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Abstract

Results of load capacity tests of concrete pipes DN 200 and 300 and vitrified clay pipes DN 200, 250 and 300 with liners and
without them were shown together with results of ring stiffness tests of PVC pipes DN 200, 250 and 315 and CIPP liners DN
200, 250 and 315. All pipes and liners used to produce samples were brand new. The tested liners were made of polyester
tube saturated with epoxy resin. Preliners were not installed between liners and pipes. The liners were introduced to the
pipes using compressed air and cured with hot water. Main aim of the research was to find out if there is any correlation
between roughness of the pipe surface (depending on the pipe material) and load capacity growth after pipe rehabilitation
due to the sticky properties of the resin used for tube impregnation. Another subject discussed in this paper is the influence
of adhesion level between liner and PVC pipe to ring stiffness growth of this pipe. Relationship between adhesion level and
growth of load capacity/ring stiffness will be proven. Adhesion level should be taken into consideration when designing the

reconstructive liner designed not only to seal and protect the pipeline, but also to strengthen construction of the pipe.
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1. Introduction

One of the most common approaches for the
rehabilitation of pipelines is to line their internal
surfaces with one of the various types of liners. Among
these the most common form of lining is CIPP. In
this technology an impregnated tube is placed inside
the hostpipe using winching or inversion. Then the
impregnated liner is pressed against the wall of the
host-pipe and cured by circulating hot water or steam
through it or via UV light source [1]. Liner thickness,
tube material and type of resin are the factors that
determine the ring stiffness of the liner.

Three following design guidelines are used to
designate minimal thickness of the liner:

— American: ASTM F 1216, Standard practice
for rehabilitation of existing pipelines and
conduits by the inversion and curing of a resin-
impregnated tube, ASTM International Standard;

— Danish: Static calculations and dimensioning
of the gravity sewer pipe renovation. Collective
work developed by the Research Centre for

Pipes Danish Technological Institute for
Trenchless Team No-Dig;

— German: ATV-DVWK — M127P Part 2, Static
strength calculations for technical rehabilitation
of sewer lines by introducing liners or using
installation methods.

To select the optimum liner thickness, damage degree
of the pipe should be determined together with loads
acting on it. None of these three methods takes into
consideration a factor related to the surface roughness
of the pipe and adhesion level between pipe and liner.
This factor has a big influence on the load capacity
growth of the concrete and vitrified clay pipes. This
factor also has a big influence on ring stiffness growth
of the PVC pipes, as shown in this paper.

2. Preparation of test samples

In total, we examined load capacity or ring stiffness
of 76 samples made of concrete, vitrified clay and
PVC pipes with liners of different thickness and
without liners. Samples made of cured liner only
were examined too. Every sample made of cured liner
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Table 1. Test matrix

Nominal diameter/liner thickness [mm]
Sample material 300/0 300/4
200/0 200/3 200/4 200/6 250/0 250/4 315/0% 315/4%
Concrete pipe 1 4 4 4 - - 2 4
Vitrified clay pipe 1 4 4 4 2 6 2 6
PVC pipe 1 4 4 4 1 4 1 4
Resin liner ** = 13 13 13 = 13 = 13
TOTAL 76 samples
*PVC pipes DN 315 were tested. Internal diameter of this pipes is 299.6 mm.
** Each sample made of resin liner only was tested three times. 86 tests were made in total.

was examined three times. These studies took place
at Division of Water Supply and Sewage Systems at
Kielce University of Technology, Kielce, Poland.

All tested samples had a circular shape without
footer and they were 30 cm long in accordance with the
standards: PN-EN 1916 “Concrete pipes and fittings,
unreinforced, steel fiber and reinforced” and PN-EN
295-3 “Vitrified clay pipes and fittings and pipe joints
for drains and sewers — Part 3: Test methods”.

Table 1 lists the types of samples with their
parameters: pipe material, nominal diameter of pipe
and thickness of resin liner.

Tubes made of polyester with outer diameters
equal to the inner diameters of the pipes and with
thicknesses as shown in Table 1 were saturated in situ
with thermosetting epoxy resin.

Fig. 1. Preparation of the test samples [2]

Then, the resin impregnated tubes were introduced in
series, into the concrete, vitrified clay and PVC pipes.
Liners were introduced to the pipes with inversion
drum, by using compressed air. After that resin liners
were cured with hot water. Subsequently all devices
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were removed, pipes cooled and cut into 30 cm long
samples. Excessive amount of the cured liner has been
removed. Figure 1 shows the samples preparation site.

3. Test procedure

Samples made of concrete pipes were tested in
accordance with the standard PN-EN 1916. Tests
were made on the universal testing machines
MTS and Zwick/Roell. Figure 2 shows Zwick/
Roell machines owned by Kielce University of
Technology.

To perform the tests in accordance with the standard
PN-EN 1916, samples were placed in the universal
testing machine at the duralumin, V-shaped lower
bearing element with spread angle of 150°. Length of
lower bearing element was equal to the length of the
samples (300 mm), width of 120 mm and maximum
height of 40 mm. The load was applied by the upper
compression plate and spread by steel upper bearing
element with length of 300 mm, height of 50 mm and
width of 45 mm. Straps made of elastomeric material
with a hardness of 50 IRHD were inserted between
the pipe and both bearing elements.

A control group of samples without liners were tested
because of differences between the manufacturer’s
specification and actual data about load capacity.
Those samples were tested to determine base load
capacities. Base load capacities were compared with
test results of samples reinforced with liners. One of
the samples from the control group — made of concrete
pipe DN 300 — is shown in Figures 3a (before test)
and 3b (after test). Both groups of concrete samples
(DN 200 and DN 300) with liners were tested four
times. A sample made of concrete pipe DN 300 with
4 mm thick liner is shown in Figures 3c (before test)
and 3d (after test).
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a) a)
b)
b) o
d)

Fig. 2. Universal testing machines Zwick/Roell:

a) Z20 and b) Z100
Fig. 3. Concrete DN 300 pipe sample without liner:

a) before test and b) after test. Concrete DN 300 pipe
sample with 4 mm thick liner: ¢) before test and
d) after test [2]
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Samples made of vitrified clay pipes were tested in
accordance with the standard PN-EN 295-3. Samples
were not soaked before testing. To perform the tests
using this standard, samples were placed in the
universal testing machine at the steel, V-shaped lower
bearing element with spread angle of 170°. Lower
bearing element was 300 mm-long, 140 mm-wide
and had maximum height of 38 mm. The load was
applied by the upper compression plate and spread by
steel upper bearing element with length of 300 mm,
height of 37 mm and width of 65 mm. Straps made of
elastomeric material with a hardness of 50 IRHD were
inserted between the pipe and both bearing elements.

a)

b)
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d)

Fig. 4. Vitrified clay DN 200 pipe sample without liner:
a) before test and b) after test. Vitrified clay DN 200
pipe sample with 4 mm thick liner: c) before test
and d) after test [2]

Samples without liners were tested one or two
times and samples with liners were tested four or six
times. Samples made of vitrified clay pipes DN 200
without liner and with 6 mm-thick liner, before and
after test end are shown in Figures 4a—4d.

During the test, the universal testing machine was
recording the values of deformation and applied
force every 0.01 seconds. Data were collected
and stored in three-column table in DAT files on a
computer connected to the machine. Figure 5 shows
a graph that illustrates steady and slow force growth
applied to the sample made of concrete and vitrified
clay, both DN 200 and with 3 mm-thick liner. During
the tests of concrete and clay pipes, deflections
from about 6 to about 13 mm were observed.
Those deflections were a result of deformation of
elastomeric belts placed between the samples and
bearing elements.

Samples made of PVC pipes with and without liners
were tested in accordance with the standard PN-EN
ISO 9969 “Thermoplastic pipes — Determination
of ring stiffness”, and samples made of liner only
were tested in accordance with the Standard PN-
EN 1228 “Plastic piping systems — Glass-reinforced
thermosetting plastics (GRP) pipes — Determination
of initial specific ring stiffness”.

Samples made of PVC pipes and/or liners
were placed in testing machine directly and
symmetrically on the lower compression plate.
The load was applied directly from the upper
compression plate. Both compression plates were
100 cm long and wide.
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Fig. 5. Quasi-linear graphs showing load applied to the

top of the concrete pipe (in gray) and vitrified clay pipe

(in orange) in the function of time. Graphs are based on
the data obtained during the tests

PVC pipe with and without liners were tested to
compress the sample in three points at 120° spacing
around the circumference by 3% of diameter and then
release the test load. Force value was recorded at the
moment of the maximum load and deformation of
the sample. Force value was used to determine ring
stiffness of the sample. Data summary for those tests
in accordance with the standard PN-EN ISO 9969 are
shown in Table 2.

Table 2. Data summary for PVC pipe tests in accordance
with the Standard PN-EN ISO 9969

Pipe diameter, | 3% deformation, T ) Test time, | Initial force,
of deformation,
mm mm . S N
mm/min
200 6.00 5 72 15.00
250 7.50 10 45 18.75
315 9.45 10 57 22.50

Liner test was to compress the sample in three points
at 120° spacing around circumference by 3% of it
diameter in 60 seconds. Then the compression plate
was kept in position for 120 seconds. After 180 seconds
from the test beginning and after relaxation effect, force
interacting to the sample was recorded. Figure 6 shows
a graph that illustrates organization of test.
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Fig. 6. Graph showing applied load in the function of
time, generated during the test in accordance with the
Standard PN-EN 1228

4, Load capacity tests results of concrete and vitrified
clay pipes

After the test of the concrete pipes, the liners were
still well adhered to the pipes in spite of the complete
destruction of the samples. This is shown in Figure
7a (red arrows). Liner was still well adhered even if
the pipe burst along the surface parallel to the inner
wall of the pipe, which is also presented in Figure 7a
(yellow arrow).

After the tests of the vitrified clay pipes and complete
destruction of the samples, the liners were detached from
the inner wall of the pipes for a substantial part of the
circumference. This is shown in Figure 7b (red arrows).

b)
Fig. 7. Samples after the test made of a) concrete and
b) vitrified clay, both with resin liners [2]

Figures 8a, 9a and 10a show the sample made of
concrete DN 200 pipe with 6 mm-thick liner after the
test and Figures 8b, 9b and 10b show the sample made
of vitrified clay DN 200 pipe with 3 mm-thick liner
also after the test. Those pictures show previously
described good sticking effect between concrete pipes
and epoxy liners. Liners were not stuck to the vitrified
clay pipes so completely.

Figure 8 shows external surfaces of epoxy liners,
from which parts of the pipes were detached. Figure
9 shows a close-up of those samples. For the liner
installed in the concrete pipe, stuck pieces of concrete
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are easily visible. Glued epoxy resin is visible at the
part of detached concrete. Liner installed in vitrified
clay pipe is nearly cleanly separated from the pipe.
Between the liner and the pipe a small gap is visible.

a)

b)

Fig. 8. Samples after the test: a) concrete pipe with liner
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and b) vitrified clay pipe with liner

Figure 10a shows concrete sample after the test.
Epoxy resin is well joined with the concrete pipe at
the boundary line. There is also a crack along the
inner pipe wall — concrete pipe was burst but the liner
did not separate from it. Figure 10b shows the gap
between epoxy liner and vitrified clay pipe — it proves
the weak bonding degree of these two elements.

a)

b)

Fig. 9. Close-up of samples after the test: a) concrete pipe
with liner and b) vitrified clay pipe with liner
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b)

Fig. 10. Samples after the test: a) concrete pipe with liner
and b) vitrified clay pipe with liner

All data collected during the tests were used to
make diagrams and tables showing the different
load capacity growth level of concrete and vitrified
clay pipes with liners compared to the pipes without
liners. Table 3 and the left side of Figure 11 show data
collected during the tests of eleven samples made of
concrete DN 200 pipes. Data collected during the
tests of thirteen samples made of vitrified clay DN
200 pipes is shown in Table 4 and on the right side of
Figure 11. Summary of data collected during the tests
of concrete pipes DN 300 and vitrified clay pipes DN
250 and DN 300 is presented in Table 5.

Table 3. Concrete DN 200 pipes research summary.

Load capacity | Average load
Liner | Destructive | Load growth capacity
Sample | thickness force capacity | compared to growth for
number control group the group
mm N kN/m % %
o vtheut T 0 | 663 - -
liner
2 37070 123.57 85.2%
3 3 36340 12277 84.0% 79.9%
4 33431 113.71 70.4%
5 33784 112.61 68.8%
6 4 38002 126.67 89.8% 87,5%
7 40421 136.10 103.9%
8 40229 134.10 100.9%
9 37329 124.43 86.5%
6 93,5%
10 38662 130.61 95.7%
n 37060 127.35 90.8%

Table 4. Vitrified clay DN 200 pipes research summary

Load capacity Average load
Liner | Destructive | Load growth a acitg o
Sample | thickness |  force | capacity | compared to fzrthg grou
number control group el
mm N kN/m % %
P YR ) 0 0
liner
13 21320 71.07 2.5%
14 25633 85.44 23.3%
3 10.2%
15 22559 76.21 9.9%
16 21944 72.90 5.2%
17 23322 77.74 12.2%
18 27713 9238 33.3%
4 22.0%
19 25411 84.42 21.8%
20 25237 83.84 21.0%
21 31204 104.01 50.1%
22 30707 102.36 47.7%
6 38.7%
23 27840 95.02 37.1%
24 27660 83.06 19.8%

Fig. 11. Load capacities of concrete and vitrified clay DN
200 pipes with and without liners

Table 5. Average load capacity growth for the samples with
liners compared to the samples without liners

Pipe DN/ Average load capacity growth of:
liner thickness concrete pipes vitrified clay pipes
mm % %
250/4 - 193
300/4 103.6 94
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5. Ring stiffness tests results of PVC pipes and epoxy
liners

Figure 12 shows the ring stiffness tests results of
liners, PVC pipes and PVC pipes with liners. PVC
pipes are marked in blue color and other colors
represent different thicknesses of epoxy liners.
Hatched bars show ring stiffness of PVC pipes with
liners. It is clear that the ring stiffness of PVC pipes
with liners is greater than total ring stiffness of PVC
pipes and liners separately. The increased stiffness is
from about 81% to over 128%.

Fig. 12. Ring stiffness of liners, PVC pipes and PVC
pipes with liners

Liner detachment from the pipe phenomenon was
observed during the tests of PVC pipes with liners. It
occurred with characteristic crack, during which the
force applied to the tube sharply decreased. Figure
13 shows the graph obtained during this test. This
phenomenon proves that adhesion level have big
influence on ring stiffness growth.

Fig. 13. Force applied to the PVC DN 200 pipe with 4
mm thick liner as a function of time. After about
26 seconds sharply decreased applied force is visible. It is
caused by separation of liner from the PVC pipe
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6. Conclusions

After installing CIPP liners there was a greater
destructive force increase of concrete pipes than clay
pipes although there was similar destructive force
(load capacity) in both kinds of pipes without liners
(see Figure 11). These observations partially support
conclusions that liners reduce the strain of concrete
pipes, thus loading capacity increases. Vitrified clay
pipe and liner work separately or common work of
those two elements is limited due to the glazing of the
pipe. Because of that the strain of vitrified clay pipes is
not reduced or it is reduced less than in concrete pipes.

Ringstiftness of PVC pipe with liner was greater than
total ring stiffness of PVC pipe and liner separately.
Additionally, the separation of the liner from the
inner wall of the pipe causes a sharp decrease of the
ring stiffness (see Figure 13). It proves that the liner
stuck with PVC pipe has greater ring stiffness than
total ring stiffness of PVC pipe and liner separately.

The analysis and its results confirm the hypothesis
presented in the introduction that the pipe material
and wall roughness should be considered during CIPP
liner designing. In most popular CIPP liner design
methods, the material of renewed pipe is not taken
into consideration [3, 4]. This research can contribute
to the correction of current design methods of CIPP
liners. The tests performed (because of limited funds)
are only an introduction to a full analysis, which
should be done to further refine these correlations and
to correct design methods. To broaden the analysis
and strengthen conclusions, more tests should be
done. Additional research should take into account
many variations of CIPP technology, including
different resin compositions, types and materials of
tube and liner curing methods.
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Wyniki badan laboratoryjnych przewodow
kanalizacyjnych betonowych, kamionkowych
iz PVC z powtokami CIPP

1. Wstep

Jedna z najpopularniejszych technologii rehabili-
tacji rurociaggow jest pokrywanie ich wewnetrznych
powierzchni réznego rodzaju powlokami. Stosowa-
na najczesciej w tym celu technologia CIPP, polega
na wprowadzeniu do rury powtoki nasgczonej zywi-
cg poprzez jej wceiaganie lub inwersje. Potem naste-
puje jej docisnigcie do Sciany rury i utwardzenie za
pomoca goracej wody, pary wodnej lub promieni UV
[1]. Grubos¢ powtoki, rodzaj tkaniny oraz rodzaj sto-
sowanej zywicy stanowig o sztywnosci utwardzonej
powtoki.

W celu wyznaczenia minimalnej grubosci powloki
zywicznej korzysta si¢ najczesciej z nastepujacych
trzech wytycznych do projektowania:

— amerykanskiej: ASTM F 1216, Standard
practice for rehabilitation of existing pipelines
and conduits by the inversion and curing of
a resin-impregnated tube, ASTM International
Standard,

— dunskiej: Static calculations and dimensioning
of the gravity sewer pipe renovation. Collective
work developed by the Research Centre for
Pipes Danish Technological Institute for
trenchless Team No-Dig;

— niemieckiej: ATV-DVWK — MI127P part
2, Static strength calculations for technical
rehabilitation of sewer lines by introducing
liners or using installation methods.

W celu doboru optymalnej grubosci $cianki powto-

ki nalezy ustali¢ stopien uszkodzenia rury oraz ob-
cigzenia na nig oddzialujace. Zadna z wymienionych

metod nie uwzglednia jednak czynnikow zwigzanych
z chropowatoS$cia $cianki rury i stopniem przylega-
nia do niej powtoki. Czynniki te majg istotny wplyw
na wzrost nosnosci rur betonowych i kamionkowych
oraz wzrost sztywnosci obwodowej rur z PVC, co zo-
stato dowiedzione w dalszej czgsci artykutu.

2. Przygotowanie probek do badania

Lacznie zbadano nos$nos$¢ lub sztywnos$¢ obwo-
dowa 76 probek rur betonowych, kamionkowych
1z PVC z powlokami o r6znej grubosci i bez powtok,
a takze wycinkéw powlok zywicznych o roéznych
grubosciach i $rednicach. Probki powtok zywicznych
badane byly trzykrotnie. Badania te zostalty wykona-
ne w Kielcach, w Katedrze Sieci i Instalacji Sanitar-
nych Politechniki Swietokrzyskiej.

Wszystkie badane probki mialy ksztalt kotowy bez
stopki 1 — zgodnie z wytycznymi zawartymi normach
PN-EN 1916 ,,Rury i ksztaltki z betonu niezbrojonego,
betonu zbrojnego widknem stalowym i zelbetowe” oraz
PN-EN 295-3 ,Rury i ksztaltki kamionkowe i ich po-
laczenia w sieci drenazowej i kanalizacyjnej - Metody
badan” — dlugos¢ okoto 30 cm. W tabeli 1 zestawiono
zakres badan, czyli parametry zbadanych probek (Sred-
nice wewnetrzng rury, material z jakiego wykonana jest
probka i grubos¢ utwardzonej powtoki zywicznej).

Powtloki poliestrowe o $rednicach zewnetrznych
rownych srednicom wewnetrznym rur i o odpowied-
nich grubosciach (patrz tab. 1) zostaty nasaczone ter-
moutwardzalna zywica epoksydowa w miejscu wy-
konywania probek.

Nastepnie tkaniny nasaczone zywicg zostaty wpro-
wadzone do utozonych w szeregu rur betonowych,
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kamionkowych i z PVC za pomocg bebna inwersyj-
nego, przy uzyciu sprezonego powietrza. W nastep-
nej kolejnosci powtoki zywiczne zostalty utwardzone
za pomoca gorgcej wody. Po odlgczeniu urzadzen
1 ostudzeniu rur, zostaty one pocigte na probki o dlugo-
Sci okoto 30 cm a nadmierna ilo$¢ utwardzonej powto-
ki zywicznej zostata usunigta. Na rysunku 1 pokazano
stanowisko do przygotowania prébek badawczych.

3. Przebieg badan

Fragmenty rur betonowych zostaly zbadane zgod-
nie z normg PN-EN 1916. Badanie zostato wykona-
ne na maszynach wytrzymatosciowych firmy MTS
i Zwick/Roell (rys. 2), bedacych w posiadaniu Poli-
techniki Swietokrzyskiej w Kielcach.

W celu przeprowadzenia badan zgodnie z norma
PN-EN 1916 probki uktadane byly w maszynie wy-
trzymatos$ciowej na wykonanym z duraluminium dol-
nym elemencie nosSnym w ksztalcie litery V o kacie
rozwarcia rownym 150°. Dolny element no$ny miat
dhugos¢ rowna dlugosci probek (300 mm), szerokosé
120 mm i wysoko$¢ maksymalng 40 mm. Obcigzenie
bylo przyktadane od géry i rownomiernie rozktada-
ne za pomocg wykonanego ze stali gornego elemen-
tu podpierajacego o dlugosci 300 mm, wysokosci
50 mm i szerokosci 45 mm. Pomiedzy rurg a elemen-
ty gorny i dolny wstawiono pasy wykonane z mate-
riatu elastomerowego o twardosci 50 IRHD.

Z uwagi na czgsto wystepujace rozbieznosci miedzy
danymi producenta a danymi rzeczywistymi, zbadano
rowniez probki bez zainstalowanej powtoki. Probki te,
nazwane grupg kontrolng, badane byly w celu ustalenia
nosnosci bazowej, ktora zostala uzyta do pordwnania
z nos$noscig probek wzmocnionych powlokami. Jedna
z tych probek — betonowa o $rednicy 300 mm — zostata
pokazana na rysunku 3a (przed zniszczeniem) i 3b (po
zniszczeniu). W przypadku probek z zainstalowanymi
powtokami badanie zostalo wykonane czterokrotnie
dla kazdego rodzaju probki. Fragment rury betonowej
o $rednicy 300 mm z zainstalowang powtoka o grubo-
$ci 4 mm zostat zaprezentowany na rysunku 3c (przed
zniszczeniem) i 3d (po zniszczeniu).

Probki rur wykonane z kamionki zostaly zbadane
zgodnie z wytycznymi znajdujagcymi si¢ w normie
PN-EN 295-3. Przed badaniem nie wykonano mo-
czenia elementow.

W celu przeprowadzenia badan zgodnie z ww.
normg badane probki uktadane byly w maszynach
wytrzymalosciowych firmy MTS 1 Zwick/Roell
na wykonanym ze stali dolnym elemencie no$nym
w ksztalcie litery V o kacie rozwarcia rownym 170°.
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Dhugos$¢ dolnego elementu nosnego miata dtugosé
probek (300 mm), szerokos¢ 140 mm i wysokosc
maksymalng 38 mm. Obcigzenie bylo przyktadane
od gory i rownomiernie rozktadane za pomocag wy-
konanego ze stali gornego elementu podpierajacego
o dhugosci 250 mm, wysokosci 37 mm i szerokosci
65 mm. Pomigdzy rure a elementy goérny i dolny
wstawiono pasy wykonane z materiatu elastomero-
wego o twardosci 50 w skali IRHD.

Probki bez zainstalowanej powtoki badane byty jed-
no- lub dwukrotnie a prébki z zainstalowanymi po-
wlokami cztero- lub szesciokrotnie. Fragmenty rury
kamionkowej DN 200 bez powtoki zywicznej i z po-
wloka o grubosci 6 mm na poczatku badania i po jego
zakonczeniu zostaty pokazane na rysunkach 4a — 4d.

Po rozpoczeciu badania maszyna wytrzymatoscio-
wa rejestrowala wartosci odksztatcenia i przytozonej
sity co 0,01 sekundy. Dane byty zbierane i zapisywa-
ne w formie tréjkolumnowe;j tabeli w formacie DAT
na komputerze podlaczonym do zgniatarki. Wykres
przedstawiajacy jednostajny i powolny wzrost sity
przyktadanej do prébki betonowej i kamionkowej
DN 200 z zainstalowanymi powtokami o grubosci
3 mm zostal przedstawiony na rysunku 5. Podczas
badan rur sztywnych odnotowano odksztalcenia rze-
du 6-13 mm. Ugiecia te byly efektem odksztatcania
si¢ paséw wykonanych z elastomeru umieszczanego
miedzy probka a elementami podpierajagcymi.

Probki rur z PVC z zainstalowanymi powtokami
1 bez powtok zostaty zbadane zgodnie z normg PN-
-EN ISO 9969 ,,Rury z tworzyw termoplastycznych.
Oznaczanie sztywno$ci obwodowej”’, natomiast same
linery zywiczne zbadano zgodnie z wytycznymi za-
mieszczonymi w normie PN-EN 1228 , Rury z termo-
utwardzalnych tworzyw sztucznych wzmocnionych
wioknem szklanym (GRP)”.

Tak jak w przypadku rur sztywnych probki uktadane
byly w maszynach wytrzymatosciowych firmy MTS
1 Zwick/Roell. Probki uktadane byly bezposrednio na
dolnej ptycie Sciskajacej i z zachowaniem symetrii.
Obcigzenie bylo przyktadane od gory i rownomiernie
rozkladane za pomocg gornej ptyty sciskajacej. Obie
plyty $ciskajgce mialy wymiary 100 x 100 cm.

Badania wykonywane na probkach rur z PVC
1 probkach rur z PVC z zainstalowanymi w nich li-
nerami zywicznymi polegaly na uginaniu probek
w trzech punktach o 3% ich $rednicy a nastepnie
zwolnieniu obcigzenia badawczego. Sita odczyty-
wana byla w momencie maksymalnego obcigzenia
1 odksztalcenia probki. Na tej podstawie obliczono
sztywno$¢ obwodowa kazdego z badanych odcinkéw
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rur. Dane dotyczace badan zostaty przedstawione
w tabeli 3. Sg one zgodne z norma PN-EN ISO 9969.

Badania wykonywane na samych linerach wyko-
nywane byly zgodnie z normg PN-EN 1228. Pole-
galy one na przytozeniu obcigzenia powodujacego
odksztatcenie wzgledne (3% w ciagu 60 sekund)
1 utrzymaniu go przez 120 sekund. Sita odksztatca-
jaca probke odczytywana byta w 180 sekundzie od
rozpoczecia badania, po wystapieniu zjawiska relak-
sacji. Przyktadowy wykres przedstawiajacy przebieg
badania pokazano na rysunku 6.

4. Wyniki badan rur betonowych i kamionkowych

Po zakonczeniu badania zaobserwowano, ze
w przypadku rur betonowych, mimo calkowitego
zniszczenia probek, powloki zywiczne nadal dobrze
przylegaty do ich wewnetrznych powierzchni, co zo-
stato pokazane na rysunku 7a (czerwone strzatki). Po-
wloka nie odrywata si¢ takze w przypadku peknigcia
probki wzdluz powierzchni stycznej do $cianki we-
wnetrznej probki, co zostato rOwniez zaprezentowane
na rysunku 7a (zotta strzatka).

W przypadku rur kamionkowych, po catkowitym
zniszczeniu probki zarejestrowano zjawisko odspaja-
nia si¢ zewnetrznej powierzchni powtoki zywicznej
od wewnetrznej powierzchni rury na znacznej czesci
obwodu. Zostato to pokazane na rysunku 7b (czerwo-
ne strzatki).

Na rysunkach 8a, 9a i 10a pokazano probke be-
tonowa o srednicy 200 mm z powtoka o grubosci
6 mm a na rysunkach 8b, 9b i 10b probke kamionko-
wa o Srednicy 200 mm z powtoka o grubosci 3 mm.
Widoczne jest wczesniej opisane zjawisko dobrego
przyklejania si¢ zywicy epoksydowej do powierzch-
ni betonu. Powtoki przyklejaty si¢ do rur kamionko-
wych w mniejszym stopniu.

Na rysunku 8 widoczne sa zewngtrzne powierzch-
nie powlok epoksydowych, od ktorych czegsciowo zo-
staty oderwane fragmenty rur. Na rysunku 9 znajduja
si¢ zblizenia tych probek. Na powtoce zainstalowanej
w probce betonowej widoczne sa przyklejone resztki
betonu. Na rysunku 9a widoczna jest rowniez zywica
epoksydowa, ktora ciagle przylega do wewngtrznej
powierzchni rury betonowej. W przypadku probek
kamionkowych powierzchnia powtloki jest prawie
czysta, a miedzy powloka a rurg widoczna jest nie-
wielka szczelina.

Na rysunku 10a pokazano probke betonowa po
zniszczeniu. Na styku rury z powloka epoksydo-
wa widoczny jest dobrze przylegajacy do zywicy
beton. Zauwazalne jest rowniez pekniecie wzdhuz

powierzchni stycznej do $cianki rury — rura betono-
wa pekta, ale powtoka nie oderwata si¢ od niej. Na
rysunku 10b dostrzec mozna szczeling miedzy rurg
kamionkowa a powltoka zywiczng — $wiadczy ona
o stabym sklejeniu si¢ tych dwoch elementow.

Na podstawie danych zebranych podczas badan
opracowano tabelaryczne zestawienia i wykresy
obrazujace w jak réznym stopniu wzrasta no$no$é
probek betonowych i kamionkowych po monta-
zu w nich powlok epoksydowych. Tabela 3 i lewa
strona rysunku 11 zawieraja dane dotyczace jede-
nastu probek betonowych o $rednicy nominalnej
200 mm, natomiast tabela 4 i prawa strona rysun-
ku 11 dotycza trzynastu probek rur kamionkowych
o tej samej Srednicy. Zestawienie danych uzyska-
nych podczas badania rur betonowych DN 300
1 kamionkowych DN 250 i DN 300 zostaty zaprezen-
towane w tabeli 5.

5. Wyniki badai rur z PVC

Na rysunku 12 podano wyniki badan sztywnosci
obwodowej rur z PVC. Kolorem niebieskim ozna-
czono rury z PVC, inne kolory reprezentuja powtoki
zywiczne o r6znych grubosciach. Stupki kreskowane
pokazuja wartos$ci sztywnosci obwodowych rur z po-
wiokami zywicznymi. Widoczne jest, ze no$nos¢ rury
PVC z zainstalowana powloka przewyzsza no$nosc¢
rury PVC i powtoki oddzielnie. Wzrost ten wynosi
w przypadku badanych probek od okoto 81% do
ponad 128%.

Podczas badania czesci probek obserwowano zja-
wisko odrywania si¢ powloki od §cianki wewnetrznej
rury. Objawiato si¢ ono charakterystycznym trza-
$nieciem, podczas ktorego sita przylozona do rury
z powtoka gwaltownie spadata. Wykres uzyskany
podczas jednego z takich badan zostal przedstawiony
na rysunku 13. Zjawisko to potwierdza wplyw stop-
nia przylegania powtoki do rury na wzrost sztywno-
$ci obwodowe;j.

6. Wnioski

Badania wytrzymatosci na zgniatanie rur betono-
wych i kamionkowych z wewnetrznymi linerami zy-
wicznymi wykazaty, ze rury betonowe majg wicksza
wytrzymalos¢ na zgniatanie mimo, ze sily niszcza-
ce obu rodzajow rur bez powtok byty zblizone (rys.
11). Na podstawie tych obserwacji mozna czegscio-
wo zatozy¢, ze liner ogranicza odksztatcenia betonu
w wierzchotku i dnie rury, przez co jej no$nos¢ wzra-
sta. W przypadku szkliwionych rur kamionkowych
oba te elementy pracuja oddzielnie lub ich wspotpra-
ca jest ograniczona, przez co nie dochodzi do ograni-
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czenia odksztatcen lub wystepuje ono w mniejszym
zakresie niz w rurach betonowych.

W przypadku rur z PVC zaobserwowano, ze sztyw-
nos$¢ obwodowa rury i powtoki jest wicksza od sumy
sztywnosci obwodowych rury i1 powtoki badanych
oddzielnie. Dodatkowo oderwanie si¢ powtoki od
Scianki wewnetrznej rury powoduje nagly spadek
warto$ci sztywnosci obwodowej (rys. 13). Jest to
dowod na to, ze uklad rura — powtoka ma wieksza
sztywnos$¢ obwodowa od tych dwéch powlok pracu-
jacych oddzielnie.

Przedstawiona analiza i jej wyniki dajg podstawe do
przedstawionego we wstepie twierdzenia, iz materiat
rurociggu macierzystego powinien by¢ uwzglednia-
ny podczas dobierania grubosci powtoki zywiczne;.
Czynnik ten nie jest brany pod uwage w najczesciej
stosowanych metodach projektowania powlok typu
CIPP [3, 4]. Prowadzone badania moga przyczyni¢
si¢ do ich korekty. Ze wzgledu na ograniczone $rod-
ki finansowe zrealizowano badania bedace jedynie
wstepem do analizy, ktorg nalezy wykona¢ celem
doktadnego opisania tych zjawisk i korekty stosowa-
nych metod obliczeniowych. W celu wyciagnigcia
dalej idgcych wnioskéw nalezy przeprowadzi¢ wiecej
badan, podczas ktorych uwzgledni¢ powinno si¢ fakt,
ze technologia CIPP stosowana jest w bardzo wielu
wariantach, r6znigcych si¢ m.in. sktadem zywicy, ro-
dzajem tkaniny czy sposobem utwardzenia linera.

PODZIEKOWANIA

Autorzy artykutu pragng podzigkowa¢ firmie MC-Bauchemie
za przygotowanie probek do badan, ktorych wyniki zostaly
zaprezentowane w niniejszym artykule oraz firmom Keramo
Steinzeug N.V,, P.V. Prefabet Kluczbork S.A. i Pipelife Polska
S.A. za dostarczenie rur, ktore zostaly uzyte do wykonania
probek.
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