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PIPELINE RELIABILITY LEVEL FOR THE DIFFERENT 

COLLAPSIBLE STRATA 
 

Probabilistic analysis of the loessial collapsible soil deformation modulus in the water 

saturated for two areas of pipeline laying in the Poltava and Kherson region were performed. 

Respective distributing laws and statistics were obtained. With help of Ansys finite element 

simulation was performed in the form of the Monte-Carlo method. Pipeline deformation in the 

loessial collapsible strata local soaking area was modeled; internal operating pressure and 

temperature difference were considered. Pipeline failure probability by longitudinal stresses 

parameter in the fine sand soil was obtained, random functions stochastic apparatus was 

used. Pipeline failure probability by longitudinal stresses parameter with similar geometric 

parameters and internal operating pressure simulation results were compared with the base 

composed by fine sand and loessial collapsible strata 7 and 13 meters.  

Keywords: buried main pipeline, loessial collapsible strata, longitudinal stresses, 

reliability level. 
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ІМОВІРНІСТЬ БЕЗВІДМОВНОЇ РОБОТИ ТРУБОПРОВОДУ  

ДЛЯ РІЗНОЇ ПОТУЖНОСТІ ПРОСАДОЧНОЇ ТОВЩІ 
 

Виконано імовірнісний аналіз модулю деформації лесового просадочного ґрунту у 

водонасиченому стані для двох ділянок прокладання трубопроводу Полтавської 

області та Херсонщини. Отримано відповідні закони розподілу та статистики. За 

допомогою методу Монте-Карло, у формі методу скінченних елементів, проведено 

імовірнісне моделювання трубопроводу на ділянці локального замочування масиву 

лесового ґрунту із врахуванням внутрішнього робочого тиску і температурного 

перепаду. За допомогою імовірнісного апарату випадкових функцій отримано значення 

надійності трубопроводу прокладеного у мілкому однорідному піску. Порівняно 

результати моделювання трубопроводу з однаковими геометричними параметрами 

та внутрішнім робочим тиском для основи складеної мілким піском та просадочною 

товщою різної потужності 6,2 та 13 м. для трубопроводу  Отримано значення  

імовірності безвідмовної роботи трубопроводу за параметром поздовжніх 

напружень.  

Ключові слова: підземний магістральний трубопровід, лесова просадочна товща, 

поздовжні напруження, імовірність безвідмовної роботи. 
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Introduction. Main pipeline linear part MPLP soil basis differential settlements lead to 

additional longitudinal stresses in the pipeline walls, destruction of anti-corrosion coating and 

reduce pipeline durability [1 – 6]. In addition, MPLP large deflection may cause formation of 

gas hydrates in places of «local hollows» that confirms necessity of the different settlements 

regulation.  

Large values of the MPLP differential settlements are typical for pipeline laying in non-

standard soil conditions. Non-standard soil conditions are such conditions when there are 

pipeline layer designed in areas with the following characteristic features [1, 3, 7]: swamp or 

flooded areas, areas with underground cavities of various nature (mining and mine 

construction zones, areas with karst cavities, etc.), thawing permafrost areas, landslide 

territories, seismic zones. 

For Ukraine loessial collapsible soils are very common problem, because such soil 

occupy 65 – 70% of the territory.  Such problem is especially urgent for the southern region, 

where loessial layer reaches 45…50 m, and the value of the soil collapse from its own weight 

may occur 1…2 m [8 – 10]. 

Analysis of recent sources of research and publications. MPLP differential 

deformations in swelling clays investigation show that pipeline, with dimensions 

1220 × 22 mm, has longitudinal stress σl = 165 MPa, for soil movements 310 mm on the wave 

longitude about 50 m [2]. In area of thawing permafrost on the wavelength of 38 m soil local 

deformations is 158 mm. In those conditions pipeline, with dimensions 1220 × 32 mm, has 

longitudinal stress about σl = 100 MPa [1]. It should be noted that both of the researches were 

made basing on the hypothesis of equivalence between soil differential settlements and 

pipeline deformations [1, 2]. 

Deterministic calculations for the similar soil conditions typical in Ukraine – loessial 

collapsible soil showed quite close results [11]. It should be mentioned, that for soil it is used 

linear model with soil deformational modulus in the natural and water saturated state. For 

example, in the loessial collapsible 9 m strata settlements which are determined by the 

engineering technique, Sslg = 266 mm pipeline, with external diameter 1000 mm, have follow 

deformations and longitudinal stresses. Results are presented for different type of contact 

between soil and pipeline. Bonded contact was chosen as most relevant.  
 

Table 1 – Soil settlements, pipeline deformations and longitudinal stresses  
 

FEM Simulation Soaked area 

length, L, m 

Pipeline wall 

thickness, 

 t, mm 

Measured 

Value 
Bonded Frictional Contact is 

absent 

Sslg, мм 285 285 290 

Ssl
pipe

, мм 284 421 422 10 

σdif 
max(min)

, МПа +169 -195 +142 -147 +155 -143 

Sslg, мм 285 285 285 

Ssl
pipe

, мм 285 411 417 15 

σdif 
max(min)

, МПа +138 -166 +126 -133 +137 -135 

Sslg, мм 292 285 285 

Ssl
pipe

, мм 288 296 411 

 

50-65 m 

(water 

spreading  

from top  

to down) 

20 

σdif 
max(min)

, МПа +129 -145 +121 -121 +128 -127 
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Highlighting of unsolved parts of the problem. Pipeline strength in a nonstandard soil 

conditions is investigated. The next step in improving calculation methodic is to determine 

pipeline reliability level [4, 12] on longitudinal stresses parameter σl. There are four main 

input random variables RV, which define pipeline reliability by longitudinal stresses 

parameter: pipeline steel yield strength y
~σ , internal operating pressure value P

~
, temperature 

difference t
~∆ , uneven settlement value, which almost fully determinate value of the bending 

stresses difσ~ . Stochastic parameters of the first three factors are investigated. According to 

geotechnical problems of Ukraine, loessial collapsible soil deformational modulus in the 

water saturated state and its stochastic parameters are the most interesting parameter for us. 

Soil local collapsible settlements from its own weight 
gsS
l

 and respective bending stresses  

difσ  could be obtained with help of Ansys probabilistic simulation.  

Purpose of the work is to determine relevant distribution and statistics for the loessial 

collapsible soil deformational modulus in the water saturated state. Obtain pipeline 

longitudinal stresses and respective failure probability.  

Collapsible soil stochastic characteristics estimation. Engineering data of the 

geotechnical researches in the Kherson city – Object #1, and Poltava region – Object #2 

(fig. 1) are taken as statistical material. Should be noted, that area of the Object #2 is right on 

the pipeline route, samples were taken during the pipeline isolation repair. 

 

  
 

   
 

Figure 1 – Loess soil sampling during the pipeline isolation repair works 
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Statistical data of the Object #1 were taken from 10 bore pits, with 13 m depth. Soil 

samplings were conducted over 1 meter [9] in rings, with further uniaxial compression test. 

During the research four geological elements were allocated: Strata-1 – vegetation layer 

(Loamy black soil, loose, solid); Strata-2 – loess loam, brownish-yellow, carbonate, light 

silty, in natural state solid in the saturated state fluid, macroporous, collapsible; Strata-3 – 

sandy loess loam, yellow, carbonate, silty, in natural state solid in the saturated state fluid, 

macroporous, collapsible; Strata-4 – loess loam, yellow-brown, brown, carbonate, heavy silty, 

in natural state solid in the saturated state fluid. Strata-5 – noncolapsible loam. During the 

geotechnical investigations groundwater level wasn’t found.  

General sampling of the Object #1 physical and mechanical soil properties was 128 

elements: where Strata-2 – 52,  Strata-3 – 48, Strata-4 – 28. Soil layers thickness were 

assigned as following: Strata-1 – 0.6 m,  Strata-2 – 4.6 m, Strata-3 – 4.9 m, Strata-4 – 2.9 m, 

total 13 m (fig. 2. a). Underlying Strata-5 – 2 m. Physical and mechanical properties of the 

array are shown in the table. 2.    

Object #2 statistical was taken from the bore pit from the 2,3 m depth. Three soil layers 

were singled: Strata-1 – vegetation layer (Loamy black soil, loose, solid); Strata-2 – sandy 

loam, light-brown, silty, in natural state solid in the saturated state fluid, macroporous 

collapsible; Strata-3 – loam grey heavy silty solid noncollapsible. General sampling of the 

Object #2 mechanical soil properties was 24 elements. During the geotechnical investigations 

groundwater level wasn’t found. Soil layers thickness were assigned as follow:  

Strata-1 – 1.1 m, Strata-2 – 6.2 m, Strata-3 – 2 m, total 9 m (fig. 2. b). Physical and 

mechanical properties of the array are shown in the table. 3.    

 

 

 

Figure 2 – Design model of the system «MPLP – loessial soil» local soaking: 

a - soil conditions Object #1;  b - Object #1 
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Table 2 – Physical and mechanical properties of Object #1 loessial basis  
 

Numerical values 
Soil properties 

Strata 1 Strata 2 Strata 3 Strata 4 Strata 5 

Strata thickness, h, m 0,6 4,6 4,9 2,9 2,0 

Soil density, ρ, kg/m
3
 1500 1568 1568 1627 1860 

Saturated soil density, ρsat, kg/m
3
 1840 1885 1797 1848 - 

Void ratio, e - 0,91 0,94 0,86 - 

0,05 - 1,1 1,0 1,0 - 

0,10 - 2,2 2,0 1,9 - 

0,20 - 4,8 4,5 4,3 - 

Relative 

collapsibility, εsl, %, 

for pressure, 

P, MPa 
0,25 - 6,0 5,4 5,1 - 

natural conditon 12,4 13,2 14 15 Deformation 

modulus, Es, MPa 

(respective pressure 

range) 
water saturated state 

6 
4,7 3,3 2,72 - 

natural conditon 0,31 0,33 0,33 0,32 0,31 
Poisson ratio soil, µ  

water saturated state - 0,35 0,35 0,34 - 

 

Table 3 - Physical and mechanical properties of Object #2 loessial basis  
 

Numerical values 
Soil properties 

Strata 1 Strata 2 Strata 3 

Strata thickness, h, m 1,1 6,2 2,0 

Soil density, ρ, kg/m
3
 1500 1495 1860 

Saturated soil density, ρsat, kg/m
3
 1840 1840 - 

Void ratio, e - 1,08 - 

0,05 - 1,3 - 

0,10 - 3,0 - 

0,15 - 4,2 - 

Relative collapsibility, 

εsl, %, for pressure,  

P, MPa 
0,20 - 5,6 - 

natural conditon 12 Deformation modulus, 

Es, MPa water saturated state 
6 

2,8 
14 

natural conditon 0,31 0,33 0,31 
Poisson ratio soil, µ  

water saturated state - 0,35 - 

 

Each soil strata was tested for the uniaxial compression with different pressure intervals 

for Object #1 (σ = 0,05…0,1; 0,1…0,2; 0,2…0,25 МPа) and for the Object #2 (σ = 0,05…0,1; 

0,1…0,15; 0,15…0,2 МPа). It is necessary because soil deformation modulus is variable for 

each pressure interval [13] and to get most correct results during FEM it is set its value based 

on actual pressure range (fig. 2 a, b). In the scope of the current paper there only graphs are 

included used for the following probabilistic simulation (fig. 3). 
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Figure 3 – Water saturated soil 

deformation modulus ESAT, 

МPа 
Object #1 Strata-2  

for the pressure range 

 0,05 - 0,1 МPа 
 

 

 

 

Object #1 Strata-3  

for the pressure range 

 0,1 - 0,2 МPа 
 

 

 

Object #1 Strata-4  

for the pressure range 

 0,2 - 0,25 МPа 
 

 

 

Object #2 Strata-2  

for the pressure range 

 0,1 - 0,2 МPа 
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Table 4 – Normal, lognormal, exponential distributions, statistics for water saturated 

loessial collapsible soil in water saturated state Еsat 
 

Stochastic 

parameters 
М1 М2 М3 М4 Х  Х

)
 µ3 µ4 

∧

X  
%,ν  xA  xE  Distr. 

Pearson 

criteria 
2

.дослχ  

( )2

.таблχ  

Object #1 Strata-2 – loess loam, brownish-yellow, carbonate, light silty, in natural state solid in the 

saturated state fluid, macroporous, collapsible 

Norm. 31,4(14,1) 

Log. 7,1(14,1) 

Еsat, МPа,  

σ = 0,05…0,1 

МPа 

1,17 7,89 49,29 349,8 
4,66 

(1,28) 

14,93 

(0,52) 
85,86 349,8 

3,9 

(0,72) 
0,83 1,49 1,18 

Exp. 11,6(15,5) 

Object #1 Strata-3 – sandy loess loam, yellow, carbonate, silty, in natural state solid in the saturated 

state fluid, macroporous, collapsible 

Norm. 53,2(14,1) 

Log. 9,9(14,1) 

Еsat, МPа,  

σ = 0,1…0,2 

МPа 

1,40 6,29 39,58 288,4 
3,27 

(0,96) 

5,75 

(0,43) 
28,48 228,0 

2,40 

(0,66) 
0,73 2,07 3,89 

Exp. 25,3(15,5) 

Object #1 Strata-4 – loess loam, yellow-brown, brown, carbonate, heavy silty, in natural state solid in 

the saturated state fluid 

Norm. 8,4(14,1) 

Log. 1,8(14,1) 

Deformation 

modulus Еsat, 

МPа, pressure 

range σ = 

0,2…0,25 

МPа 

0,84 2,92 9,61 39,85 
2,72 

(0,92) 

1,29 

(0,16) 
1,53 6,34 

1,13 

(0,4) 
0,42 1,03 0,76 

Exp. 16,5(15,5) 

Object #2 Strata-2 – sandy loam, light-brown, silty, in natural state solid in the saturated state fluid, 

macroporous  collapsible; 

Norm. 7,7(9,5) 

Log. 1,5(9,5) 

Deformation 

modulus Еsat, 

МPа, pressure 

range σ = 

0,1…0,15 

МPа 

1,58 5,5 24,8 129,0 
2,79 

(0,9) 

2,19 

(0,25) 
4,19 19,21 

1,48 

(0,50) 
0,53 1,28 0,97 

Exp. 9,1(11,1) 

Note: М1 – М4 – moments of 1-4 orders; Х  – mathematical expectation; Х
)

 – dispersion;  

µ3 –central point of the third order; µ4 – central point of the fourth order; σ – standard;  

v – variation ratio; А – asymmetry;  Е – kurtosis. 

In brackets values of key statistics for the lognormal distribution are shown. 
 

It was learned experience of the previous soil stochastic researches [13], therefore 

normal, lognormal and exponential distributions to approximate experimental data are used. 

Typical histograms and distributions curves for the water saturated loessial collapsible soil in 

water saturated state Еsat, are presented on the fig. 3, respective statistics in the table 4.  

Pearson criterion χ
2 

were chosen as criterion to estimate current distribution 

implementation possibility. Statistical analysis of the table 4. show, that lognormal 

distribution is the most relevant to approximate experimental data of the loessial collapsible 

soil deformational modulus in the water saturated state Еsat. as lognormal distribution is 

relevant for all mentioned sampling, and respective Pearson criterion value is the smallest 

comparatively with other distributions table 4.    

Above mentioned data confirm previous conclusions which prove that lognormal 

distribution is the most relevant for soil deformational modulus approximation, but it also 

essentially new because collapsible soils instead of  homogeneous sand embankments are 

investigated [13]. 
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Probabilistic simulation. Current normative documents in the MPLP design and 

construction make big focus on the hoop stresses ant operating pressure, in the same time 

longitudinal stresses from the soil differential settlements are almost ignored [14]. 

It is reasonable with help of FEM and direct mathematical simulation to compare failure 

probability of the similar pipeline in the different soil conditions. There is observed pipeline 

in the homogenous fine sands, and loessial collapsible strata with thickness 13 m Kherson city 

area (fig. 2 a) – Object #1 and 7 m Poltava region – Object #2 (fig. 2 b). Geometrical para-

meters of the MPLP, load deterministic and stochastic values for all variants is in the table 5.  

For the first variant soil strata without special properties are investigated, therefore it is 

reasonable to implement direct mathematical simulation. Pipeline as beam on the elastic base 

fits best. The further step is implementation of the pipeline differential equation stochastic 

solution in the form of the random functions (RF). 

For correct simulation parameters of the correlation function kx(ξ)of the soil conditions 

variability along the length of the pipeline (1, 2) and respective spectrum density Sr(ω)of this 

functions should be considered. It should be noted that, those parameters for correct 

simulations were included in the table 5. 
 

Table 5 – Input parameters to determine pipeline failure probability 
 

Parameter Designation Value 

External diameter 
exD , m 1,020 

Pipeline wall thickness t , m 0,0096 

MO pipeline steel strength 
yσ , kN/cm

2
 49 

Standard of the pipeline steel strength 
yσ̂ , kN/cm

2
 4,9 

The length of section L, m 6036 

MO of the soil backfill 
1

q , kN/m 32,1 

Pipe and isolation weight  ∑ −42q , kN/m 3,17 

MO of the linear coefficient of elastic foundations yoc , kN/m
2
 1347 

αξξ −= e)(k x  α , m
-1

 0,046 Correlation function parameters of 

the soil conditions variability along 

the pipeline length βξξ ξα
cose)(kx

−
=  

α , m
-1

 

θ ,  m
-1

 

0,023 

0,911 

Temperature difference MO t∆ , 
0
С 23,4 

Temperature difference standard  t̂∆ , 
0
С 1,74 

Operating pressure MO [12] p , kN/cm
2
 0,456 

Operating pressure standard [12] p̂ , kN/cm
2
 0,0314 

Heterogeneity coefficient β  1 
 

 

αξξ −= ek x )(  => 












+
=

22

22

0 1
)(

αωπ

αβ
ω

q
S r ,                                (2) 

βξξ ξα
cos)(

−
= ek x  =>  













++
+

+−
=

2222

22

0

)(

1

)(

1
)(

αθωαθωπ

αβ
ω

q
S r

,        (3) 

where β0 − heterogeneity coefficient that characterizes the variation of the total load on 

the pipeline;  

α, θ – correlation function parameters;  

ξ – shift between cross sections of the process, 1 m.  
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The relationship among soil condition heterogeneity RF and pipeline curvature RF [2] 

24

4

)(

)(
)(

yo

r

cEI

S
S

+⋅
=

ω

ωω
ωχ ,                                                  (4) 

where 0yc  − MO of the linear coefficient of elastic foundations. 

Standard of the bending moment M̂  RF )(
~

xM calculating with help of pipe bending 

stiffness  the bending EI  and pipeline curvature 2χ  
21

0

/

d)(SEIM̂ 







⋅= ∫

∞

ωωχ    .                                             (5) 

Pipeline reliability function is follow  

]Rsup[)L(Q)L(P yпозд
Lx

<=−= ∑
≤≤

σΡ
0

1 ,                              (6) 

where ∑
≤≤

позд
Lx

σ
0

sup  − an upper limit of the function ∑ поздσ  at the interval 

Lx ≤≤0 , а )(LQ  − pipeline failure probability on the interval L . 

Pipeline bearing capacity has normal distribution therefore whole function will have 

such distribution and failure probability will have form (6) [2, 5] 

)](5,0exp[)( 22

0 βγ −=LQ ,                                        (7) 

where 0γ  − characteristic maximum of RF )(~ xпозд∑σ ; β  − safety characteristic. 

According to [4] 







⋅

=
χ

χ

βπ
ω

γ
L

ln20 ,                                                 (8) 

where ωχω  − effective frequency of a RF. It characterize MPLP axis curvature and total 

longitudinal stresses variability; ωχβ  − RF broad badness ratio )(~ xпозд∑σ  [4]. 

21

00

2

/

d)(Sd)(S 







= ∫∫

∞∞

ωωωωωω χχωχ ,                                 (9) 

∫∫∫
∞∞∞









=

0

2

2/1

00

4 )()()( ωωωωωωωωβ χχχωχ dSdSdS .                     (10) 

Longitudinal stresses Y
~

 RF МО Y  and safety characteristic β  

      
F

NN
Y

pt

y

−
−=

∆
σ ,  

2

2

2

2

2

2

2 111
M̂

W
N̂

F
N̂

F
ˆ

F

NN

pty

pt
y

⋅+++

−
−

=

∆

∆

σ

σ
β                (11) 

 

According to [15] the most responsible objects, which failure leads to the biggest 

consequences class CC3, it must have failure probability lover then 1·10
-6

. Corrected values 

of the correlation functions (1) and (2) allow to obtain following  results from table 6, which 

shows that bending stresses doesn’t exceed 15 MPa and MPLP failure probability is much 

higher than needed values. These data show that in the homogeneous soils without special 

properties differential settlements are unimportant.   
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Table 6 – Modelling results of the MPLP longitudinal stresses failure probability  
 

Parameter Designation CF 1 CF 2 

Bending moment Standard M̂ , kNm 58,6 44,6 

Longitudinal (tensile) strength MO N , kN 3970 3970 

Longitudinal (tensile) strength Standard N̂ , kN 929 929 

Safety characteristic β  7,07 7,13 

RF effective frequency  ωχω , m
-1

 0,21 0,707 

RF broad badness ratio ωχβ  1,708 1,244 

Characteristic maximum of RF 0γ  3,305 2,49 

MPLP failure probability )(tQ  3,3·10
-9

 1,0·10
-8

 

 

Similar pipeline in the soil conditions fig. 2. a and 2 b is considered. There are 

collapsible strata 13 m and 7 m respectively. Deterministic characteristics of the soil strata are 

presented in the table 2 and 3. Stochastic parameters of the soil basis are shown  in the table 4. 

Stochastic parameters of the operating pressure and temperature difference are in the table 5. 

In general, design scheme can be shown as in the fig. 4. Soil deformations and respective 

longitudinal stresses for loads MO values are shown on fig. 4 b, c.  

With help of Ansys [16] probabilistic modelling in the Monte-Carlo simulation (fig. 5) 

form distributions and statistics for the soil deformations and pipeline stresses could be 

obtained. Modeling is performed for MPLP with wall thickness 10 mm for both soil 

collapsible strata (fig. 6), and for the wall thickness for which pipeline has normative failure 

probability – 1·10
-6

, table 7.  

 

 
 

 
 

 
 

Figure 5 –  FEM simulation with loads and influences MO values for the Object #1 soil 

conditions MPLP wall thickness t = 38 mm 
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Figure 6 –  FEM simulation results for different soil condition and 

 MPLP different wall thickness 
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Table 7 – MPLP FEM simulation results 
Parameter Designation Value Distribution 

МО 
midS , mm 340 Deformation in the middle 

 of the soil array  Standard 
midŜ , mm 29,0 

Normal 

МО 
boundS , mm 67 Deformation at the bound 

of the soil array Standard 
boundŜ , mm 1,6=>0 

Normal 

МО yσ , МPа 363,9 Pipeline total 

 longitudinal stresses, σl Standard yσ̂ , МPа 56,9 
Normal 

Safety characteristic β 2,39 

K
h

er
so

n
 R

eg
io

n
, 

E
st

im
a

te
d

 

w
al

l 
th

ic
k

n
es

s 
t 

=
 1

0
 m

m
 

MPLP failure probability )(βQ  8,2·10
-3

 

МО 
midS , mm 115,9 Deformation in the middle 

 of the soil array  Standard 
midŜ , mm 35,0 

Normal 

МО 
boundS , mm 39 Deformation at the bound 

of the soil array Standard 
boundŜ , mm 1,1=>0 

Normal 

МО yσ , МPа 258,2 Pipeline total 

 longitudinal stresses, σl Standard yσ̂ , МPа 67,1 
Normal 

Safety characteristic β 3,70 
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 Designation Value Distribution 

МО midS , mm 311,0  Deformation in the middle 

 of the soil array  Standard 
midŜ , mm 24,8 

Normal 

МО boundS , mm 59 Deformation at the bound 

of the soil array Standard 
boundŜ , mm 1,1=>0 

Normal 

МО yσ , МPа 2 Pipeline total 

 longitudinal stresses, σl Standard yσ̂ , МPа 24,6 
Normal 

Safety characteristic β 4,73 
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МО 
midS , mm 110,0  Deformation in the middle 

 of the soil array  Standard 
midŜ , mm 33,2 

Normal 

МО 
boundS , mm 39 Deformation at the bound 

of the soil array Standard 
boundŜ , mm 1,1=>0 

Normal 

МО yσ , МPа 207,7 Pipeline total 

 longitudinal stresses, σl Standard yσ̂ , МPа 50,8 
Normal 

Safety characteristic β 4,87 
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Conclusions. Lognormal distribution fits best for the probabilistic representation of the 

loessial collapsible soil deformation modulus in the water saturated state. The smallest values 

instead normal and exponential laws were confirmed by Pearson criterion. Pipeline with 

geometrical parameters 1020 × 9,6 (10) mm, similar internal pressure MPap 56,4= , and 

temperature difference Ct o4,23=∆ , has follow longitudinal stresses parameter failure 

probability for the different soil conditions: homogenous fine sand – 3,3·10
-9 

– 1,0·10
-8

 

(according to the correlation function), soil collapsible strata is about 6,2 m – 4,4·10
-4

, soil 

collapsible strata is about 13 m – 8,2·10
-3

. So, for soil basis without special properties it was 

obtained very low failure probability, instead for the non-standard (loessial) soil conditions 

having unacceptable failure probability value. Also high variation ratio for the soil 

deformations in the array middle and pipeline stresses could be observed, which is explained 

by very high soil deformation modulus variation ration and lognormal distribution. The latest 

make impact on the character of the output functions distribution. 

Mentioned design model with FEM simulation allows designing pipelines with pre-

calculated reliability level. For considered soil conditions normative failure probability 

reached for the wall thickness 30 and 17 mm for Kherson and Poltava region. 
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