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METODA URCENI MEZNI UNOSNOSTI KANALIZACNI STOKY

METHODOLOGY FOR DETERMINATION OF ULTIMATE LOAD-BEARING
CAPACITY OF A SEWER

MICHAL SEDLACEK, RADOMIR PUKL, PAVEL DOHNALEK

SOUHRN

Z divodu vystavby protipovodiiovych opatieni do§lo k namahdni
kanalizaéni stoky vnitinim pretlakem. Cilem numerické analyzy
bylo vysSetfit, zda je tato stoka schopna prenést poZzadovany vnitini
pretlak, pfipadné navrhnout vhodnd sana¢éni opatreni.

uvoD

Kanaliza¢ni stoka o vnitinim pruméru 2 m byla vybudovdna
v roce 1979 Cdstedné v pazeném vykopu a ¢dste¢né v raZeném pro-
filu. Stoka se nachézi v proménné hloubce 3 az 10 m.

Pri¢ny fez je tvofen nosnou konstrukci z prostého betonu
s vlozenymi kameninovymi tvarovkami (obr. 1), které pusobily
béhem vystavby jako ztracené bednéni. Kameninové tvarovky jsou
na sty¢nych spdrach spojeny maltou (obr. 2). Ze statického hledis-
ka je konstrukce stoky navrzena tak, aby odoldvala vnéj§im tlakim,
tzn. zatiZeni zemnim tlakem a pritiZen{ povrchu.

V souvislosti s vystavbou protipovodnovych opatfeni vznikl
pozadavek na zajisténi této stoky proti vnitinimu pretlaku, ktery ve
stoce vznikne pri povodnovém stavu v fece VItavé, kterd se nachd-
z{ v tésné blizkosti — obr. 3. Predpokldda se, Ze hladina feky Vitavy
bude pfimo ovliviiovat hydraulické poméry ve stokovém systému,
a tim dojde k natlakovdni této stoky.

Cilem numerické analyzy je tedy ur¢it maximalni hodnotu vnit-
niho pretlaku, kterou je konstrukce schopna bezpecné prenést,
popf. navrhnout sanalni opatfeni.

Obr. 1 Segment CS
Fig. 1 CS segment

SUMMARY

Implementation of flood defence measures resulted in stresses
generated by excessive internal pressure in a trunk sewer. The
objective of the numerical analysis was to examine whether the
sewer was capable of withstanding the required internal pressure
and, if needed, to propose adequate rehabilitation measures.

INTRODUCTION

The trunk sewer with the inner diameter of 20 was constructed in
1979, partially in a braced trench and partially in a mined tunnel
profile. The sewer is located at a depth varying from 3m to 10m.

The cross section consists of a load-bearing structure of unrein-
forced concrete with clayware fittings inserted in it (see Fig. 1),
which acted as sacrificial formwork during the construction. Joints
between the clayware fittings are filled with mortar (see Fig. 2). In
terms of a structural analysis, the sewer structure is designed with
the aim of withstanding external pressures, i.e. the loads induced by
the ground pressure and surface surcharge.

A requirement originated in the context of the implementation of
flood defence measures that the sewer be secured against the exces-
sive internal pressure which will develop in the sewer during

Obr. 2 Stdvajici stav
Fig. 2 Existing condition
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Obr. 3 Podélny profil stoky
Fig. 3 Longitudinal section through the sewer

Obr. 4 Numericky model
Fig. 4 Numerical model
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Obr. 5 Detail spdry
Fig. 5 Detail of a joint

VYPOCTOVY MODEL

Model stoky byl vypracovdn v dostupném komerénim programu
ATENA. Model je rovinny, feSeni je provedeno ve stavu rovinné
deformace (obr. 4 a 5). Pfi vlastnim vypoltu byla konstrukce nej-
prve zatizena vlastni tihou a ndsledné bylo aplikovdno zatiZeni od
vnitiniho pretlaku. Toto zatiZzeni bylo priddvdno postupné,
v jednotlivych vypoctovych krocich. Pro podrobnou analyzu byly
do konstrukce stoky osazeny monitorovaci body, které slouZzily pro
vytvoreni zatéZovaci krivky.

Po provedeni stavebné-technického prazkumu stoky bylo zjisté-
no, Ze nelze spolehlivé zarudit statické parametry (kvalita betonu,
tloustka konstrukce).

Z tohoto duivodu byla do vypo&tového modelu zahrnuta pouze
konstrukce z kameninovych tvarovek.

Vypocltovy model kanalizacni stoky se sklddal ze tfi zdkladnich
materidla: kanalizaéni kamenina, malta a horninové prostiedi.

Kanaliza¢ni kamenina: pevnost v tlaku 150 MPa, pevnost v tahu
20 MPa, modul pruznosti 50 GPa, objemova hmotnost 22 kN/m3.

Malta: pevnost v tlaku 5 MPa, pevnost v tahu 1,5 MPa, modul
pruznosti 13,24 GPa, objemova hmotnost 21 kN/m3.

Horninové prostredi: ve vypoletnim modelu je simulovdno za
pomoci radidlnich a tangencidlnich pruzin. Radidlni pruZiny jsou
definovany tak, aby pusobily pouze v tlaku a pfi vlastnim vypoctu
dojde k vylouceni taZenych cdsti pruZnych liniovych podpor.
Tuhost radidlnich pruznych podpor je k = 10 MN/m3.
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Obr. 6 Deformace stoky pri kolapsu
Fig. 6 Deformation of the sewer during a collapse

Obr. 7 Hlavni napéti (zelend — tah)
Fig. 7 Principal stress (green for tension)

a flood flow in the Vltava River, which is found in close proximity
— see Fig. 3. It is expected that the Vltava River water surface will
directly affect hydraulical conditions in the sewerage system, thus
this sewer will become pressurised.

The objective of this numerical analysis is to determine the maxi-
mum value of internal pressure which can be safely withstood by
the structure and, if needed, design rehabilitation measures.

CALCULATION MODEL

The model of the sewer was developed using a commercial pro-
gram ATENA, which was available. The model is planar; the solu-
tion is carried out in a planar deformation condition (see Figures 4
and 5). During the calculation itself the structure was first loaded
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Obr. 8 ZatéZovaci kfivka pro monitorovaci bod M1
Fig. 8 Loading curve for monitoring point M1
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Obr. 9 Maximdlni zatiZeni stoky v kN/mb
Fig. 9 Maximum loads acting on the sewer in kN/lm

Tangencidlni pruziny simuluji tfenf na plésti stoky a jsou defino-
vany jako pruzny materidl. Tuhost tangencidlnich pruznych podpor
jek =0,1 MN/m3.

METODA ZJISTENI UNOSNOSTI STOKY

Z hlediska teorie pruznosti se jednd o rovinnou deformaci, nebot’
ve sméru osy dila je zabrdnéno deformaci. Posuny jednotlivych
bodi se mohou uskutenit pouze ve dvou smérech a ve tfetim
sméru souradnych os je posun vyloucen, takZe plati:

£ =Y.=Yy=V,=0

o =0, o,=0, 7 =0

¥
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Dostdvame tedy ndsledujici rovnice pro napéti Oy, Oy, Txy za
stavu rovinné deformace:

E
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Vypocet probihd v itera¢nich krocich a v kazdém kroku je testo-
véano splnéni okrajovych podminek definovanych konstitutivnimi
vztahy. Okrajové podminky jsou funkci deformace a v kazdém ite-
raénim kroku se mohou meénit.

Soustava rovnic rovnovahy je v maticovém tvaru ddna ndsleduji-
cim vztahem:

[KI{A}={f} (10)
kde znaci: K — matici tuhosti feSeného systému

A — vektor nezndmych deforma&nim parametrt
f — vektor zatiZen{

V nelinedrnim vypoctu je uvaZovdna zdvislost matice tuhosti
K na deformaci konstrukce, kterd je definovand vektorem posunutf
uzlovych bodi A. ReSeni probihd v krocich, které odpovidaji
jistym prirtstkim zatiZeni.
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by its own weight and subsequently the load induced by the inter-
nal pressure was applied. This load was raised gradually, in indi-
vidual calculation steps. Monitoring points were fixed in the sewer
structure for the purpose of the analysis, which made the plotting
of the loading curve possible.

The structural condition survey which was conducted resulted in
a conclusion that structural parameters (concrete quality, thickness of
the structure) could not be reliably guaranteed.

This was why only the structure consisting of the clayware fittings
was incorporated into the calculation model.

The calculation model of the trunk sewer consisted of the following
three constitutive materials: clayware, mortar and ground environ-
ment.

Clayware: 22kN/m3

Mortar: compressive strength of SMPa, tensile strength of 1.5MPa,
elastic modulus of 13.24Gpa, volume weight of 21 kN/m?

The ground environment is simulated in the calculation model
using radial and tangential springs. The radial springs are defined
such that they act only in compression. Tensioned parts of elastic line
supports are eliminated during the calculation. Stiffness of the radial
elastic supports k = 10 MN/m?.

The tangential springs simulate friction on the sewer surface. They
are defined as an elastic material. ~ Stiffness of the tangential elastic
supports k = 0.1 MN/m?>.

METHODOLOGY FOR DETERMINATION
OF THE LOAD-BEARING CAPACITY OF A SEWER

In terms of the elastic theory this is the case of planar deformati-
on because deformation in the direction of the tunnel axis is restrai-
ned. Displacements of individual points can take place only in two
directions, while the displacement in the third direction of the coordi-
nate axes is restrained. The following relationships therefore apply:

fomy =y wy =l

ey

i =l o =k T =0

Thus we obtain the following equations for the stress O, Oy, Txy in
the state of planar strain:
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The calculation is carried out in iteration steps, with the tests of
meeting boundary conditions defined by constitutive relationships
conducted in each step. The boundary conditions are a function of
strain. They may be changed in each iteration step.

The matrix-shape system of equilibrium equations is given by the
following relationship:
[K{A}={f} (10)
where: K — stiffness matrix for the system being solved
A - vector of unknown strain parameters
f — load vector

It is assumed in the non-linear calculation that the stiffness matrix
K is dependent on deformation of the structure, which is defined by
the vector of displacement of node points A . The solution takes place
in steps corresponding to certain increments in the loads.
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V mistech pfedpoklddaného poruseni byly definovany monitoro-
vaci body (obr. 5), které nédsledné poslouZily k uréeni vypoctového
kroku, pfi némz dojde k poruseni stoky.

Ze zatézovaci krivky (obr. 9) pak bylo mozné urcit hodnotu zati-
Zeni v prislusném zatéZovacim kroku.

DOPORUCENE ZPUSOBY SANACE

Kazd4 sanace je kompromisnim feSenim mezi rozsahem staveb-
nich dprav nutnych k rekonstrukci a finan¢ni ¢dstkou, kterou si tyto
dpravy vyzadaji.

Pro zajisténi statické dnosnosti stoky budou provéreny nésledu-
jici varianty:

e osazeni vnitiniho prstence z prostého betonu,

e zesileni vnitfniho povrchu kompozitni tkaninou,

¢ vyvlozkovani na misté tuhnouci vlozkou,

e nové trubni vedeni: a) vloZenim mensiho profilu do stavajic{

stoky,
b) uloZené do otevieného vykopu.

ZAVER

Numericky model jednoznaéné prokdzal, Ze kolaps samostatné
kanalizaéni stoky je zpUsoben poruSenim spojovaciho materidlu —
malty. K poruseni konstrukce dojde pfiblizné pfi vnitfnim pretlaku
32,5 kN/mb, to odpovidd hodnoté 3,25 m vodniho sloupce (vztaze-
no ke dnu stoky).
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Monitoring points were defined in the locations of the expected
failure (see Fig. 5). Subsequently the points were used for the
determination of the calculation step during which the sewer
would fail.

The value of the load during a particular loading step could be then
determined from the loading curve (see Fig. 9).

RECOMMENDED METHODS FOR REHABILITATION

Each rehabilitation is a compromise between the extent of construc-
tion work necessary for reconstruction and the financial amount the
work will require.

The following variants of methods securing sufficient static load
capacity will be analysed:

- installation of an inner ring of unreinforced concrete
- reinforcement of the inner surface by composite fabric
- in-situ relining by a hardening material

- new tubes a) inserting a smaller profile into the existing
sewer
b) lowered in an open trench
CONCLUSION

The numerical model explicitly proved that the collapse of the inde-
pendent trunk sewer is the result of a failure of the joint filling mate-
rial, i.e. the mortar. The structure will fail under the internal positive
pressure of 32.5kN/lm, which corresponds to the value of 3.25 of
water column (related to the sewer bottom level).

ING. MICHAL SEDLACEK, sedlacek@ko-ka.cz, KO-KA,

s. r. 0., ING. RADOMIR PUKL, CSc., cervenka@cervenka.cz,
CERVENKA CONSULTING, s. r. 0.,

ING. PAVEL DOHNALEK, MSCE, dohnalek.p@betosan.cz,
BETOSAN, s. r. o.

Oveérte Vasi konstrukci programem ATENA!
Pridejte se ke Spickovym inZenyrim, ktefi pouzivaji pocitacovou simulaci pro kontrolu
a navrhovani bezpecnych a spolehlivych staveb.

Nabizime:
« programy ATENA Englnee

elsk

« poradens

@ CERVENKA
CONSULTING

onu. spolehlivosti

taill

MNa Hiebenkdch 55 - 150 00 Praha 5
tel/fax; +420 220 610 018 - &-mall: cervenka@cervenka.cz « web: www.cervenka.cz

inzerce



