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EFFORT OF STEEL PIPE JACKING IN TERMS
OF IMPERFECTION PIPES AND HETEROGENEITY OF GROUND

Purpose. The article presents problem of the influence of local inhomogeneities of ground on the internal forces
in the steel pipe. Methodology. The authors presented the differences in the distributions of earth pressures for the
pipes. One of the most common methods is the microtunneling technology. The examples of numerical analysis by
finite element method (FEM) have been calculated. Findings. The results of numerical analysis are presented for
selected ground conditions and the distribution of internal forces in the flexible section of the steel pipe is also
shown. Originality and Practical value. The obtained results clearly show the influence of flexural rigidity of the
pipe on the internal forces, the influence of flexural rigidity and the soil stiffness on the size of the bending moments

in the steel of pipe jacking. They depend on the interaction of soil — steel pipe.
Keywords: steel pipe; finite element method; microtunneling; ground

Introduction

Modern technology construction method of un-
derground pipelines enables building of sewer
pipelines for lengths of over 500 m. It is possible
to make this without disturbing the existing infra-
structure. One of the most common methods is the
microtunneling technology. This technology al-
lows drilling the microtunnel hole by drilling ma-
chine where, after loosening the soil with high-
pressure water, excavated material is transported to
the surface of the ground. The pipe jacking is
pressed in place of the removed soil. This technol-
ogy and the various methods of calculation are
given in the book [6] and in the article [10]. Micro-
tunnel execution is preceded by the construction of
the starting shaft and receiving shaft. Before the
implementation of microtunnel the full recognition
of geological and engineering on the planned route
should be performed. Unfortunately even that it is
not possible to provide all the possible complica-

tions you may encounter during the implementation
of the collector using microtunnelling. Commonly
used methods of static analysis jacking pipes describe
the most common situations without considering ex-
ceptional situations such as the heterogeneity of
ground. Such situation is considered by the authors of
the study. The analysis is made for partially realized
microtunnel with a total length of 300 m. The steel
pipe has a diameter of 2 000 mm and thickness of 12
mm. Steel pipe will be a protective tube for the pipe-
line made under the river leading to a large sewage-
treatment plant.

Physical model. In this article an influence the
heterogeneity of soil and a flexural rigidity of the
pipe on the bending moments where presented. In
order to solve this problem, it was divided into two
stages. The first stage estimated the force on the
pipe jacking and the second stage included the anal-
ysis the heterogeneity of soil on bending moments.
The problem is shown in Fig. 1.
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The loads acting transversely to the axis of the
pipe. Modern analysis of static tunnels needs to
determine static scheme including the interactions
between the soil and pipe jacking. It is important to
choice the characteristics of elastic microtunnel
structures and to determine geotechnical parame-
ters of soil medium. Microtunnel in selected cross-
sections is considered. In order to perform the
analysis the following two distinctive sections
were chosen (Fig. 2).

On the basis of guidelines [1], [5] the load dia-
gram of the steel pipelines for a microtunnel was
adopted which is illustrated in Fig. 3.
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Fig. 2. The characteristic sections of computing

According to various proposals the width of the
solid ground was determined. It was a load on the
pipeline. The load induces a state of stress in the
walls of the pipe. It should be noted that the drill-
ing of microtunnel change the state of stress in the
ground. This was confirmed by the research field
and the numerical calculations. During the drill
microtunnel occurs reduction of the load ground on
the pipeline. This is a consequence of loosening
the soil in the area of vaults and transfer loads to
the ground on both sides of the pipe. This phe-
nomenon was studied among others by Terzaghi
and Houskawa based on the theory of the silo. The
necessary condition to reduce the load is large ver-
tical deformation in the key course. Using appro-
priate technological solutions in the implementa-

tion of microtunneling seeks to reduce the vertical
movements to a minimum, which results in that
only a small portion of the angle of internal friction
is mobilized in the plane of shear. It is known that
already at 10% of the value of the vertical move-
ment is mobilized half of the angle of friction. This
phenomenon allowing appoint an increased load on
the ground in areas of the lateral pipe. According
to silo theory (Terzaghi) 6 =¢"0,5 was accepted.

The results of calculating the width of the ground
solids of different proposals was illustrated in Fig.
4. The values of the vertical and horizontal loads
were calculated according to the following rela-
tionships.

Vertical load acting on the ground pipe
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Fig. 3. The load diagram
of the pipelines microtunnel by [5, 1]

Where: vy — volume weight of soil overburden con-
ductor; x — reduction factor taking into account the
stress distribution after completing of microtunnel;
h — thickness of the soil on the pipeline.

The reduction factor k from the expression was
determined:

2 Klg@)
—e b

2

K=

2-K1-tg(¢/2)-z

where K1 — coefficient of earth pressure on the
wall of the silo, KI1=1,0; b=d, -/3
The horizontal earth pressure at the height of

the key course of the pipe was calculated by the
following expression:
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and ¢ is the wall thickness of the pipe, 7, — radius
in the middle of the wall thickness, E, is the modu-

% bida

K2 = 4)

3.5

lus of elasticity of the pipe material, £, — the modu-
lus of elasticity of soil.

A common approach are the guidelines con-
tained in the ATV 161 E [1], so for numerical
analysis the width of the ground solid b = (3)"° x
d, was assumed. The load on the Terzaghi assump-
tions is shown below (Fig. 5). In the analysis the
distributions of internal forces for the various static
diagrams were compared. The loads for different
schemes are shown below (Fig.6, 7).
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Fig. 4. Comparison of the calculated b by different authors
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Fig. 5. The load a underground pipe with solid ground
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Fig. 6. The loads on a underground pipe by Hevett, Schultze, Volkov
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Fig. 7. The loads on a underground pipe by Bugajeva, Buzgryla, Pytkowski

a b
c d
Fig. 8. The bending moment in cross-section
from the ground pressure and weight of the pipe by:
a — Hevett, b — Schulze, Volkov, ¢ — Bugajeva, d — Buzgryla, Pytkowski
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Findings

Internal force diagrams for different schemes
are shown below (Fig.8). The results were com-
pared to the values calculated according to [1],
which is presented in Table 1.

The presented results of calculations have
shown that there are large differences in the values
of the internal forces determined on the basis of
proposals from different authors and they cannot
be directly compared. Differences result directly
from the assumptions regarding the scope and dis-
tribution of elastic supports describing the interac-
tion of soil — pipe. The consequence of these as-
sumptions is the distribution of soil along the pe-
rimeter of the steel tube, which also generates dif-
ferent distributions of internal forces. In order to
verify the above conclusions, numerical analysis
using finite element modeling system and geotech-
nical calculations Sofistik -Talpa [16] were per-

formed. Numerical model was made in the plane
strain. The calculations were made in several stag-
es the state of stress and strain as the initial condi-
tion for the next stage of the calculation. The mod-
el of Coulomb — Mohr’s with non-associated flow
rule in plasticity was calculated. For the analysis,
the following parameters were taken: angle of in-
ternal friction of soil ¢ = 31°, cohesion ¢, = 0 kPa,
the volume density of soil y = 18,5 kN/m’. In the
contact zone of the soil — pipe, special contact ele-
ments were used which were assigned a variable
coefficient of friction. Contact elements do not
carry the tensile forces. In order to take account of
the effect of a breach in the soil zone drilling area,
the model is divided into various material parame-
ters. It allowed to map the loosening of the soil and
its effect on the internal forces in the cross section
of the pipe.

Table 1
The bending moments in the pipe jacking
. ATV 161 Hevett Schulze, Volkov Bugajeva  |Buzgryla, Pytkowski
Bending moments
kNm kNm kNm kNm kNm
Mg;- key course -16,61 -13,50 7,20 -5,10 -10,30
ME,- side wall 17,38 11,70 0 0 -12,20
Mg;- invert -17,52 -9,95 2,21 -0,63 -2,37
MEe;
-
Legend Mez
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& sOFIsSTIK
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Fig. 9. An example of a numerical (FEM) model
of the interaction of soil — pipe
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In Fig. 10 one can see that the internal forces
are significantly different from the values deter-
mined by guidelines [1]. We can conclude that the
graph of internal forces has a similar distribution as
in the proposal Hevetta. In the case of the analysis
the flexural rigidity of the pipe is very important.
In order to grasp this fact, numerical analysis con-
trolling two parameters was made. First parameter

was the change of modulus of elasticity in the zone
of potential loosening of the soil and secend pa-
rameter was the change in the flexural rigidity of
pipe. For the analysis of the interaction pipe — soil
has been introduced a replacing flexural rigidity of
the pipe as a function of strain. Vertical displace-
ment of the pipe was calculated by the theory of
second order. It was shown in the Fig. 13.
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Fig. 10. Internal force diagrams without loosening of the soil in the area around the pipe,
(E =100 kPa). Steel pipe Dz = 2500 mm, ¢ =25 mm
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Fig. 11. Internal forces diagrams without loosening the soil in the area around the pipe,
(E = 50 kPa). Steel pipe Dz =2 500 mm, ¢ =25 mm
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Fig. 12. Internal forces diagrams without loosening the soil in the area around the pipe, (£ = 25 kPa).
Steel pipe Dz = 2500 mm, ¢ =25 mm
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Fig. 13. The replacing flexural rigidity the pipe
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Fig. 14. The increment of the bending moment M in key course as a function
of a flexural rigidity the steel pipe and soil stiffness
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Fig. 15. The increment of the bending moment M in side wall as a function
of a flexural rigidity the steel pipe and soil stiffness

The obtained results clearly show the influence
of flexural rigidity of the pipe on the internal forc-
es. The bending moments in the steel pipe with the
wall thickness between 12 mm — 35 mm are quite
different. They are much smaller than the value
calculated on the basis of the guidelines [1]. The
formulas for the bending moments in [1] are inde-
pendent of the deformability pipe.

Conclusions

The obtained results showed the influence of
flexural rigidity and the soil stiffness on the size of
the bending moments in the steel of pipe jacking.
They depend on the interaction of soil — steel pipe.
On the basis of Fig.14 with the modulus of elastic-
ity of the soil Es = 50 MPa, the increase of the
bending moment in the key course of the pipe is
practically not variable independently of the wall
thickness of the steel pipe. A similar example was
found for bending moments in the side wall tunnel
(Fig. 15). The construction steel pipe jacking be-
haves quite different, when the modulus of soil Es
is smaller (Es = 25 MPa). The increase of the
bending moment in the key course according to the
rigidity of the tube can be up to 15% (Fig. 14). In
the case of the increase of the bending moment
side wall, it may be as high as 41.5% (Fig. 15).

LIST OF REFERENCE LINKS

1. ATV 161 E. Structural calculation driven pipes :
German ATV Standards Wastewater-Waste. —
Hennef : GFA, 1990.

2.  Brzoska, Z. Statyka i stateczno$¢ konstrukcji pre-
towych i cienkosciennych / Z. Brzoska. — War-
szawa : PWN, 1961. — 682 p.

3. Buckling of steel shells — European Design Rec-
ommendations / Edited by J. Michael Rotter and
Herbert Schmidt. —2013. — 408 p.

4.  Hornung, K. Statik eruberddeckter Rohde / K. Ho-
rnung, D. Kitel. — Berlin : Bauverlag GMBH,
1989.

5. Glinicki, S. Budownictwo podziemne / S. Gli-
nicki. — Politechnika Biatostocka, 1994.

6. Madryas, C. Konstrukcje przewodow kanaliza-
cyjnych / C. Madryas, A. Kolonko, L. Wysocki. —
Wroctaw Oficyna Wydawnicza Politechniki
Wroctawskiej, 2002. — 377 p.

7. Mendera, Z., Interakcyjne kryteria stateczno$ci
plyt i powlok metalowych w zloZzonych stanach
napr¢zenia / Z. Mendera // Inzynieria i Budo-
wnictwo. — 1993. — Ne. 2. — P. 50-53.

8. Mendera, Z. Stateczno$¢ stalowych powlok wal-
cowych Sciskanych podtuznie / Z. Mendera // In-
zynieria 1 Budownictwo. — 2000. — Ne. 4/5. —
P. 240-243.

9.  Murzewski, J. Stalowe belki powtokowe / J. Mur-

zewski, J. Siepak. — Krakoéw : Politechnika Kra-

kowska, 1978.

Kuliczkowski, A. Projektowanie konstrukeji prze-

wodow kanalizacyjnych. — Kielce : Politechnika

Swietokrzyska, 1993. — W. I, Ne. 222. — 290 p.

PN-EN 1991-1-3:2005. Eurokod 1. Oddziatywania

na konstrukcje. Czgs¢ 1-3 Oddziatywania

ogolne. Obciazenie $niegiem.

PN-EN 1993-1-5. Projektowanie konstrukcji sta-

lowych. Czg$¢ 1-5 Blachownice, PKN. —

Warszawa, 2008.

10.

12.

doi 10.15802/stp2016/74764

178

© K. Gérski, R. L. Ignatowicz, 2016



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayka Ta nporpec tpancopry. Bicauk JIHinpornerpoBcbKoro
HAL[IOHAJIILHOTO YHIBEPCUTETY 3aJli3HUYHOTO Tpancnopty, 2016, Ne 3 (63)

TPAHCIIOPTHE BY AIBHULITBO

13. PN-EN 1993-1-1. Projektowanie konstrukcji sta- 15. Samuelson, L. A. Shell stability handbook /
lowych. Czgé¢ 1-1 : Reguly ogodlne i reguly dla L. A. Samuelson, S. F. Eggwertz. — London ; New
budynkow, PKN. — Warszawa, 2008. York : Elsevier, 1992. — 303 p.

14. PN-EN 1993-1-6. Projektowanie konstrukcji sta- 16. Sofistik v 2014, Licencja: Rajmund Ignatowicz.
lowych. Czgs¢ 1-6 : Wytrzymatos¢ i state-cznos¢  17. Timoszenko, S. P. Ustojcziwost’ uprugich system
konstrukcji powlokowych, PKN. — War-szawa, /' S. P. Timoszenko. —Moskwa : GITTL, 1955. —
2008. 568 p.

K. TOPCKI", P. JI. ITHATOBUY*"

1*Ka(b. «{uBinbHa Ta iHKeHEpHA Teonoris», [103HaHbCHKMI YHIBEPCUTET IPHPOAHUINX HayK, By [liaTkoBceka, 94, [lo3Hans,
[onpma, 60-649, en. nomra kgorski@up.poznan.pl

*Kag. «MeraneBi KOHCTpyKIii», BpormaBchkuit TexHONMOr 4HMiT yHiBepcuTet, 'pronBanbaceka ., 11, Bpowras, [onsma,
50-377, en. nomra rajmund.ignatowicz@pwr.edu.pl

HAIIPYT A CTAJIEBOI TPYEH, ITPOKJIAJIEHOI B YMOBAX
HEJTOCKOHAJIOCTI TPYE TA HEOJJHOPITHOCTI 'PYHTY

Merta. Y pociiKeHHI HEOOXiZTHO BUBYMTH NMHUTAHHS BIUIMBY JIOKQJIbHUX HEOJHOPIIHOCTEH I'DYHTY Ha BHYTpI-
ITHI CHJIM B CTaJieBiil TpyOi. MeToaMka. ABTOPHY IPEACTAaBIIIN BiIMIHHOCTI B PO3MOILTI ITPYHTOBOTO THCKY Ha TPY-
6u. OnHUM 13 HaHOLIBII MOIIMPEHUX METOAIB € TEXHOJIOTIS MIKpOTyHeNOBaHHA. [IpuKiaan 4ncenbHOro aHaizy
Oymm po3paxoBani MeTtogoM ckinueHHUX eneMeHTiB (MCE). PesyabTaT. BecTaHOBNEHI JaHI YHUCENBHOTO aHAIIZY
Npe/ACTaBIeHI A1l 0OpaHuX IPYHTOBUX yMOB. ByB TakoX Moka3aHU# pO3MOJiN BHYTPIIIHIX CHJI Y THYUKIH CeKIii
craneBoi Tpyou. HaykoBa HOBM3HA Ta MpakTH4YHA 3Ha4YUMicTh. OTpUMaHI Pe3yNbTaTH YiTKO MOKA3YIOTh BILIHB
3THHAJIBHOT JKOPCTKOCTI TpyOM Ha BHYTPILIHI CHJIM, HAa BEJIMYMHY 3THHAIBHMX MOMEHTIB y CTali BAABIECHHUX TpPYO.
Bonmu 3anexaTs BiJ B3aeMoii rpyHT—cTaneBa Tpyoa.

Kniouosi crosa: cranesi TpyOu; METOZ KIHIIEBUX €JIEMEHTIB; MIKPOTYHEJIIOBAHHS; TPYHT
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HANPSI’KEHUE CTAJIBHOM TPYBBI, MTPOJIO)KEHHOU
B YCJIOBUSIX HECOBEPIIEHCTBA TPYb
1N HEOJHOPOJHOCTH I'PYHTA

Heab. B uccnenoBanun HEOOXOAMMO W3Y4YHTh BONPOCHI BIMSHHS JIOKAIBHBIX HEOJHOPOJHOCTEW IpyHTa Ha
BHYTPEHHHE CWJIBI B CTAJIbHOH TpyOe. MeToauka. ABTOPHI NMPENCTaBIIN PA3IMYMS B PACIPENCICHUN IPYHTOBOTO
JaBJICHUA Ha pr6bl. O[lHl/IM us3 Han6onee pacnpoCTpaHCHHbIX METOAOB ABJIACTCA TEXHOJIOTHA MUKPOTOHHEIUPOBA-
Hus. [IpuMepsl 9UCICHHOTO aHam3a OBUTH pacCYMTaHBl METOIOM KOHEUHBIX 31eMeHToB (MKD). PesyabTaThl. Yc-
TaHOBJICHHBIC JAHHBIC YUCJICHHOT'O aHaJIn3a NpeACTaBJICHbI IJIA BI)I6p8.HH]>IX TPYHTOBBIX yCﬂOBHﬁ. Taxokxe mokazaHo
pacipeseneHe BHyTPEHHUX CHJI B THOKOW CeKIMU cTanbHOU TpyOsl. HayyHasi HOBH3HA M MPaKTHYecKoe 3HaYe-
Hue. [ToaydeHHbIe pe3ysbTaThl YETKO ITOKA3bIBAIOT BIMSHIE U3MMOHOM JKECTKOCTH TPYObl HA BHYTPEHHHUE CHIIbI, Ha
BEJINYMHY M3THOAIONINX MOMEHTOB B CTAJIM BIABICHHBIX TpyO. OHM 3aBHCAT OT B3aMMOJCHCTBHS IOYBa—CTaIbHAs
TpyoOa.

Kniouegvie cnosa: cranpHble TPyOBI; METO] KOHEYHBIX 3JIEMEHTOB; MUKPOTOHHEINPOBAHUE; TPYHT
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