























placing of two freezing pipes per each
shift of work.
6.2. Location of the freezing pipes

The plan envisaged that the theoric
axis of freezing (circle connecting the
freezing pipes) was at a distance of
70 cm from the surface of the exca-
vation.

This position proved to be ideal whe-
re the soil grain size was fine and me-
dium, that is in the silty, sandy and
gravel-sandy strata. [Instead it created
some problems in the areas with a rough
structure.

As we know, the migration speed of
the refrigeration units increases pro-
portionally to the density of the soil:
the rocky blocks and boulders there-
fore absorbed a great gquantity of
"cold " in a short time. In the case of
piers nos. 33 and 34 (the first to be
treated), being the soil mostly formed
of big pebbles and blocks, it froze ho-
rizontally to a greater width than fo-
reseen.

That caused some difficulties during
the excavation: therefore we had to
recourse to the powerful hammer Atlas
equipped with a steel working point
of 10 cm diameter. ;

Figure 11 shows the hammer at work
in well no. 21 in the big blocks area
at a depth of about 6 m.

The freezing pipes were later slightly
displaced from the excavation surface
in order to avoid this inconvenience.
6.3. The most delicate points of freez-

ing system

The formation of the frozen soil struc-
ture, the evolution of which was follo-
wed daily through the temperature dia-
grams, took place regularly along the
whole heigth of the wells, except for
the upper part, near the base of the
second reinforced concrete vring, aft
about a depth of 4 m where the Fella
river water table was varying daily.

The difficulties of freezing in this par-
ticular point were due to these causes
(see figure 12):

— rough soil full of boulders and
big gravel, having lost its finest frac-
tions owing to the water pumpings exe-
cuted in the first excavation trials;

— proximily of the river and proba-

ble existence of underground water
streams of a certain intensity;

— presence of concrete lining rings
which tended to absorbe a high quan-
tity of refrigeration uniis instead of
the surrounding soil.

In this cases the solutions are two:

— longer period of brine circulation
and consequently more days for free-
zing;

— local treatment by grouting rough
materials {cement eventually added to
sand).

In four wells, injections were made
by means of 5 grouting holes drilled
in the outer side of the frozen wall,
6 m deep.

An amount of 3+4 cu.m. of cement
mixture have always been sufficient to
obtain at once the frozen structure with
the right thickness.

6.4. Freezing times

After the first trials carried out on
wells nos. 33 and 34, in which the
excavation system was properly detai-
led and set up, the average time neces-
sary to prepare the wells to be exca-
vated in security, down to a depth of
16 m, was of 23 days.

In this period the temperature of the
soil lowered from + 14°C (average tem-
perature of the river) to —5/—8°C of
the frozen wall.

We considered the structure ready
when at the distance of 7 cm from the
frozen wall axis the temperature was
—3°C or less.

6.5. The excavations
structure

We found some difficulties at
beginning of the work.

As already said, the excavation was
very hard and slow because of the pre-
sence of several boulders of conside-
rable size, especially for the four wells
located in the upstream area of the
viaduct (nos. 31, 32, 33 and 34).

Some blastings of small intensity
had to be executed in order to break
the rock blocks and the bigger pebbles
and to speed up the excavation.

Yet these first experiments led to
a development of the whole excavation
equipment and lo a betier diffusion of
refrigeration units in order to reduce
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to a minimum the freezing inside the
area to be excavated.

In the most fine ground strata, which
were the most delicate to be water-
proofed and consolidated with traditio-
nal systems, the freezing has always
taken place perfectly and the excava-
tion could be carried out sure and
quick (see figures 5 and 6).

The depth of 16 m was always rea-
ched without using pumps, only with
the protection of the frozen structure.

Figure 13 shows the excavation of
well no. 4 near the end.

7. Conclusive considerations

The Pietratagliata viadutc, with its
35 piers, designed following the most
severe antiseismic rules, is now finis-
hed and runs along the narrow valley
of the Fella river.

The large and deep well foundations
could be carried out in security by
adopting the delicate freezing system.

The operations involved a certain
overcost which is fully justified becau-
se of the following reasons:

— it was Iimpossible to lower the
excavations under the water table wi-
thout previous treatments of the soil;

— certitude of obtaining the water-
proofing and the consolidation neces-
sary for a safe excavation in such a
complicate soil and seismic area;

— higher costs of alternative solu-
tions, not so sure from the technical
point of view.

The freezing in the mixed soil, with
a large range of grain size, of the val-
ley area around Pontebba represents
to-day the most suitable and less ex-
pensive system for greal excavations
under water table.

The full success of the work carried
out in this site proves this statement.
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