


determine the forces acting on the casting boxes. The setup is an easy way to determine the adhesion
capacity in the axial direction to the pipe. Table 3 give the main results from the tests.

Table 3: Results from adhesion capacity tests (Aaker, 2017)

Surface Curing time Adhesion
Pipe temperature [hours] Sandblasted capacity
[°C] [kPa]
GRP 22 1 16
GRP 22 1 X 16
GRP 22 14 days 182
GRP 40 1 170
Ductile cast iron 22 1 17

The results clearly show that curing time and surface temperature influence the adhesion the most.

No prior academic tests, reported in the literature, have been done on failure loads in bends anchored
with PU-foam. The supplier have performed some initial tests that indicated reasonable compliance
with Multiconsult's calculations. A scale test was conducted at NTNU, the spring of 2017. The tests
consists of a d = 199 mm GRP-pipe, with various foam cross-sections and angles. The tested cross-
sections were circular sections with 12, 23, 40 and 62 mm at bend angles of 15, 30 and 45 °. In total
11 tests were conducted.

a)
Figure 11: a) Setup of the bend test rig b) failure after test

PVC pipes was used as moulding forms to get the desired cross-sections. The test rig was set up
without a bend coupling to ensure that all forces acting on the bend was distributed in the foam. A
concentrated load was set up directly in the bend with a metal hook inserted in the pipes.
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Figure 12: Failure loads in bends anchored with PU-foam (Aaker, 2017)

Test results indicate that the capacity of the foam increases with larger cross-sections and increased
bend angle. By examining the fractured cross-section no crushing of the material was observed. This
indicate a pure tensile rupture. For instance, a foamed cross-section of 40 mm at 30° bend had an
ultimate bend load of 1 kN corresponding to 19 mWC internal pressure. However, in the field
distribution of forces in the bend will not only occur in the foam. The surrounding masses, bend
coupling and interface layer between the foam and drainage layer will also absorb the forces. By
basing the calculation on the fact that the foam needs to be able to distribute all the forces the safety
factor is increased.

6. Conclusion

At Lille Mésevann, about 300 m of buried penstock was enveloped in foam, including two bends.
Challenges that arose from the project clearly shows the project was necessary for further
development of the method. However, the construction of Lille Masevann proves that the method
with PU-foam as backfill works on a full-scale project.

The most time efficient application method was foam sprayed directly at the pipe. As of today, there
are no signs indicating operation failure at the station due to faulty PU-foam. The displacement
measurements on-site imply that the safety is not reduced.

The PU-foam absorbs water at varying rates. The water absorption seem to be related to material
density. It has not been possible to find a connection between the material's mechanical properties and
the different stresses (freeze/thaw and frozen condition) the material was exposed to prior to the tests.
The highest value measured for tensile strength is about 800 kN/m® and for compressive strength =
500 kKN/m’.

Adhesion tests demonstrate that curing time and surface temperature of the pipe influence the
adhesion capacity the most. If the pipe is heated to 40 °C or heated to 22 °C and cured for two weeks
the adhesion capacity is between 171 — 182 kPa. The bend tests demonstrate that bend capacity is
increased with larger foamed cross-section. Also, the bend angle has an influence on the measured
capacity.

PU-foam as backfill and for anchoring of bends is a good alternative to traditional method. However,
to obtain desired quality, precautions on-site needs to be met.
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Forklaring pa eget bidrag

Bidrag til "Veileder for bruk av polyuretanskum som omfyllingsmasse rundt
nedgravde rorgater”, og artikkelen "PU-foam in buried penstocks".

I forbindelse med masteroppgaven "Legging av rergater med PU-skum som
omfyllingsmasse" ble det utarbeidet en veileder for bruk av PU-skum rundt nedgravde
rorgater. I tillegg ble artikkelen "PU-foam in buried penstocks" skrevet 1 forbindelse med
konferansen Hydro 2017, Hydropower & Dams.

Veilederen og artikkelen er, som beskrevet i oppgaveteksten, utviklet i samarbeid med
medstudent Stian Lebe Aaker. Oppgaven til Aaker, "Forankring av bend pa rergater med PU-
skum", omhandler i hovedsak kraftopptak i bend ved bruk av PU-skum som forankring.
Inkludert 1 oppgaven er ogsa undersekelser av heftkapasiteten mellom PU-skum og
reroverflaten.

Bidraget til veilederen og artikkelen folger en naturlig fordeling.
Veileder:

- Aaker er hovedforfatter av det som angar dimensjonering av skumlagte bend, og
spesielle bestemmelser ved bruk av PU-skum 1 bend. I tillegg benyttes Aakers metode
for méling av heftkapasitet som forslag til testprosedyrer i felt.

- Undertegnende er hovedforfatter av forslag til testprosedyrer av PU-skum 1 felt,
spesielle bestemmelser ved bruk av PU-skum og rer, samt nedvendige lasthensyn ved
bruk av PU-skum.

- Resterende bidrag til veilederen er utarbeidet i samarbeid mellom forfatterne.

Artikkel:

- Aaker er hovedforfatter av det som angdr mélinger av forflytning i bend ved Lille
Masevann pumpestasjon. I tillegg stir Aaker bak resultater fra forsek med forankring
av bend og heftkapasitet mellom reroverflaten og PU-skummet.

- Undertegnedes bidrag er erfaringer fra Lille Misevann pumpestasjon i form av de
ulike péferingsmetodene som ble gjennomfort. I tillegg har undertegnede bidratt med
resultater knyttet til PU-skummets strekk- og trykkfasthet, samt méaling av
vannabsorbsjon.

- Resterende bidrag til artikkelen er utarbeidet i samarbeid mellom forfatterne.
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