999999999	-2.6789999999999998	-2.6779999999999999	-2.67	-2.6560000000000001	-2.6339999999999999	-2.609	-2.5819999999999999	-2.544	-2.4990000000000001	-2.4500000000000002	-2.3879999999999999	-2.319	-2.2290000000000001	-2.1440000000000001	-2.052	-1.954	-1.8480000000000001	-1.754	-1.6359999999999999	-1.5109999999999999	-1.401	-1.2869999999999999	-1.169	-1.046	-0.91820000000000002	-0.78620000000000001	-0.65	-0.50939999999999996	-0.36459999999999998	-0.2157	-6.2609999999999999E-2	9.4479999999999995E-2	0.2555	0.42049999999999998	0.58930000000000005	0.76180000000000003	0.92379999999999995	1.0820000000000001	1.2270000000000001	1.3759999999999999	1.5109999999999999	1.64	1.794	1.911	2.044	2.1869999999999998	2.2919999999999998	2.3889999999999998	2.4700000000000002	2.552	2.6259999999999999	2.6920000000000002	2.746	2.8	2.8330000000000002	2.8580000000000001	2.8769999999999998	2.8839999999999999	2.8769999999999998	2.8580000000000001	2.8330000000000002	2.8	2.746	2.6920000000000002	2.6259999999999999	2.552	2.4700000000000002	2.3889999999999998	2.2919999999999998	2.1869999999999998	2.044	1.911	1.794	1.64	1.5109999999999999	1.3759999999999999	1.2270000000000001	1.0820000000000001	0.92379999999999995	0.76180000000000003	0.58930000000000005	0.42049999999999998	0.2555	9.4469999999999998E-2	-6.2619999999999995E-2	-0.2157	-0.36459999999999998	-0.50939999999999996	-0.65	-0.78620000000000001	-0.91820000000000002	-1.046	-1.169	-1.2869999999999999	-1.401	-1.5109999999999999	-1.6359999999999999	-1.754	-1.8480000000000001	-1.954	-2.052	-2.1440000000000001	-2.2290000000000001	-2.319	-2.3879999999999999	-2.4500000000000002	-2.4990000000000001	-2.544	-2.5819999999999999	-2.609	-2.6339999999999999	-2.6560000000000001	-2.67	-2.6779999999999999	-2.6789999999999998	-2.6739999999999999	-2.6640000000000001	-2.645	-2.6240000000000001	-2.5960000000000001	-2.5680000000000001	-2.5259999999999998	-2.4830000000000001	-2.4350000000000001	-2.3809999999999998	-2.3220000000000001	-2.2570000000000001	-2.1869999999999998	-2.1110000000000002	-2.0310000000000001	-1.944	-1.853	-1.756	-1.653	-1.5449999999999999	-1.4319999999999999	-1.3129999999999999	-1.1890000000000001	-1.0589999999999999	-0.92400000000000004	-0.78349999999999997	-0.63759999999999994	-0.48630000000000001	-0.3296	-0.16750000000000001	-3.213E-6	Axial stress	-25	-24.824159999999999	-24.647349999999999	-24.469550000000002	-24.29074	-24.110900000000001	-23.930029999999999	-23.748090000000001	-23.565079999999998	-23.380980000000001	-23.19576	-23.009399999999999	-22.82189	-22.633209999999998	-22.44332	-22.252220000000001	-22.05986	-21.866240000000001	-21.671320000000001	-21.475079999999998	-21.277480000000001	-21.078499999999998	-20.87811	-20.676279999999998	-20.47298	-20.243480000000002	-20.061789999999998	-19.853840000000002	-19.644269999999999	-19.39057	-19.17727	-18.93628	-18.701730000000001	-18.456189999999999	-18.217110000000002	-17.948730000000001	-17.72279	-17.51305	-17.26444	-17.003799999999998	-16.749649999999999	-16.46387	-16.174389999999999	-15.831720000000001	-15.533569999999999	-15.2311	-14.92408	-14.612270000000001	-14.348560000000001	-14.027200000000001	-13.700189999999999	-13.423080000000001	-13.141540000000001	-12.855309999999999	-12.56409	-12.26755	-11.96533	-11.657019999999999	-11.34216	-11.020210000000001	-10.690569999999999	-10.352550000000001	-10.005330000000001	-9.6479660000000003	-9.2793320000000001	-8.8980700000000006	-8.502535	-8.1242909999999995	-7.7477549999999997	-7.3911009999999999	-7.0186669999999998	-6.6678300000000004	-6.3205970000000002	-5.8885899999999998	-5.5445679999999999	-5.1291570000000002	-4.652012	-4.2765129999999996	-3.8996590000000002	-3.5566339999999999	-3.178226	-2.7955930000000002	-2.4062100000000002	-2.0367959999999998	-1.584676	-1.2270220000000001	-0.86738939999999998	-0.4336023	0	0.4336023	0.86738939999999998	1.2270220000000001	1.584676	2.0367959999999998	2.4062100000000002	2.7955930000000002	3.178226	3.5566339999999999	3.8996590000000002	4.2765129999999996	4.652012	5.1291570000000002	5.5445679999999999	5.8885899999999998	6.3205970000000002	6.6678300000000004	7.0186669999999998	7.3911009999999999	7.7477549999999997	8.1242909999999995	8.502535	8.8980700000000006	9.2793320000000001	9.6479660000000003	10.005330000000001	10.352550000000001	10.690569999999999	11.020210000000001	11.34216	11.657019999999999	11.96533	12.26755	12.56409	12.855309999999999	13.141540000000001	13.423080000000001	13.700189999999999	14.027200000000001	14.348560000000001	14.612270000000001	14.92408	15.2311	15.533569999999999	15.831720000000001	16.174389999999999	16.46387	16.749649999999999	17.003799999999998	17.26444	17.51305	17.72279	17.948730000000001	18.217110000000002	18.456189999999999	18.701730000000001	18.93628	19.17727	19.39057	19.644269999999999	19.853840000000002	20.061789999999998	20.243480000000002	20.47298	20.676279999999998	20.87811	21.078499999999998	21.277480000000001	21.475079999999998	21.671320000000001	21.866240000000001	22.05986	22.252220000000001	22.44332	22.633209999999998	22.82189	23.009399999999999	23.19576	23.380980000000001	23.565079999999998	23.748090000000001	23.930029999999999	24.110900000000001	24.29074	24.469550000000002	24.647349999999999	24.824159999999999	25	-2.407	-2.391	-2.3740000000000001	-2.3570000000000002	-2.34	-2.323	-2.306	-2.29	-2.2730000000000001	-2.2559999999999998	-2.2389999999999999	-2.222	-2.2050000000000001	-2.1880000000000002	-2.1709999999999998	-2.1539999999999999	-2.137	-2.12	-2.1030000000000002	-2.0859999999999999	-2.069	-2.052	-2.0350000000000001	-2.0179999999999998	-2.0009999999999999	-1.982	-1.966	-1.9490000000000001	-1.9319999999999999	-1.911	-1.8939999999999999	-1.875	-1.8560000000000001	-1.837	-1.819	-1.798	-1.7809999999999999	-1.7649999999999999	-1.746	-1.7270000000000001	-1.708	-1.6870000000000001	-1.6659999999999999	-1.6419999999999999	-1.621	-1.6	-1.579	-1.5589999999999999	-1.5409999999999999	-1.52	-1.5	-1.482	-1.4650000000000001	-1.4470000000000001	-1.43	-1.413	-1.395	-1.3779999999999999	-1.36	-1.343	-1.3260000000000001	-1.3080000000000001	-1.2909999999999999	-1.274	-1.256	-1.2390000000000001	-1.222	-1.206	-1.19	-1.177	-1.163	-1.1499999999999999	-1.139	-1.125	-1.115	-1.103	-1.091	-1.0820000000000001	-1.0740000000000001	-1.0669999999999999	-1.06	-1.054	-1.048	-1.044	-1.0389999999999999	-1.0369999999999999	-1.0349999999999999	-1.0329999999999999	-1.032	-1.0329999999999999	-1.034	-1.036	-1.0389999999999999	-1.0429999999999999	-1.048	-1.0529999999999999	-1.0589999999999999	-1.0660000000000001	-1.073	-1.081	-1.0900000000000001	-1.1020000000000001	-1.1140000000000001	-1.1240000000000001	-1.1379999999999999	-1.1499999999999999	-1.1619999999999999	-1.1759999999999999	-1.19	-1.2050000000000001	-1.2210000000000001	-1.238	-1.2549999999999999	-1.2729999999999999	-1.29	-1.3080000000000001	-1.325	-1.3420000000000001	-1.36	-1.377	-1.395	-1.4119999999999999	-1.43	-1.4470000000000001	-1.464	-1.482	-1.4990000000000001	-1.52	-1.5409999999999999	-1.5580000000000001	-1.579	-1.6	-1.621	-1.6419999999999999	-1.6659999999999999	-1.6870000000000001	-1.708	-1.726	-1.746	-1.7649999999999999	-1.78	-1.798	-1.8180000000000001	-1.837	-1.8560000000000001	-1.875	-1.8939999999999999	-1.911	-1.9319999999999999	-1.9490000000000001	-1.966	-1.9810000000000001	-2.0009999999999999	-2.0179999999999998	-2.0350000000000001	-2.052	-2.069	-2.0859999999999999	-2.1030000000000002	-2.12	-2.137	-2.1539999999999999	-2.1709999999999998	-2.1880000000000002	-2.2050000000000001	-2.222	-2.2389999999999999	-2.2559999999999998	-2.2730000000000001	-2.29	-2.3069999999999999	-2.323	-2.34	-2.3570000000000002	-2.3740000000000001	-2.391	-2.407	x [m]


Axial ad bending stresses [MPa]




Moment-less	-25	-24.824159999999999	-24.647349999999999	-24.469550000000002	-24.29074	-24.110900000000001	-23.930029999999999	-23.748090000000001	-23.565079999999998	-23.380980000000001	-23.19576	-23.009399999999999	-22.82189	-22.633209999999998	-22.44332	-22.252220000000001	-22.05986	-21.866240000000001	-21.671320000000001	-21.475079999999998	-21.277480000000001	-21.078499999999998	-20.87811	-20.676279999999998	-20.47298	-20.243480000000002	-20.061789999999998	-19.853840000000002	-19.644269999999999	-19.39057	-19.17727	-18.93628	-18.701730000000001	-18.456189999999999	-18.217110000000002	-17.948730000000001	-17.72279	-17.51305	-17.26444	-17.003799999999998	-16.749649999999999	-16.46387	-16.174389999999999	-15.831720000000001	-15.533569999999999	-15.2311	-14.92408	-14.612270000000001	-14.348560000000001	-14.027200000000001	-13.700189999999999	-13.423080000000001	-13.141540000000001	-12.855309999999999	-12.56409	-12.26755	-11.96533	-11.657019999999999	-11.34216	-11.020210000000001	-10.690569999999999	-10.352550000000001	-10.005330000000001	-9.6479660000000003	-9.2793320000000001	-8.8980700000000006	-8.502535	-8.1242909999999995	-7.7477549999999997	-7.3911009999999999	-7.0186669999999998	-6.6678300000000004	-6.3205970000000002	-5.8885899999999998	-5.5445679999999999	-5.1291570000000002	-4.652012	-4.2765129999999996	-3.8996590000000002	-3.5566339999999999	-3.178226	-2.7955930000000002	-2.4062100000000002	-2.0367959999999998	-1.584676	-1.2270220000000001	-0.86738939999999998	-0.4336023	0	0.4336023	0.86738939999999998	1.2270220000000001	1.584676	2.0367959999999998	2.4062100000000002	2.7955930000000002	3.178226	3.5566339999999999	3.8996590000000002	4.2765129999999996	4.652012	5.1291570000000002	5.5445679999999999	5.8885899999999998	6.3205970000000002	6.6678300000000004	7.0186669999999998	7.3911009999999999	7.7477549999999997	8.1242909999999995	8.502535	8.8980700000000006	9.2793320000000001	9.6479660000000003	10.005330000000001	10.352550000000001	10.690569999999999	11.020210000000001	11.34216	11.657019999999999	11.96533	12.26755	12.56409	12.855309999999999	13.141540000000001	13.423080000000001	13.700189999999999	14.027200000000001	14.348560000000001	14.612270000000001	14.92408	15.2311	15.533569999999999	15.831720000000001	16.174389999999999	16.46387	16.749649999999999	17.003799999999998	17.26444	17.51305	17.72279	17.948730000000001	18.217110000000002	18.456189999999999	18.701730000000001	18.93628	19.17727	19.39057	19.644269999999999	19.853840000000002	20.061789999999998	20.243480000000002	20.47298	20.676279999999998	20.87811	21.078499999999998	21.277480000000001	21.475079999999998	21.671320000000001	21.866240000000001	22.05986	22.252220000000001	22.44332	22.633209999999998	22.82189	23.009399999999999	23.19576	23.380980000000001	23.565079999999998	23.748090000000001	23.930029999999999	24.110900000000001	24.29074	24.469550000000002	24.647349999999999	24.824159999999999	25	0	-4.4780000000000002E-5	-8.9270000000000004E-5	-1.3349999999999999E-4	-1.774E-4	-2.2100000000000001E-4	-2.6429999999999997E-4	-3.0729999999999999E-4	-3.501E-4	-3.925E-4	-4.3459999999999999E-4	-4.7649999999999998E-4	-5.1800000000000001E-4	-5.5920000000000004E-4	-6.0019999999999995E-4	-6.4079999999999996E-4	-6.8110000000000002E-4	-7.2119999999999997E-4	-7.6090000000000001E-4	-8.0029999999999999E-4	-8.3940000000000002E-4	-8.7819999999999999E-4	-9.167E-4	-9.5489999999999995E-4	-9.9280000000000006E-4	-1.0349999999999999E-3	-1.0679999999999999E-3	-1.1050000000000001E-3	-1.1410000000000001E-3	-1.1850000000000001E-3	-1.2210000000000001E-3	-1.2600000000000001E-3	-1.299E-3	-1.338E-3	-1.3749999999999999E-3	-1.4159999999999999E-3	-1.4499999999999999E-3	-1.48E-3	-1.516E-3	-1.5529999999999999E-3	-1.588E-3	-1.627E-3	-1.665E-3	-1.7080000000000001E-3	-1.745E-3	-1.7819999999999999E-3	-1.817E-3	-1.853E-3	-1.882E-3	-1.916E-3	-1.9499999999999999E-3	-1.9780000000000002E-3	-2.006E-3	-2.0330000000000001E-3	-2.0600000000000002E-3	-2.0869999999999999E-3	-2.1129999999999999E-3	-2.1389999999999998E-3	-2.1649999999999998E-3	-2.1900000000000001E-3	-2.215E-3	-2.2399999999999998E-3	-2.264E-3	-2.2880000000000001E-3	-2.3110000000000001E-3	-2.3340000000000001E-3	-2.3570000000000002E-3	-2.3779999999999999E-3	-2.3969999999999998E-3	-2.415E-3	-2.4320000000000001E-3	-2.447E-3	-2.4620000000000002E-3	-2.4780000000000002E-3	-2.4910000000000002E-3	-2.5040000000000001E-3	-2.519E-3	-2.529E-3	-2.5379999999999999E-3	-2.5460000000000001E-3	-2.5539999999999998E-3	-2.5609999999999999E-3	-2.5669999999999998E-3	-2.5720000000000001E-3	-2.5769999999999999E-3	-2.5799999999999998E-3	-2.5820000000000001E-3	-2.5839999999999999E-3	-2.5839999999999999E-3	-2.5839999999999999E-3	-2.5820000000000001E-3	-2.5799999999999998E-3	-2.5769999999999999E-3	-2.5720000000000001E-3	-2.5669999999999998E-3	-2.5609999999999999E-3	-2.5539999999999998E-3	-2.5460000000000001E-3	-2.5379999999999999E-3	-2.529E-3	-2.519E-3	-2.5040000000000001E-3	-2.4910000000000002E-3	-2.4780000000000002E-3	-2.4620000000000002E-3	-2.447E-3	-2.4320000000000001E-3	-2.415E-3	-2.3969999999999998E-3	-2.3779999999999999E-3	-2.3570000000000002E-3	-2.3340000000000001E-3	-2.3110000000000001E-3	-2.2880000000000001E-3	-2.264E-3	-2.2399999999999998E-3	-2.215E-3	-2.1900000000000001E-3	-2.1649999999999998E-3	-2.1389999999999998E-3	-2.1129999999999999E-3	-2.0869999999999999E-3	-2.0600000000000002E-3	-2.0330000000000001E-3	-2.006E-3	-1.9780000000000002E-3	-1.9499999999999999E-3	-1.916E-3	-1.882E-3	-1.853E-3	-1.817E-3	-1.7819999999999999E-3	-1.745E-3	-1.7080000000000001E-3	-1.665E-3	-1.627E-3	-1.588E-3	-1.5529999999999999E-3	-1.516E-3	-1.48E-3	-1.4499999999999999E-3	-1.4159999999999999E-3	-1.3749999999999999E-3	-1.338E-3	-1.299E-3	-1.2600000000000001E-3	-1.2210000000000001E-3	-1.1850000000000001E-3	-1.1410000000000001E-3	-1.1050000000000001E-3	-1.0679999999999999E-3	-1.0349999999999999E-3	-9.9280000000000006E-4	-9.5489999999999995E-4	-9.167E-4	-8.7819999999999999E-4	-8.3940000000000002E-4	-8.0029999999999999E-4	-7.6090000000000001E-4	-7.2119999999999997E-4	-6.8110000000000002E-4	-6.4079999999999996E-4	-6.0019999999999995E-4	-5.5920000000000004E-4	-5.1800000000000001E-4	-4.7649999999999998E-4	-4.3459999999999999E-4	-3.925E-4	-3.501E-4	-3.0729999999999999E-4	-2.6429999999999997E-4	-2.2100000000000001E-4	-1.774E-4	-1.3349999999999999E-4	-8.9270000000000004E-5	-4.4780000000000002E-5	0	Parabolic	-25	-24.824159999999999	-24.647349999999999	-24.469550000000002	-24.29074	-24.110900000000001	-23.930029999999999	-23.748090000000001	-23.565079999999998	-23.380980000000001	-23.19576	-23.009399999999999	-22.82189	-22.633209999999998	-22.44332	-22.252220000000001	-22.05986	-21.866240000000001	-21.671320000000001	-21.475079999999998	-21.277480000000001	-21.078499999999998	-20.87811	-20.676279999999998	-20.47298	-20.243480000000002	-20.061789999999998	-19.853840000000002	-19.644269999999999	-19.39057	-19.17727	-18.93628	-18.701730000000001	-18.456189999999999	-18.217110000000002	-17.948730000000001	-17.72279	-17.51305	-17.26444	-17.003799999999998	-16.749649999999999	-16.46387	-16.174389999999999	-15.831720000000001	-15.533569999999999	-15.2311	-14.92408	-14.612270000000001	-14.348560000000001	-14.027200000000001	-13.700189999999999	-13.423080000000001	-13.141540000000001	-12.855309999999999	-12.56409	-12.26755	-11.96533	-11.657019999999999	-11.34216	-11.020210000000001	-10.690569999999999	-10.352550000000001	-10.005330000000001	-9.6479660000000003	-9.2793320000000001	-8.8980700000000006	-8.502535	-8.1242909999999995	-7.7477549999999997	-7.3911009999999999	-7.0186669999999998	-6.6678300000000004	-6.3205970000000002	-5.8885899999999998	-5.5445679999999999	-5.1291570000000002	-4.652012	-4.2765129999999996	-3.8996590000000002	-3.5566339999999999	-3.178226	-2.7955930000000002	-2.4062100000000002	-2.0367959999999998	-1.584676	-1.2270220000000001	-0.86738939999999998	-0.4336023	0	0.4336023	0.86738939999999998	1.2270220000000001	1.584676	2.0367959999999998	2.4062100000000002	2.7955930000000002	3.178226	3.5566339999999999	3.8996590000000002	4.2765129999999996	4.652012	5.1291570000000002	5.5445679999999999	5.8885899999999998	6.3205970000000002	6.6678300000000004	7.0186669999999998	7.3911009999999999	7.7477549999999997	8.1242909999999995	8.502535	8.8980700000000006	9.2793320000000001	9.6479660000000003	10.005330000000001	10.352550000000001	10.690569999999999	11.020210000000001	11.34216	11.657019999999999	11.96533	12.26755	12.56409	12.855309999999999	13.141540000000001	13.423080000000001	13.700189999999999	14.027200000000001	14.348560000000001	14.612270000000001	14.92408	15.2311	15.533569999999999	15.831720000000001	16.174389999999999	16.46387	16.749649999999999	17.003799999999998	17.26444	17.51305	17.72279	17.948730000000001	18.217110000000002	18.456189999999999	18.701730000000001	18.93628	19.17727	19.39057	19.644269999999999	19.853840000000002	20.061789999999998	20.243480000000002	20.47298	20.676279999999998	20.87811	21.078499999999998	21.277480000000001	21.475079999999998	21.671320000000001	21.866240000000001	22.05986	22.252220000000001	22.44332	22.633209999999998	22.82189	23.009399999999999	23.19576	23.380980000000001	23.565079999999998	23.748090000000001	23.930029999999999	24.110900000000001	24.29074	24.469550000000002	24.647349999999999	24.824159999999999	25	0	-5.04E-4	-1.0089999999999999E-3	-1.5139999999999999E-3	-2.0179999999999998E-3	-2.5200000000000001E-3	-3.0179999999999998E-3	-3.5119999999999999E-3	-4.0000000000000001E-3	-4.4819999999999999E-3	-4.9560000000000003E-3	-5.4209999999999996E-3	-5.8770000000000003E-3	-6.3229999999999996E-3	-6.757E-3	-7.1789999999999996E-3	-7.5880000000000001E-3	-7.9830000000000005E-3	-8.3630000000000006E-3	-8.7279999999999996E-3	-9.0760000000000007E-3	-9.4079999999999997E-3	-9.7210000000000005E-3	-1.0019999999999999E-2	-1.0290000000000001E-2	-1.0580000000000001E-2	-1.078E-2	-1.0999999999999999E-2	-1.119E-2	-1.14E-2	-1.154E-2	-1.1679999999999999E-2	-1.1780000000000001E-2	-1.1849999999999999E-2	-1.1900000000000001E-2	-1.191E-2	-1.1900000000000001E-2	-1.1860000000000001E-2	-1.18E-2	-1.1690000000000001E-2	-1.1560000000000001E-2	-1.1379999999999999E-2	-1.116E-2	-1.086E-2	-1.056E-2	-1.022E-2	-9.8460000000000006E-3	-9.4319999999999994E-3	-9.0589999999999993E-3	-8.5780000000000006E-3	-8.0599999999999995E-3	-7.6E-3	-7.1149999999999998E-3	-6.6059999999999999E-3	-6.0730000000000003E-3	-5.5149999999999999E-3	-4.934E-3	-4.3299999999999996E-3	-3.7030000000000001E-3	-3.0539999999999999E-3	-2.3830000000000001E-3	-1.6919999999999999E-3	-9.7919999999999995E-4	-2.4679999999999998E-4	5.0489999999999997E-4	1.2750000000000001E-3	2.0639999999999999E-3	2.8050000000000002E-3	3.5260000000000001E-3	4.1929999999999997E-3	4.8700000000000002E-3	5.4869999999999997E-3	6.0769999999999999E-3	6.7780000000000002E-3	7.3099999999999997E-3	7.9179999999999997E-3	8.567E-3	9.0399999999999994E-3	9.4789999999999996E-3	9.8469999999999999E-3	1.022E-2	1.055E-2	1.085E-2	1.1089999999999999E-2	1.133E-2	1.1480000000000001E-2	1.159E-2	1.1679999999999999E-2	1.171E-2	1.1679999999999999E-2	1.159E-2	1.1480000000000001E-2	1.133E-2	1.1089999999999999E-2	1.085E-2	1.055E-2	1.022E-2	9.8469999999999999E-3	9.4789999999999996E-3	9.0399999999999994E-3	8.567E-3	7.9179999999999997E-3	7.3099999999999997E-3	6.7780000000000002E-3	6.0769999999999999E-3	5.4869999999999997E-3	4.8700000000000002E-3	4.1929999999999997E-3	3.5260000000000001E-3	2.8050000000000002E-3	2.0639999999999999E-3	1.2750000000000001E-3	5.0489999999999997E-4	-2.4679999999999998E-4	-9.7919999999999995E-4	-1.6919999999999999E-3	-2.3830000000000001E-3	-3.0539999999999999E-3	-3.7030000000000001E-3	-4.3299999999999996E-3	-4.934E-3	-5.5149999999999999E-3	-6.0730000000000003E-3	-6.6059999999999999E-3	-7.1149999999999998E-3	-7.6E-3	-8.0599999999999995E-3	-8.5780000000000006E-3	-9.0589999999999993E-3	-9.4319999999999994E-3	-9.8460000000000006E-3	-1.022E-2	-1.056E-2	-1.086E-2	-1.116E-2	-1.1379999999999999E-2	-1.1560000000000001E-2	-1.1690000000000001E-2	-1.18E-2	-1.1860000000000001E-2	-1.1900000000000001E-2	-1.191E-2	-1.1900000000000001E-2	-1.1849999999999999E-2	-1.1780000000000001E-2	-1.1679999999999999E-2	-1.154E-2	-1.14E-2	-1.119E-2	-1.0999999999999999E-2	-1.078E-2	-1.0580000000000001E-2	-1.0290000000000001E-2	-1.0019999999999999E-2	-9.7210000000000005E-3	-9.4079999999999997E-3	-9.0760000000000007E-3	-8.7279999999999996E-3	-8.3630000000000006E-3	-7.9830000000000005E-3	-7.5880000000000001E-3	-7.1789999999999996E-3	-6.757E-3	-6.3229999999999996E-3	-5.8770000000000003E-3	-5.4209999999999996E-3	-4.9560000000000003E-3	-4.4819999999999999E-3	-4.0000000000000001E-3	-3.5119999999999999E-3	-3.0179999999999998E-3	-2.5200000000000001E-3	-2.0179999999999998E-3	-1.5139999999999999E-3	-1.0089999999999999E-3	-5.04E-4	0	 x [m]


Vertical displacement [m]




Moment-less	-25	-24.824159999999999	-24.647349999999999	-24.469550000000002	-24.29074	-24.110900000000001	-23.930029999999999	-23.748090000000001	-23.565079999999998	-23.380980000000001	-23.19576	-23.009399999999999	-22.82189	-22.633209999999998	-22.44332	-22.252220000000001	-22.05986	-21.866240000000001	-21.671320000000001	-21.475079999999998	-21.277480000000001	-21.078499999999998	-20.87811	-20.676279999999998	-20.47298	-20.243480000000002	-20.061789999999998	-19.853840000000002	-19.644269999999999	-19.39057	-19.17727	-18.93628	-18.701730000000001	-18.456189999999999	-18.217110000000002	-17.948730000000001	-17.72279	-17.51305	-17.26444	-17.003799999999998	-16.749649999999999	-16.46387	-16.174389999999999	-15.831720000000001	-15.533569999999999	-15.2311	-14.92408	-14.612270000000001	-14.348560000000001	-14.027200000000001	-13.700189999999999	-13.423080000000001	-13.141540000000001	-12.855309999999999	-12.56409	-12.26755	-11.96533	-11.657019999999999	-11.34216	-11.020210000000001	-10.690569999999999	-10.352550000000001	-10.005330000000001	-9.6479660000000003	-9.2793320000000001	-8.8980700000000006	-8.502535	-8.1242909999999995	-7.7477549999999997	-7.3911009999999999	-7.0186669999999998	-6.6678300000000004	-6.3205970000000002	-5.8885899999999998	-5.5445679999999999	-5.1291570000000002	-4.652012	-4.2765129999999996	-3.8996590000000002	-3.5566339999999999	-3.178226	-2.7955930000000002	-2.4062100000000002	-2.0367959999999998	-1.584676	-1.2270220000000001	-0.86738939999999998	-0.4336023	0	0.4336023	0.86738939999999998	1.2270220000000001	1.584676	2.0367959999999998	2.4062100000000002	2.7955930000000002	3.178226	3.5566339999999999	3.8996590000000002	4.2765129999999996	4.652012	5.1291570000000002	5.5445679999999999	5.8885899999999998	6.3205970000000002	6.6678300000000004	7.0186669999999998	7.3911009999999999	7.7477549999999997	8.1242909999999995	8.502535	8.8980700000000006	9.2793320000000001	9.6479660000000003	10.005330000000001	10.352550000000001	10.690569999999999	11.020210000000001	11.34216	11.657019999999999	11.96533	12.26755	12.56409	12.855309999999999	13.141540000000001	13.423080000000001	13.700189999999999	14.027200000000001	14.348560000000001	14.612270000000001	14.92408	15.2311	15.533569999999999	15.831720000000001	16.174389999999999	16.46387	16.749649999999999	17.003799999999998	17.26444	17.51305	17.72279	17.948730000000001	18.217110000000002	18.456189999999999	18.701730000000001	18.93628	19.17727	19.39057	19.644269999999999	19.853840000000002	20.061789999999998	20.243480000000002	20.47298	20.676279999999998	20.87811	21.078499999999998	21.277480000000001	21.475079999999998	21.671320000000001	21.866240000000001	22.05986	22.252220000000001	22.44332	22.633209999999998	22.82189	23.009399999999999	23.19576	23.380980000000001	23.565079999999998	23.748090000000001	23.930029999999999	24.110900000000001	24.29074	24.469550000000002	24.647349999999999	24.824159999999999	25	-2.8950047579999998	-3.0869	-3.2776000000000001	-3.468	-3.6562999999999999	-3.8439999999999999	-4.03	-4.2140000000000004	-4.3979999999999997	-4.58	-4.76	-4.9390000000000001	-5.1159999999999997	-5.2910000000000004	-5.4640000000000004	-5.6360000000000001	-5.8070000000000004	-5.9749999999999996	-6.141	-6.3049999999999997	-6.468	-6.6269999999999998	-6.7859999999999996	-6.9409999999999998	-7.0940000000000003	-7.2640000000000002	-7.3940000000000001	-7.5389999999999997	-7.6820000000000004	-7.851	-7.9880000000000004	-8.1379999999999999	-8.2789999999999999	-8.4209999999999994	-8.5540000000000003	-8.6989999999999998	-8.8140000000000001	-8.9160000000000004	-9.0340000000000007	-9.1509999999999998	-9.2590000000000003	-9.3719999999999999	-9.4789999999999992	-9.5960000000000001	-9.6869999999999994	-9.7729999999999997	-9.85	-9.9190000000000005	-9.9689999999999994	-10.022	-10.064	-10.093	-10.112	-10.125	-10.128	-10.124000000000001	-10.109	-10.086	-10.050000000000001	-10.004	-9.9459999999999997	-9.8729999999999993	-9.7859999999999996	-9.6829999999999998	-9.5640000000000001	-9.4239999999999995	-9.2629999999999999	-9.093	-8.9090000000000007	-8.7200000000000006	-8.5069999999999997	-8.2940000000000005	-8.0690000000000008	-7.7709999999999999	-7.52	-7.1980000000000004	-6.8049999999999997	-6.4790000000000001	-6.1349999999999998	-5.8090000000000002	-5.4329999999999998	-5.0380000000000003	-4.6180000000000003	-4.2050000000000001	-3.6779999999999999	-3.2450000000000001	-2.7949999999999999	-2.234	-1.6511	-1.0684	-0.50460000000000005	-5.0999999999999997E-2	0.38400000000000001	0.91800000000000004	1.3360000000000001	1.7629999999999999	2.1659999999999999	2.5499999999999998	2.8849999999999998	3.238	3.5750000000000002	3.9820000000000002	4.3159999999999998	4.58	4.8920000000000003	5.1269999999999998	5.3529999999999998	5.5789999999999997	5.78	5.9770000000000003	6.16	6.335	6.4859999999999998	6.6159999999999997	6.7290000000000001	6.8250000000000002	6.9059999999999997	6.97	7.0220000000000002	7.0629999999999997	7.0910000000000002	7.1059999999999999	7.1130000000000004	7.1070000000000002	7.0940000000000003	7.0709999999999997	7.0389999999999997	6.9889999999999999	6.9290000000000003	6.8689999999999998	6.7880000000000003	6.6959999999999997	6.5949999999999998	6.484	6.343	6.2140000000000004	6.0750000000000002	5.9409999999999998	5.798	5.6520000000000001	5.524	5.3789999999999996	5.1970000000000001	5.0289999999999999	4.8460000000000001	4.6669999999999998	4.4729999999999999	4.2969999999999997	4.077	3.89	3.6989999999999998	3.5270000000000001	3.3029999999999999	3.0990000000000002	2.891	2.6789999999999998	2.4620000000000002	2.242	2.0179999999999998	1.7909999999999999	1.5589999999999999	1.3240000000000001	1.0860000000000001	0.84399999999999997	0.59799999999999998	0.34899999999999998	9.6000000000000002E-2	-0.16	-0.41899999999999998	-0.68300000000000005	-0.94899999999999995	-1.218	-1.49	-1.7658	-2.0445000000000002	-2.3262	-2.6110114500000003	Parabolic	-25	-24.824159999999999	-24.647349999999999	-24.469550000000002	-24.29074	-24.110900000000001	-23.930029999999999	-23.748090000000001	-23.565079999999998	-23.380980000000001	-23.19576	-23.009399999999999	-22.82189	-22.633209999999998	-22.44332	-22.252220000000001	-22.05986	-21.866240000000001	-21.671320000000001	-21.475079999999998	-21.277480000000001	-21.078499999999998	-20.87811	-20.676279999999998	-20.47298	-20.243480000000002	-20.061789999999998	-19.853840000000002	-19.644269999999999	-19.39057	-19.17727	-18.93628	-18.701730000000001	-18.456189999999999	-18.217110000000002	-17.948730000000001	-17.72279	-17.51305	-17.26444	-17.003799999999998	-16.749649999999999	-16.46387	-16.174389999999999	-15.831720000000001	-15.533569999999999	-15.2311	-14.92408	-14.612270000000001	-14.348560000000001	-14.027200000000001	-13.700189999999999	-13.423080000000001	-13.141540000000001	-12.855309999999999	-12.56409	-12.26755	-11.96533	-11.657019999999999	-11.34216	-11.020210000000001	-10.690569999999999	-10.352550000000001	-10.005330000000001	-9.6479660000000003	-9.2793320000000001	-8.8980700000000006	-8.502535	-8.1242909999999995	-7.7477549999999997	-7.3911009999999999	-7.0186669999999998	-6.6678300000000004	-6.3205970000000002	-5.8885899999999998	-5.5445679999999999	-5.1291570000000002	-4.652012	-4.2765129999999996	-3.8996590000000002	-3.5566339999999999	-3.178226	-2.7955930000000002	-2.4062100000000002	-2.0367959999999998	-1.584676	-1.2270220000000001	-0.86738939999999998	-0.4336023	0	0.4336023	0.86738939999999998	1.2270220000000001	1.584676	2.0367959999999998	2.4062100000000002	2.7955930000000002	3.178226	3.5566339999999999	3.8996590000000002	4.2765129999999996	4.652012	5.1291570000000002	5.5445679999999999	5.8885899999999998	6.3205970000000002	6.6678300000000004	7.0186669999999998	7.3911009999999999	7.7477549999999997	8.1242909999999995	8.502535	8.8980700000000006	9.2793320000000001	9.6479660000000003	10.005330000000001	10.352550000000001	10.690569999999999	11.020210000000001	11.34216	11.657019999999999	11.96533	12.26755	12.56409	12.855309999999999	13.141540000000001	13.423080000000001	13.700189999999999	14.027200000000001	14.348560000000001	14.612270000000001	14.92408	15.2311	15.533569999999999	15.831720000000001	16.174389999999999	16.46387	16.749649999999999	17.003799999999998	17.26444	17.51305	17.72279	17.948730000000001	18.217110000000002	18.456189999999999	18.701730000000001	18.93628	19.17727	19.39057	19.644269999999999	19.853840000000002	20.061789999999998	20.243480000000002	20.47298	20.676279999999998	20.87811	21.078499999999998	21.277480000000001	21.475079999999998	21.671320000000001	21.866240000000001	22.05986	22.252220000000001	22.44332	22.633209999999998	22.82189	23.009399999999999	23.19576	23.380980000000001	23.565079999999998	23.748090000000001	23.930029999999999	24.110900000000001	24.29074	24.469550000000002	24.647349999999999	24.824159999999999	25	-2.8960090030000001	-3.2844000000000002	-3.6642999999999999	-4.0369999999999999	-4.4009999999999998	-4.758	-5.1079999999999997	-5.45	-5.7830000000000004	-6.109	-6.4269999999999996	-6.7370000000000001	-7.0389999999999997	-7.3330000000000002	-7.62	-7.8970000000000002	-8.1679999999999993	-8.43	-8.6829999999999998	-8.9280000000000008	-9.1639999999999997	-9.3919999999999995	-9.6120000000000001	-9.8239999999999998	-10.026999999999999	-10.243	-10.404999999999999	-10.583	-10.749000000000001	-10.938000000000001	-11.087	-11.242000000000001	-11.38	-11.512	-11.629	-11.744	-11.83	-11.901	-11.975	-12.036	-12.090999999999999	-12.125	-12.157999999999999	-12.167	-12.16	-12.132999999999999	-12.096	-12.04	-11.986000000000001	-11.9	-11.792	-11.696999999999999	-11.585000000000001	-11.459	-11.32	-11.167999999999999	-11	-10.818	-10.619	-10.406000000000001	-10.175000000000001	-9.9250000000000007	-9.657	-9.3680000000000003	-9.0570000000000004	-8.7230000000000008	-8.3629999999999995	-8.0060000000000002	-7.6379999999999999	-7.2830000000000004	-6.899	-6.53	-6.157	-5.6820000000000004	-5.2960000000000003	-4.82	-4.2629999999999999	-3.8159999999999998	-3.36	-2.9409999999999998	-2.472	-1.9911000000000001	-1.4957	-1.0218	-0.43149999999999999	3.9E-2	0.51600000000000001	1.099	1.6890000000000001	2.2650000000000001	2.8069999999999999	3.23	3.6280000000000001	4.0979999999999999	4.4560000000000004	4.806	5.1239999999999997	5.4130000000000003	5.6550000000000002	5.8970000000000002	6.1139999999999999	6.3570000000000002	6.5369999999999999	6.6660000000000004	6.8010000000000002	6.8890000000000002	6.96	7.0140000000000002	7.048	7.0629999999999997	7.0590000000000002	7.0339999999999998	6.9909999999999997	6.9320000000000004	6.8579999999999997	6.7720000000000002	6.6749999999999998	6.569	6.4530000000000003	6.33	6.2	6.0629999999999997	5.9219999999999997	5.774	5.6230000000000002	5.4669999999999996	5.3070000000000004	5.1120000000000001	4.9130000000000003	4.7460000000000004	4.5410000000000004	4.3339999999999996	4.1260000000000003	3.915	3.669	3.4580000000000002	3.2450000000000001	3.0550000000000002	2.8580000000000001	2.6680000000000001	2.5070000000000001	2.3319999999999999	2.1230000000000002	1.9370000000000001	1.746	1.5620000000000001	1.3740000000000001	1.208	1.0089999999999999	0.84699999999999998	0.68700000000000006	0.54700000000000004	0.37	0.216	6.3E-2	-8.7999999999999995E-2	-0.23599999999999999	-0.38200000000000001	-0.52500000000000002	-0.66500000000000004	-0.80300000000000005	-0.93899999999999995	-1.0720000000000001	-1.202	-1.3280000000000001	-1.4525999999999999	-1.5744	-1.6928000000000001	-1.8077000000000001	-1.9201999999999999	-2.0287000000000002	-2.1351	-2.2383000000000002	-2.3374000000000001	-2.4342000000000001	-2.5267400000000002	-2.6169977389999999	x [m]


Combined stress, top face [MPa]




Moment-less	0	2.0064010448454788	3.4752200767001726	5.212918745773333	6.7299863841464944	8.6886700517488009	10.990953801724933	12.691833040201255	14.883498995532955	16.791983281488456	18.505108849095965	20.569118016823676	22.444748685063423	24.589721088998704	26.562872957231047	28.400035426325292	30.953313135820729	33.007969335592492	34.797987890698224	36.914819780545713	38.917904786570091	40.823980156027346	42.64604632082704	44.394439629441273	46.077538935876866	47.702248100461617	49.274335583460534	51.296922976034992	53.244218038324952	54.660121706954904	56.041041756932266	57.389497201672796	59.140757238167822	60.842870063651532	62.499837602263511	64.115146945948311	65.691858457778039	67.232675396170464	69.111853885416224	70.942819050645255	72.729190665060628	74.128335665074431	75.502450465566199	77.186914027356039	78.836696261654438	80.453912073838595	82.040469284786326	83.598095897093984	85.128362915720331	86.632703577837106	88.112429658993079	89.568745381009819	91.002759338980894	92.415494781533539	93.807898513886116	95.18084864260544	96.53516134100748	98.136801866484845	99.713914412532503	101.26762290339994	102.79896707276509	104.05870100139919	105.55149849910681	107.02449097134891	108.71899837275002	110.15171255420896	111.56694424075727	113.19680244720912	114.80468224680642	116.1660436187238	117.51243005243225	118.8443343427855	120.16222227145303	121.68262982683399	123.185218953689	124.45944222973147	125.51191118285752	126.97144726711826	128.20991544385282	129.64058634680495	131.05641294523622	132.45785098401217	133.84533265870027	135.21926828508532	136.58004781988726	138.11959001049627	139.64295829352065	140.96302974086433	142.27141646302687	143.38382060327589	144.48804557353463	145.76620493952083	147.03373928029103	148.29090572790693	149.53795078261152	150.91588152165198	152.17719504408018	153.3939262185923	154.42950780051592	155.62931147192097	156.82028065139764	158.00260222398614	159.17645626550637	160.34201638724414	161.49945005856722	87.296999999999997	87.284174574636666	87.258522414290681	87.210419908207513	87.152688802015234	87.05645066783751	86.912047507103637	86.783642884338548	86.590954412850593	86.398168220582875	86.205284446794295	85.947954528403415	85.690451707331533	85.368330535641192	85.045940353246323	84.723281795757131	84.238792141084787	83.81841546187762	83.429976448535911	82.943890715831884	82.457210312114341	81.969937324646779	81.482073829722694	80.993621892742297	80.504583568288538	80.014960900202624	79.524755921658652	78.870246961634578	78.214711142715174	77.722388250360666	77.229492396811793	76.736025556176983	76.077184959507548	75.417337392224709	74.756487449936799	74.094639696863837	73.43179866612239	72.767968860007684	71.936797946545724	71.10409772392218	70.269876786535505	69.601410851290396	68.931981444533633	68.093846354429772	67.254220896969272	66.413113340828431	65.570531886061147	64.726484664855747	63.880979742282236	63.034025117028648	62.185628722127497	61.335798425672522	60.484542031525599	59.631867280013665	58.777781848616996	57.922293352647273	57.065409345917445	56.035317009501547	55.003238757874712	53.969187301408041	52.933175228837257	52.068343141259177	51.028768904094875	49.987269071801478	48.76976838094614	47.724137908590805	46.676619883150437	45.452145571419287	44.225136634738263	43.171411223256641	42.115848515929571	41.05845982543309	39.999256360281407	38.761240121159844	37.520786344587393	36.455613269313076	35.566618505798047	34.319975660716281	33.249532379083249	31.998488954371751	30.745099606358494	29.4893806470294	28.231348218825467	26.971018296984795	25.708406691843166	24.262648167812713	22.813953019646696	21.543953770858415	20.271738782514859	19.179516600407815	18.085686874792977	16.807532789588791	15.527217830795045	14.24475642193439	12.960162842596993	11.52626424167098	10.200348113334627	8.9091448159812288	7.8007474806702746	6.5057023370387981	5.2086077826115513	3.9094771411743352	2.6083236070014664	1.3051602465287928	0	Parabolic	0	2.0064010448454788	3.4752200767001726	5.212918745773333	6.7299863841464944	8.6886700517488009	10.990953801724933	12.691833040201255	14.883498995532955	16.791983281488456	18.505108849095965	20.569118016823676	22.444748685063423	24.589721088998704	26.562872957231047	28.400035426325292	30.953313135820729	33.007969335592492	34.797987890698224	36.914819780545713	38.917904786570091	40.823980156027346	42.64604632082704	44.394439629441273	46.077538935876866	47.702248100461617	49.274335583460534	51.296922976034992	53.244218038324952	54.660121706954904	56.041041756932266	57.389497201672796	59.140757238167822	60.842870063651532	62.499837602263511	64.115146945948311	65.691858457778039	67.232675396170464	69.111853885416224	70.942819050645255	72.729190665060628	74.128335665074431	75.502450465566199	77.186914027356039	78.836696261654438	80.453912073838595	82.040469284786326	83.598095897093984	85.128362915720331	86.632703577837106	88.112429658993079	89.568745381009819	91.002759338980894	92.415494781533539	93.807898513886116	95.18084864260544	96.53516134100748	98.136801866484845	99.713914412532503	101.26762290339994	102.79896707276509	104.05870100139919	105.55149849910681	107.02449097134891	108.71899837275002	110.15171255420896	111.56694424075727	113.19680244720912	114.80468224680642	116.1660436187238	117.51243005243225	118.8443343427855	120.16222227145303	121.68262982683399	123.185218953689	124.45944222973147	125.51191118285752	126.97144726711826	128.20991544385282	129.64058634680495	131.05641294523622	132.45785098401217	133.84533265870027	135.21926828508532	136.58004781988726	138.11959001049627	139.64295829352065	140.96302974086433	142.27141646302687	143.38382060327589	144.48804557353463	145.76620493952083	147.03373928029103	148.29090572790693	149.53795078261152	150.91588152165198	152.17719504408018	153.3939262185923	154.42950780051592	155.62931147192097	156.82028065139764	158.00260222398614	159.17645626550637	160.34201638724414	161.49945005856722	87.297000000000011	87.283526210549311	87.256577898244927	87.206047178293957	87.145405781999315	87.044325813166111	86.892680180487545	86.757858246701559	86.555579908116428	86.353247201894249	86.150860305193618	85.88092711863122	85.610898325089593	85.27322851965441	84.935410787995025	84.597445936203115	84.090224563035548	83.650368490672861	83.244131328145727	82.736045172310853	82.227639595398699	81.718917228479071	81.20988068568947	80.700532564359037	80.190875445131326	79.680911892086172	79.170644452860657	78.489819528164617	77.808464815010424	77.297104660393401	76.785452294649787	76.273510174473387	75.590474168610825	74.90693312477147	74.222892737478475	73.538358653048959	72.853336470055893	72.167831739785143	71.31028062610072	70.451994778674887	69.592984734673706	68.905262288286863	68.217088319206667	67.356243888283799	66.494712288335606	65.632503558581703	64.769627633541887	63.906094344265206	63.041913419543327	62.177094487107404	61.311647074807603	60.445580611778453	59.578904429586864	58.711627763365925	57.843759752932662	56.975309443891383	56.106285788722111	55.062713054696552	54.018342594525542	52.973189360190958	51.927268120148305	51.05509094525798	50.007799452711318	48.95978082361983	47.736192188385949	46.686646197140469	45.636417095028797	44.410304503686014	43.183301799181969	42.130892616997841	41.077857874017198	40.024210425395083	38.969962971177495	37.739265998131586	36.507789087205417	35.451631387185515	34.571081834259644	33.337687750583541	32.279925485546229	31.045223941205496	29.80984451278599	28.573805166936516	27.337123620998575	26.099817346804542	24.861903574409745	23.446422888514377	22.030195910746794	20.790404458095956	19.550076697625919	18.486523902955287	17.422598807750042	16.180895434398593	14.938714126222116	13.696070094881565	12.452978344200947	11.067309659498864	9.7877712306077687	8.5433677728683755	7.4764271214120592	6.2313147699487432	4.9858405265061227	3.7400180234876022	2.4938607087052951	1.2473818480708785	5.9452824171199274E-4	x [m]


y [m]




Moment-less	-161.49940000000001	-159.1765	-156.8203	-154.42949999999999	-152.1772	-149.53800000000001	-147.03370000000001	-144.488	-142.2714	-139.643	-136.58000000000001	-133.84530000000001	-131.0564	-128.2099	-125.7214	-123.6113	-120.1622	-117.5124	-114.8047	-111.5669	-108.71899999999999	-105.30410000000001	-102.79900000000001	-99.713909999999998	-96.535160000000005	-93.807900000000004	-91.002759999999995	-88.112430000000003	-85.128360000000001	-82.040469999999999	-78.836699999999993	-75.502449999999996	-72.729190000000003	-69.111850000000004	-66.080330000000004	-62.08963	-59.570729999999998	-56.041040000000002	-53.244219999999999	-49.274340000000002	-46.077539999999999	-42.646050000000002	-38.917900000000003	-34.797989999999999	-31.759160000000001	-28.400030000000001	-24.58972	-20.072959999999998	-16.48922	-13.46203	-10.033099999999999	-6.7299860000000002	-3.4752200000000002	-1.737592	0	1.737592	3.4752200000000002	6.7299860000000002	10.033099999999999	13.46203	16.48922	20.072959999999998	24.58972	28.400030000000001	31.759160000000001	34.797989999999999	38.917900000000003	42.646050000000002	46.077539999999999	49.274340000000002	53.244219999999999	56.041040000000002	59.570729999999998	62.08963	66.080330000000004	69.111850000000004	72.729190000000003	75.502449999999996	78.836699999999993	82.040469999999999	85.128360000000001	88.112430000000003	91.002759999999995	93.807900000000004	96.535160000000005	99.713909999999998	102.79900000000001	105.30410000000001	108.71899999999999	111.5669	114.8047	117.5124	120.1622	123.6113	125.7214	128.2099	131.0564	133.84530000000001	136.58000000000001	139.643	142.2714	144.488	147.03370000000001	149.53800000000001	152.1772	154.42949999999999	156.8203	159.1765	161.49940000000001	-11.15998942	-10.3825	-9.6280000000000001	-8.8780000000000001	-8.1969999999999992	-7.431	-6.7249999999999996	-6.0350000000000001	-5.4619999999999997	-4.8029999999999999	-4.077	-3.4670000000000001	-2.8679999999999999	-2.2919999999999998	-1.8149999999999999	-1.4319999999999999	-0.84399999999999997	-0.42399999999999999	-2.4E-2	0.41599999999999998	0.76700000000000002	1.155	1.4039999999999999	1.6779999999999999	1.9219999999999999	2.101	2.2519999999999998	2.3820000000000001	2.4820000000000002	2.5529999999999999	2.5840000000000001	2.585	2.5419999999999998	2.4540000000000002	2.3420000000000001	2.1440000000000001	1.9890000000000001	1.7330000000000001	1.4990000000000001	1.1180000000000001	0.77	0.35699999999999998	-0.13900000000000001	-0.746	-1.232	-1.806	-2.504	-3.4009999999999998	-4.1630000000000003	-4.8410000000000002	-5.6470000000000002	-6.4640000000000004	-7.3057999999999996	-7.7702999999999998	-8.2454999999999998	-8.7200000000000006	-9.1839999999999993	-10.028	-10.85	-11.664	-12.352	-13.125	-14.042999999999999	-14.763999999999999	-15.361000000000001	-15.867000000000001	-16.507999999999999	-17.041	-17.491	-17.875	-18.306999999999999	-18.585999999999999	-18.891999999999999	-19.091999999999999	-19.366	-19.532	-19.696000000000002	-19.803999999999998	-19.888000000000002	-19.943000000000001	-19.966999999999999	-19.962	-19.927	-19.872	-19.795999999999999	-19.678000000000001	-19.53	-19.395	-19.181000000000001	-18.975000000000001	-18.712	-18.469000000000001	-18.21	-17.841000000000001	-17.606999999999999	-17.306000000000001	-16.943999999999999	-16.559000000000001	-16.170000000000002	-15.714	-15.291	-14.926	-14.494	-14.052	-13.561999999999999	-13.135	-12.67	-12.198399999999999	-11.710010039999998	Parabolic	-161.49940000000001	-159.1765	-156.8203	-154.42949999999999	-152.1772	-149.53800000000001	-147.03370000000001	-144.488	-142.2714	-139.643	-136.58000000000001	-133.84530000000001	-131.0564	-128.2099	-125.7214	-123.6113	-120.1622	-117.5124	-114.8047	-111.5669	-108.71899999999999	-105.30410000000001	-102.79900000000001	-99.713909999999998	-96.535160000000005	-93.807900000000004	-91.002759999999995	-88.112430000000003	-85.128360000000001	-82.040469999999999	-78.836699999999993	-75.502449999999996	-72.729190000000003	-69.111850000000004	-66.080330000000004	-62.08963	-59.570729999999998	-56.041040000000002	-53.244219999999999	-49.274340000000002	-46.077539999999999	-42.646050000000002	-38.917900000000003	-34.797989999999999	-31.759160000000001	-28.400030000000001	-24.58972	-20.072959999999998	-16.48922	-13.46203	-10.033099999999999	-6.7299860000000002	-3.4752200000000002	-1.737592	0	1.737592	3.4752200000000002	6.7299860000000002	10.033099999999999	13.46203	16.48922	20.072959999999998	24.58972	28.400030000000001	31.759160000000001	34.797989999999999	38.917900000000003	42.646050000000002	46.077539999999999	49.274340000000002	53.244219999999999	56.041040000000002	59.570729999999998	62.08963	66.080330000000004	69.111850000000004	72.729190000000003	75.502449999999996	78.836699999999993	82.040469999999999	85.128360000000001	88.112430000000003	91.002759999999995	93.807900000000004	96.535160000000005	99.713909999999998	102.79900000000001	105.30410000000001	108.71899999999999	111.5669	114.8047	117.5124	120.1622	123.6113	125.7214	128.2099	131.0564	133.84530000000001	136.58000000000001	139.643	142.2714	144.488	147.03370000000001	149.53800000000001	152.1772	154.42949999999999	156.8203	159.1765	161.49940000000001	-11.200002630999998	-10.9459	-10.680300000000001	-10.3834	-10.091699999999999	-9.7370000000000001	-9.3879999999999999	-9.01	-8.6760000000000002	-8.2629999999999999	-7.7729999999999997	-7.3319999999999999	-6.8639999999999999	-6.3879999999999999	-5.9649999999999999	-5.6070000000000002	-5.0170000000000003	-4.5670000000000002	-4.1079999999999997	-3.5649999999999999	-3.0960000000000001	-2.544	-2.1480000000000001	-1.6739999999999999	-1.2030000000000001	-0.81399999999999995	-0.432	-5.5E-2	0.309	0.66200000000000003	0.999	1.3149999999999999	1.552	1.8140000000000001	2.0009999999999999	2.1930000000000001	2.2869999999999999	2.3650000000000002	2.39	2.359	2.2839999999999998	2.16	1.9490000000000001	1.6359999999999999	1.3520000000000001	0.98099999999999998	0.48799999999999999	-0.19800000000000001	-0.82199999999999995	-1.403	-2.1240000000000001	-2.88	-3.6869999999999998	-4.1399999999999997	-4.6120000000000001	-5.09	-5.5629999999999997	-6.4429999999999996	-7.3232999999999997	-8.2241	-9.0060000000000002	-9.9169999999999998	-11.042999999999999	-11.971	-12.772	-13.478	-14.414	-15.234999999999999	-15.965999999999999	-16.626000000000001	-17.416	-17.948	-18.59	-19.039000000000001	-19.693000000000001	-20.170000000000002	-20.693999999999999	-21.061	-21.475999999999999	-21.83	-22.145	-22.4	-22.614999999999998	-22.789000000000001	-22.923999999999999	-23.026	-23.087	-23.091999999999999	-23.05	-22.952000000000002	-22.8	-22.611000000000001	-22.382000000000001	-22.02	-21.75	-21.4	-20.94	-20.422999999999998	-19.867000000000001	-19.164000000000001	-18.506	-17.901	-17.146999999999998	-16.359000000000002	-15.457000000000001	-14.641	-13.712	-12.752000000000001	-11.739991164000001	x [m]


Combied stresses, top face [MPa]
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