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Streszezenie: Przedstawiono wyniki modelowania zmignnveh wanunkdw posadowienia rurociggu 2 rur ka-
mionkowych 1 wplywu tvch warunkdw na nosnos rur. Rury shuz do budowy pragwoddw kanaizacyjnyvch
metadami radyeyjnymi 1 bezwykopowymi. Celem badad symulacyjnyeh bvlo wyodrebnicnie najhardgicy
niekorzysinyeh schematdw podparcia rur, jakis mogg wystapid w preypadku Hego wykonania podsypki,
meszezelnodei polaczen lub ulozenia rurociage na podiozu o losowo zmiennych parametrach.

Abstract: Modelling results of variable bedding conditions for conventionally and trenchiessly in-
stalled sloneware pipes have been presented, The influcnee of the above-mentioned conditions on
pipe bearing capacity has also been described. The aim of the examination was to identify the worst
cises of pipe bedding resulting from wrongly prepured buckfill compaction, leaking joints or pipe
support of randamly variable parameters.

Pevtome: |Ipencranienni peavibTaThl MOJETHPORAHMA HIMEHAKNIHXCA YCIORH OCHORAHHA TPy Ganpo-
BUZM M3 KeDAMHROBLIX TPYD B BANANKR ITHX YCI0BHE Ba necyyw ciocobnocts TpyD. Tpylst ciyain
NOCTRORKE  KAHANDAIHOHKRI NPORMIOR TPATHIMOHKEIMK W DecTpamiieAkiMI MeTonami. [leasio
HMETILHONEEX HeeaezoBankil Guuo Buutcnenue nanbonee HCONAronpHATILIX CXCM KPCIICHNS TG,
KAKHE MOTYT BRICTYTIHTH R CyHde TIONOIO RRIMOAHEHMA DRANECTE, HENROTHOCTH COSIIMHEHHR HOM
UCHOBEIKA TPYOOIPOBOY HE GCHOBAIIHE CAYAHII0 HIMCIAIOUNINGE TPIMCTPOD.

1. INTRODUCTION

In traditional methods of pipe bearing capacity assessment, plane stress conditions
which reduce the computational model of pipe to a ring placed in soil are accepted
[4]. However. in practice, longitudinal performance of pipe has frequently a signifi-
cant impact on the overall pipe bearing capacity. Such situations arise for inappropri-
ately bedded pipes under the following conditions:

* backfill is improperly compacted,

*.pipe joints lost their leak-tightness during exploitation and sewage exfiltration
occurs which leads to pipe washout.

In the case of pipes installed using trenchless technologies, non-uniformity of
bedding conditions may be attributed to non-uniformity of surrounding ground which
is uncontrolled and modified during the installation process. Therefore pipes may be
locally supported by a stone, the remainder of ceiling walls or other elements termed
rigid point support. In the case of standard trench methods, bedding conditions may
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be easily made uniform by an appropriate compaction of backfill, whereas for
trenchless technologies there is no such a possibility. Moreover, because of inaccessi-
bility to the pipe capturing, it is extremely difficult to detect whether the bedding non-
uniformity affects in any way the pipe bearing capacity. Actual non-uniformity of
bedding conditions may be then assessed mainly on the basis of subsequent damages
to the pipe resulting from exceeding the limit stress due to longitudinal performance
following the installation. The problem gains in significance because of a rapid in-
crease in trenchless technologies’ popularity and their more and more frequent appli-
cation to construction of underground infrastructure.

Therefore, it is vitally important to quantify a potential rise of stress due to non-
uniformity of bedding conditions in order to find out whether this stress contributes
significantly to the overall sewer network failure rate.

2. NUMERICAL ANALYSIS ASSUMPTIONS

In order to describe the problem, the following variables affecting the pipe bearing
capacity were identified:

* pipe stiffness Efy [kNm?],

¢ pipe length Ly [m],

» external pressure gz [(kN/m],

* bedding flexibility C,[nmVkN] along the pipe axis,

* local overcompaction of bedding Cp [m/kN].

Total linear pressure gz [kN/m] is a sum of surcharge load and ground load.

In order to obtain the maximum values of bending moments, boundary conditions
representing stiff ground support were imposed on the central zone of the pipe. On the
basis of parameters of joints declared by manufactures [1], [2] it was assumed that pipes
were connected with hinges in the form of spigot and bell (trench methods) or couplings
making a kinematic chain. A computational static model based on the aforementioned
assumptions and proposed for further analysis was presented in figure 1.
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Fig. 1. Static model of pipe on Nexible bedding
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In the computational model adopted, the following assumptions and notation are
valid:

o the elements of pipeline are supported by flexible bonds of flexibility Cy,

o the pipeline is randomly and locally supported by bonds of flexibility Cp, and
Cp> C; condition is valid hergin,

o for flexibility C!, the magnitude of Cp varies in the range from C; ' to Cj,
where n =19,

e the concentrated load Pz [kN] is a resultant force of uniformly distributed pres-
sure ¢z [kN/m] exerted on a 0.10 m long section; the load is imposed on flexible
bonds being applied,

® R.denotes the distance between flexible bonds.

3. DATA PREPARATION FOR NUMERICAL ANALYSIS

The general formula for Winkler foundation stiffness is expressed as follows [1]:

K= 5 [MN/m’], (0
wh

where:

E, — deformation module for ground material [MPa],

w - coefficient dependent on shape and location of load [-],

B - width (diameter) of a pipe [m].

Factor K must not be considered a material property of an individual element, but
a characteristic of the foundation-bedding system, since it depends on ground propet-
ties and foundation geometry (pipe geometry in this case). In order to quantifly varia-
tion of bedding stiffness, the magnitudes of K.« and K., were calculated according to
formula (1) and results were presented in table 1.

Tahle 1
Magnitudes of the cocfficients &, and K.,
K " P, T Fiuii L1 ey [ Bra
[MMN/m] [MN/m) [MPa] [MPs] o | =] [m] Im]
2% 10 - 2% 10° - 1.00 - 0.10 -
- 10 - 10' - 2.00 - 0.50

19 magnitudes of the coefficient K assumed for computations were brought to the
resultants of pipe length and pipe width B accumulated for R = 0.1 m. For the bonds
obtained in this way the following parameters were assigned:



® length Lz = 1.00 m,

* modulus of elasticity Eys= 205 GPa,

* cross-sectional area Age [m°].
It has been assumed that bonds are linearly elastic and show infinitesimal stiffness
in the X-V directions (no buckling possibility).
Having compared the stiffness of bedding and bonds according to expression (2)
the derived cross-sectional area of individual spring (3) (bond) at assumed stiffncss K

amounts to:

Agp=
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KxRixB= M' (2)
L.S."‘
KXR XBXLyp = EyxRXLipXB _ EyxRoxLg, 3)

E}';I

EgpXwx B

Eooxw

The following variables were used in calculutions: the stiffness K [kN/m) or the
flexibility C [m/KN] whose reciprocal dependence is expressed by the formula:

E=K"

Sliffness and flexibility of assumed bonds

(4)

Table 2

X % fisp Lsp Agp Dgp=2R;
[kN/m] [m/kN] [kN/m’] [m] [m’] [m]
6.440 x 10° 1.553 % 107 205 x 10° 1.00 3,142 x 107 2.000 x 107
1.449 % 10' 6.901 x [0 205 % 10° 1.00 7.069 % 107° 3.000 x [0~
2.576 % 10° 3E82 % 107 205 x 10° 1.00 1.257 x 107 4.000 x 107
4,025 % 10° 2484 x 10~ 205 x 10° 1.00 1.964 x 107 5.000 x 10~
5796x10° | 1725x10" | 205x10° | 1.00 2.827 x 107 6.000 % 107
7.889 x 107 1268 %107 [ 205x10° | 1.00 3,849 x 10° 7.000% 107 |
L030x 10 [ 9709 x10°° 205 x 10° 1.00 5.027 x 107° £.000 % (0
1.304 % 10 7.669 % 10° 205 x 10° 1.00 6.362 x 107 9.000 x 10
1610 x 107 6211 x 107 205 x 10° 1.00 7.854 % 1077 100G x 10~
2.516x 10° 3975 x 107 205 % 10° 1.00 1.227 %10 1.250 = 107
| 3623 x10° 2.760 x 107 208 % 10° 1.00 1.767 x 10~ 1.500 x 107
| 4.931 x 10° 2028 x 107~ 205 x 10° 1.00 2.405 x 10~ 1.750 x 10~
6.440 % 10° 1.553 % 107 205 = 10° 1.00 3142 % 10~ 2.000% 107 |
1006 % 10° 9.940 % 10°¢ 205 = 10° 1.00 4,909 x 10~ 2.500% 10~ |
14492 10° | 6901 x10° 205 x 10° 1.00 7.069 x 10~ 3.000x 10"
1.972 x 10° 5071 x 107 205 x 10° 1.00 9.621 x 107~ 3.500 % 107
2.576 x 10 31882 % 107 205 % 10° 1.00 1.257 x 107 4.000 x 107
4.025 % 10° 2485 x I0°° 205 x 10° 1.00 1.963 % 10° 5.000 x 10
E+09 0.000 205 = 10° 1.00 E+09 E+09
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Mechanical parameters of the bonds obtained as above vary within the range of
0.644-25.16 [MN/m), which is presented in table 2. The values in lines 1-10 represent
flexibility of ground support, whereas those in lines 2-19 show possible variations in
ground support {lexibility in pipe surroundings. Stiffness and flexibility of bonds located
every 0.10 m were presented respectively in columns 2 and 3. In order Lo describe the sup-
port along the whole pipe, the values were accumulated for the unit pipe length of 1O m.
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Fig. 2. Structure ol a stoneware pipe
Table 3
Geomelric paramelers and failure forces for stoncware pipes
Diameter | Class | Strength dl 2 Length L [m]

[mm] [kMN/m] [mm] [mm] | 0.50 00 ) 125 ] 1.30 2.50
1000 - 34 100 131 - - + - - -
123 - 34 125 158 - - + - - -
150 — 34 150 186 - - - < - -
200 160 32 200 242 — + - + + -
200 240 48 200 257 - - — - + -
250 160 40 250 299 - - - = * —
250 240 60 250 a8 - - - - - -
300 160 48 300 355 — - - - + -
300 240 72 300 79 - = — - + +
350 160 56 350 417 - - = — ¥ -
350 160 70 350 430 - - - - - -
40 160 o4 400 486 = - - - +
4 2 80 400 493 = - - - - +
450 160 72 450 548 - - - - + =
S00 120 60 300 581 — — — - - 4
500 160 50 500 GO% - - - = = +
GOO 95 57 600 687 - - £ = = +
150 - - 151 186 + + = = = -
200 - - 200 244 - + - = - -
250 = = ol I | [ e e e e
300 = - 3nn 374 = 4 = = + =
400 = - 402 516 - + - - + 5
500 - - 503 620 = + = = + =
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Calculations were done for stoneware pipes available on the Polish market and de-
signed for traditional and trenchless pipeline laying. Structure of pipes designed for
installation in trenches is depicted in figure 2 and their main geometric parameters are
presented in table 3 [3].

Lines No. 1-17 comprisc data for pipes designed for traditional installation,
whereas in lines 18-23 data for pipes for trenchless technologies can be found.

4. MODELLING THE WORST CASE OF PIPE SUPPORT

As was mentioned in the introduction, considering the possible modes of distur-
bances of bedding continuity or uniformity, two general reasons for exceeding limit
stress in pipes due to longitudinal performance were identified:

* washout or compaction of soil in surroundings of pipe joints (spigot-and-bell or
coupling) caused by joint leakage,

= direct or indirect (through a ground layer) pipe bedding on “rigid point of support”.

Both cases led to a similar support model which was approximated by stiff support
in the central zone of the pipe laying on less flexible ground compared to that near
pipe ends (figure 3).

Fig. 3, Visualisation ol pipe support madel resulting from infiltzation through leaky joints

For such a support model, the culculations for 35 pipes from the series of types
shown in table 3 were donc.

5. RESULTS OF ANALYSIS

The influence of a higher flexibility of local pipe support Cr at the assumed bed-
ding flexibility C; on the values of bending moments in the middle of pipe was pre-
sentad in figure 4.

| ———
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Bending mament [kNm]

Flexibility of local support [m/kN]
Fig. 4. Maximum bending maments vs. Nexibilily of local suppon

Mecchanical response of pipe to varying bedding parameters at the assumed load
was analysed based on the values of accompanying bending moments, which allowed
control of correctness of modelled cases. As it is common for hyperstatic siructures,
an increase in element stiffness leads to an increase in bending moment. This depend-
ence was depicted in figure 5 as an example for the pipes of the following diameters:
2100, & 125, @ 150, @ 200 and 1,00 m in length.
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Rexibity of ool support [m/kN]
[-o Ppe DIOD —--- PpeDI25 —— Fpe D150 —— Fpe 0200 |

Fig. 5. Maximum bending moments vs. bedding flexibility for bedding model established

The values of maximum bending moments and stresses for the pipes shown in fig-
ure 4 are presented in table 4.
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Table 4
Bending momenls and stresses v, pipe diameter

Diameter Length Bending moment | Scetion modulus Stress

[mm} [m] [kNm] [m¥] [MPa]
100 1.00 2.07 0.000146 14.18
125 1.00 229 0.000236 9.70
150 1.040 2.41 0.000363 6.60
200 1.00 2.51 0.000742 3.38

Different values of bending moments are expected for pipes of constant diameter and

8.0
1.0
40
50
4.0
3.0
20

Hending moments (kNm|

0.1

0.2 0.3

0.4

0.3

Flexdbility of local support [m/kN]

varying length, load and bedding conditions. This dependence was determined herein
for pipes of @ 200 diameter and the lengths of 1.0 m, 1.5 m and 2.0 m (figure G).

07

length 1LOm

—=—=-Llengih L.5m

—lengih20m |

Fig. 6. Maximum bending moments vs, bedding flexibility for bedding model established

The comparison of maximum values of bending moments and stresses for pipes
shown in figure 5 is presented in table 3.

Tahle §
Bending moments and stresses vs. pipe length
Diameter Length | Bending moment | Section modulus Stress
[mm] [m] [kNm] [m’] [MPa]
200 1.00 2.51 0.000742 3,38
200 1.50 4.55 0.000742 6.13
200 2.00 7.30 0.000742 9.84
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6. CONCLUSIONS

Based on the analysis carried out, the following general conclusions can be drawn:

» the pipe bearing capacity was reduced by 60% due to variations in pipe bedding
paramaters,

* local variations of bedding compaction rate influence the pipe bearing capacity
more significantly than uniform but undercompacted or overcompacted bedding,

* higher values of internal forces and hence stresses were obtained by increasing
a pipe length,

* an increase in pipe stiffness generates higher values of bending moments, but
smaller values of the respective stresses due to increase in the section modulus.

¢ reduction of kinematic chain to only threc pipe clements causes discrepancy in
bending moments of the order of 6% (compared to cases No. 5, 7 and 9).
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