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Abstract: The present paper deals with the calculation of stresses on the pipeline system embedded on a flexible 
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1 Introduction 

Generally, the analysis of bending of beams on an elastic foundation is developed on the 

assumption that the reaction forces of the foundation are proportional at every point to the 

deflection of the beam at that point. The vertical deformation characteristics of the foundation 

are defined by means of identical, independent, closely spaced, discrete and linearly elastic 

springs. The constant of proportionality of these springs is known as the modulus of subgrade 

reaction, ks. This simple and relatively crude mechanical representation of soil foundation 

was firstly introduced by Winkler, in 1867.  The Winkler model, which has been originally 

developed for the analysis of railroad tracks, is very simple but does not accurately represents 

the characteristics of many practical foundations. One of the most important deficiencies of 

the Winkler model is that a displacement discontinuity appears between the loaded and the 

unloaded part of the foundation surface. In reality, the soil surface does not show any 

discontinuity (Fig. 1) [1].  

 

 

Fig. 1 Deflections of elastic foundations under uniform pressure p  

(a) Winkler Foundation. (b) Elastic solid 

The work is focused on the calculation of stress and safety pipe (beam) on a flexible 

substrate. Pipeline due to landslide slope change its deposit and thus the inside force effects. 

Such random change is unavoidable and should therefore be probabilistic evaluation to 
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determine the status of its security. To deal with the stress pipes (tubes) in the edge of the 

landslide slope. 

Investigate earth movement pattern, which result in a block movement of the slope of 

constant value towards stable ∆𝑣 part, the interface is defined by a single lateral cracks 

(Figure 2). Fold line pipe axis is shown by a solid line. Imagine oven gas, which is at the point 

of the block side edge of the landslide cut, these pipes will not drift with diffraction-loaded - 

remain straight (dashed). To these tubes get into the same state of strain, which caused 

landslide in continuous oven, we must not act in place of the cut internal force effects which, 

by antisymmetry task force represents Fo and of a size that caused by soil compression was 

just ∆𝑣 / 2 (Figure 2) [2]. 

 
Fig. 2 Schematic pipes with landslides 

 

Differential equation bending line beam on an elastic foundation is: 

𝐸𝐽𝑧𝑡

𝑑4 𝑣(𝑥)

𝑑𝑥4
= 𝑞(𝑥) = −𝑘𝑣(𝑥), (1) 

where k [N m-2] is the stiffness of the substrate is a continuous value of the load pipe, which 

corresponds to compression of the resilient unitary environment. 

Differential Equations we seek in the form: 

𝑣(𝑥) = (𝐴1𝑐𝑜𝑠𝜔𝑥 + 𝐴2𝑠𝑖𝑛𝜔𝑥)𝑒𝜔𝑥 + (𝐴3𝑐𝑜𝑠𝜔𝑥 + 𝐴4𝑠𝑖𝑛𝜔𝑥)𝑒−𝜔𝑥, (2) 

where EJzt is the bending stiffness of the beam, and 

𝜔 = √
𝑘

4𝐸𝐽𝑍𝑇

4

 (3) 

Since the infinite beam shows that the deformation in these locations is zero, it is clear that 

the constant A1=A2=0. 

Corresponding stress in the general direction at the point x to the relationship: 
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𝑀𝑜(𝑥) = −𝐸𝐽𝑍𝑇𝑣′′(𝑥) = −𝐸𝐽𝑧𝑡2𝜔2(−𝐴4𝑐𝑜𝑠𝜔𝑥 + 𝐴3𝑠𝑖𝑛𝜔𝑥)𝑒−𝜔𝑥 (4) 

𝑇(𝑥) = −𝐸𝐽𝑍𝑇𝑣′′′(𝑥) = −𝐸𝐽𝑍𝑇2𝜔2((𝐴3 + 𝐴4)𝑐𝑜𝑠𝜔𝑥 − (𝐴3 + 𝐴4)𝑠𝑖𝑛𝜔𝑥)𝑒−𝜔𝑥 (5) 

From the boundary conditions at the place edge beam we receive constants A4=0 

and A3=∆𝑣/2. 

Bending line beam in the place landslide, with one lateral crack. We get the following 

equation [2, 4]: 

𝑣(𝑥) =
∆𝑣

2
𝑒−𝜔𝑥𝑐𝑜𝑠𝜔𝑥 (6) 

Corresponding to the maximum stress of the lateral bending moment forces respectively in 

the general location X are: 

𝜎𝑜𝑚𝑎𝑥(𝑥) =
𝑀𝑂(𝑥)

𝑊𝑂
 (7) 

𝜏𝑇𝑚𝑎𝑥(𝑥) =
2𝑇(𝑥)

𝑆
 (8) 

For our case it was necessary to determine the status of voltage deformation tubes for the 

value landslide ∆𝑣 = 22.56 cm, and the mean diameter of the pipe d = 1200 mm with pipe 

wall thickness h = 17 mm, the value of the module to the base k= 960 Ncm-2. We expect 

modulus of elasticity E = 2.1x105 MPa. 

Software is used to calculate the Anthill, operated by Monte Carlo method. 

To calculate the probability of the above example it is clear that, in practice, we can’t 

consider the deterministic value to describe the actual state. Therefore, the input values are 

commissioned from a certain probability. ∆𝑣 for the value we defined probability function 

(Fig. 3) in order to best describe the state of shift that can occur on the beam [3-8]. 

 

 

Fig. 3 Input values ∆𝑣 

When entering constants in the calculation, we considered that each value has its variance. 

Young module E, the stiffness of the substrate, the mean wall thickness d and wall thickness h 

is seen in the Table 1. 
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Table 1 Input value 

 Maximum Minimum Mean Median 

E [Pa] 2.288e11 1.872e11 2.0801e11 2.0804e11 

K [Nm-2Pa] 9.984e6 9.216e6 9.5996e6 9.5990e11 

ds [m] 1.248 1.152 1.999 1.200 

h [m] 0.01768 0.01632 0.017 0.017 

 

 

Fig. 4 Maximum shear stress value 

 

 

Fig. 5 Maximum stress value 
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Fig. 6 Specified yield strength values 

If we think of steel whose yield strength Rp vary within certain limits, we can write the 

probability function in the form of RF = Rp-sigMmax resulting in: 

 

Fig. 8 Evaluation of the results 

CONCLUSION 

For practical calculation examples, it is clear that we can’t rely on a deterministic 

approach, given that all the input parameters have their variations, causing significant changes 

in the output parameters (voltage, and the deflection.). In case of landslide model with one 

lateral cracks (see. Figure 2) which we calculate using the anthill we came values Table 2, the 

probabilistic approach differs significantly from deterministic, when taking into account 

random changes of input parameters. 

As can be seen when comparing deterministic and probabilistic approach, the maximum 

values differ significantly (Table 2). 
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Table 2 Comparison of deterministic and probabilistic approaches 

 Deterministic 
approach 

Probabilistic approach 

Max. value Mean Media
n 

τmax 
[MPa] 

95 218 74 73 

σ [MPa] 288 661 223 216 

From probability calculations we can say that the probability of failure on the pipeline 

for our case is Pf = 1.019%. 
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