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Summary. Information about various Ukrainian and international national standards in the field of 

design and installation of polymer pipes with hollow walls is given. The strength of cellular wall polyethylene 

pipes placed in the soil is calculated. The choice of the calculation formula for determination of relative pipe 

deflection depending on the features of its operation is substantiated. The critical deflection of such structures on 

this basis is determined, therefore, it is recommended to calculate the strength of the cellular pipes placed in the 

soil according to the size of deflection, which should not exceed the critical value. 
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Problem setting. Water drain and water supply engineering systems and other pipeline 

systems without which we cannot imagine appropriate functioning of modern society are of key 

importance among all engineering facilities. A considerable part of such systems have 

exhausted their potential and require reconstruction. Thus the problem of functional and 

effective means of new pipeline systems construction and reconstruction of existing ones 

occurs. In this regard the use of plastic pipes for engineering systems fully confirm with the set 

problem. Such pipes have many advantages in comparison with metal ones. Besides while in 

operation in different environments the functional capabilities of polymer pipes are wider. 

However polymer pipe constructions of large diameters with the solid section of the wall do 

not provide optimal mass capacity. For this reason lighter constructions with hollow walls are 

used. One of the versions of such structures is polymer thin-walled products with pipe-like 

profile of the wall (Fig. 1, 2). 
 

 

 

 

Figure 1. Cellular single-layer pipe 

 

Figure 2. Scheme of the cellular pipe wall 

 

They are called cellular [1]. Cells production technology is continuous process of 

winding on the special drum-type device of water supply polyethylene pipes with diameter 

20÷110 mm with the simultaneous extrusion welding between the windings. Cellular pipe 

constructions are made of PE-80 and 100 polyethylene. Cells are mainly used for construction 
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of low-pressure industrial drain and sewerage systems as well as for various mines, shafts and 

tanks. 

Analysis of the known research results. Cellular pipe constructions are placed mainly 

in the soil where they are subjected to its steady load. That is why while designing such pipeline 

systems the calculation of strength providing their reliable operation is of high priority. At the 

same time suggestions of calculation and design of polymer pipeline systems with structured 

walls and cells in particular in listed above regulatory documents [2 – 8] are not sufficiently 

specified. Thus according to [2, 4] the strength calculation of pipelines for external sewerage 

system should be carried out according to the methods given in this papers. These methods have 

general character and are based on deformation criterion mainly concerned with pipes having 

solid walls and it is hardly adapted to the pipes with structured wall. At the same time in [2] 

while calculating pipeline strength the use of the pipes producers software package is 

acceptable. Standard [5] does not determine specific rules for calculation of plastic pipeline 

system strength. 

As for worldwide standards in the field of design of polymer pipeline systems in soil, 

their strength is estimated chiefly according to the vertical diameter reduction value 

(deflection). Properly speaking the deflection itself does not directly deal with the construction 

edge state but existing large deflections indicate sufficient deformations in the construction wall 

resulting in capacity loss. The pipe deflection is also very easy to be checked. 

The overwhelming majority of equations for determination of pipe deflection is 

represented in Spengler’s formula as follows [11, 12]: 
 

sn cSbS

aq

D 



, (1) 

 

where   – being pipe deflection; 

          D  – being pipe mean diameter; 

            q – being load intensity caused by the weight of the soil located above the pipe; 

         nS  – being pipe stiffness specified as ring [2, 4]; 

         sS  – being soil stiffness; 

    a, b, c – of steel. 

The simplest method of load intensity determination q provides assigning vertical 

pressure of the soil filling uniformly distributed along the trench width and relatively equals 

[13] 
 

Hq  , (2) 
 

where H is the soil filling height, γ is the soil specific weight. The other methods of calculation 

of the active soil pressure on the pipe are based on Martson’s theory [14]. He assumed that 

friction planes were formed along the trench walls effected by friction forces taking up the part 

of filling weight. According to Martson’s theory [15, 16] the value of pressure on the pipe is 

lower than that calculated due to formula (2). Assuming the set of suppositions and 

simplifications while determining the active pressure according to Martson’s theory indicated 

for example in [15], the vertical load on the pipe from the soil is as follows: 
 

VHq  ,  
 

where coefficient 1V . There is no clear choice of parameter V  [15, 17, 18] 

Theoretically the ring stiffness is calculated by formula [2]: 
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3
D

EI
Sn  ,  

 

where E is the elasticity modulus of the pipe material; I is the inertia moment of the pipe wall 

profile on its length unit.  

As a rule the soil stiffness is assumed as the soil secant modulus sE  [15, 19]. The values 

a, b, c in Spengler’s formulas (1) are also different for various worldwide standards. The most 

widely used formulae for relative deflection determination are given in table 1. 
 

Table 1 

 

Basic calculation formulas for the determination of  the underground pipelines deflection [20] 

 

National 

construct

ion rules 

Russian English French German Swedish 

D


 

sn ES

q

 06,08

11,0
 

sn ES

q

 06,08

1,0
 

sn ES

q

 244,016

083,0
 

sn ES

q

 08,016

1,0
 

sn ES

q

 122,016

083,0
 

 

The relative deflection Δ/D is limited by the critical value for providing different safety 

objectives including: boundary deformation or bending stress, avoiding local or general 

durability loss. The deflection less than critical one ensures avoiding of the loss of construction 

capability. Different limitations for polymer pipe deflection are suggested. The typical 

suggestions of deflection limits from internal diameter in per cent are as follows: 

• 8% – deflection during design [21]; 

• 8% – construction standard for plastic pipes according to CEN [22, 23]; 

• 6% – German construction standard ATV; 

• 6% – after 12 months [24]; 

• 5% – after construction [24]; 

• 5% – for limitation of global durability loss [25]. 

The results of full-scale investigations of polypropylene pipes with structured walls 

located in the soil are given in paper [26]. The results indicate that after 1 year of operation the 

maximum deformation of all pipes was less than 5%. 

The discussion concerning the determination of calculating deflection shape and critical 

value setting is not completed. Hence the choice of adequate calculation formula for deflection 

and determination of critical deflection is necessary for calculation of cellular pipe strength. 

Key calculation formulas for cellular pipe strength determination. To determine 

which of the formulas given in table 1 is the most adequate for cellular pipes we used the 

following calculation scheme. The cellular tube is calculated for two load schemes. The first 

scheme deals with vertical force with intensity q taking into account contact soil pressure  . 

The second scheme (Fig. 3b) suggests pipe sinking into the soil. The contact soil pressure is 

given in accordance with Winkler’s type model considering „rebuffless“ areas [27]. 
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Figure 3. Scheme of cellular pipe loading (cross section): with rigid base (a); sinking into the soil (b) 

 

The calculation of stress-strain state of cellular pipes according to the given load 

schemes was performed in [28, 29]. The researches resulted in possibility to choose and transfer 

the standards of polyethylene pipes design with solid walls to the pipes with hollow structure. 

For load schemes of the cellular construction influenced by the soil (Fig. 3) the change of 

relative deflections (vertical diameter reduction) of the cellular pipe %100 D  (solid lines) 

was calculated depending on soil secant modulus sE . The values 26q  kPa and ring stiffness 

2nS  kPa (Fig. 4a) and 4nS  kPa (Fig. 4b) were used in calculations. The results given in 

Fig. 4 were compared with the deflection calculations obtained and developed in accordance 

with the worldwide construction standards (Russian, German and Swedish according to Table 

1) for solid polyethylene pipes (dot line). Thus curve 2 conforms with deflection calculations 

according to Russian construction standards of underground pipelines design (Table 1); curve 

3 – German construction standard; curve 4 – Swedish one and formula. 
 

  
 

Figure 4. Dependence of relative deflection Δ/D·100% of long cellular pipe on the soil secant modulus sE  : 

a – calculateons for the first load scheme; b – for the second one. 
 

It is found that for the first load scheme (see Fig. 4a) the largest compliance is with 

Russian standard but for the second one (see Fig. 4b) – with German. 

To determine the critical deflection of plastic pipes two calculation criteria are usually 

used [15]: 

- providing permissible stresses: cr  ; 

- providing permissible deformations: cr  . 

The pipes made of thermoplastic materials, polyethylene for example, are often 

calculated taking into account permissible stresses, i.e. according to the first criterion. The 

MPa 
MPa 
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investigations of polyethylene pipes under the influence of internal hydrostatic pressure make 

it possible to develop international standards [30, 31]. Permissible loads on investigated 

constructions can be determined if: 
 

MRSmax , (3) 
 

where   is ring load in the hollow (cellular) pipe wall, MRS is minimum long duration strength 

[30, 31], i.e MRS – strengths, resulting in extrapolation of the results of polyethylene pipes 

testing on strengths to internal hydrostatic pressure for 50 years service time. Polyethylenes of 

PE-80 and PE-100 types have MRS=8 МPа and 10 МPа relatively. 

Applying theoretical results for estimation of the cellular pipes strain-stress state [28], 

on the basis of criterion (3) we defined critical deflections for cellular pipe depending on soil 

stiffness and pipe ring stiffness (Fig. 5). 
 

 
 

Figure 5. Dependence of critical deflection on the soil secant modulus: 

1 – ring stiffness Sn=2 kPа; 2 – Sn=4 kPа; 3 – Sn=8 kPа 
 

Due to the results shown in Fig. 5 we can give recommendations for determination of 

reliable service period of polyethylene pipes with hollow (cellular) wall structure. In order to 

do this it is necessary to perform the following inequations: 

If we take polyethylene of PE-100 type, then 
 

%5%100 


D
, (4) 

 

In case with ПЕ-80 type providing 
 

%4%100 


D
. (5) 

 

The deflection of the cellular pipe is defined by formula 
 

sn ES

q

D 




06,08

11,0
, (6) 

 

Conforming with Russian construction standard. 

It is evident from formulas (4) – (6) analysis that the strength of cellular pipes located 

MPa 
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in soil considerably depends on the soil type and its firming. 

Conclusions. The influence of soil on strain-stressed state of polyethylene pipes with 

hollow wall structure is investigated. It is determined that in order to calculate deflections it is 

necessary to apply Russian standard in case of rigid trench base. In case of soft soil settlement 

the calculation and design of pipes should be done in accordance with German construction 

standard. Hence the critical value of relative deflection of polyethylene pipe with hollow wall 

structure is 5% for polyethylene of PE-100 and 4% for PE-80 type. 
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Резюме. Наведено інформацію про різні українські та міжнародні національні стандарти у сфері 

проектування і монтажу полімерних труб зі пустотілими стінками. Проведено розрахунок на міцність 

стільникових труб, укладених у ґрунт. Обґрунтовано вибір розрахункової формули для встановлення 

відносного прогину труби залежно від особливостей її експлуатації. На цій основі встановлено критичний 

прогин таких конструкцій. Відповідно рекомендується розрахунок на міцність стільникових труб, 

заглиблених у ґрунт, проводити за величиною прогину, що не повинен перевищувати критичного значення. 

Ключові слова: поліетиленові стільникові труби, проектування, розрахунок на міцність, кільцева 

жорсткість, відносний прогин труби. 
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