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(54) Method and apparatus for manufacturing watertight, corrugated metal pipes from a strip of 
metal sheet, and watertight, corrugated metal pipe manufactured by such method

(57) Longitudinal corrugations are formed on a strip
(12) of metal sheet by successive passages between
counterposed corrugating barrels (20, 22) having alter-
nated, circumferential ridges (24, 26) on their outer sur-
faces. The opposite, longitudinal lips (12a, 12b) of the
strip (12) are bent in opposite directions, then the strip
(12) of metal sheet is coiled into a helical shape, whereby
the opposite, longitudinal lips (12a, 12b) overlap laterally.
Before the opposite, longitudinal lips (12a, 12b) are

crimped together between counterposed crimping rollers
(38, 39), a rubber gasket (42) is fitted to one of the op-
posite longitudinal lips (12b). The gasket has a bent pro-
file capable of embracing the longitudinal lip at least par-
tially, whereby the material of the gasket (42), by effect
of the crimping pressure, is reduced in thickness and
deformed plastically at least in certain areas (12’a, 12"a,
12’b, 12"b) of the longitudinal lips (12a, 12b) which are
biased against each other by the crimping action.
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Description

[0001] The present invention relates to a method for
manufacturing watertight, corrugated metal pipes from a
strip of metal sheet, as well as to an apparatus for carrying
out such method and to a watertight, corrugated metal
pipe resulting from the method.
[0002] It is well known in the art to manufacture corru-
gated metal pipes up to 3-4 meters in diameter from a
strip of metal sheet, e.g., a galvanized steel sheet 1.2 to
3.5 mm thick and about 200 mm to 1200 mm wide. A flat
strip, which is generally unwound from a coil, is firstly
made corrugated, i.e., ondulated, by successive passag-
es between couples of counterposed, corrugating barrels
having alternated circumferential ridges on their outer
surface. A series of corrugations (e.g., four corrugations)
extending in the longitudinal direction are so formed on
the strip of steel sheet. The corrugated strip is then coiled
into a helical shape by a set of coiling rollers, and the
opposite, longitudinal lips of the strip are crimped togeth-
er by a couple of counterposed, crimping rollers, so that
a helically corrugated pipe is formed. Thereafter, the op-
posite ends of the corrugated pipe may be sawed, e.g.,
at right angles to the axis of the pipe. Depending on the
specific application, the opposite ends of the pipe can be
closed by peripherally welded steel covers.
[0003] For some applications, e.g., for production of
ducts or tanks for piping/containing/collecting fluids,
pipes of the above type are required to have watertight
capabilities.
[0004] In case of small junctions, a reliable watertight-
ness may be achieved by welding. However, welding all
along the crimped lips of the pipe would be too expensive
and time consuming.
[0005] Another known method for providing corrugated
metal pipes with watertightness capabilities consists of
inserting a rubber string gasket having a circular profile
between the longitudinal lips of the strip which are
crimped together. In detail, the gasket is positioned in
the gap defined between the edge of one lip and the inner
surface of the opposite lip, which is U-bent to embrace
the other lip during crimping. The diameter of the gasket
is conventionally chosen a little larger than the thickness
of the steel sheet, e.g., a 4 mm gasket for a steel sheet
2.5 mm thick, so that the gasket in its operative configu-
ration is subject to a slight elastic deformation.
[0006] Unfortunately, the above method has some
drawbacks.
[0007] First of all, the string gasket is liable to twist
and/or distort during its insertion between the longitudinal
lips of the steel sheet, before the latter are crimped to-
gether. Consequently, the string gasket may easily slip
outside of its seat (i.e., the above-defined gap) and tear
during crimping, resulting in uneven and unreliable wa-
tertightness along the crimped longitudinal lips of the
pipe.
[0008] Moreover, even when the gasket is correctly po-
sitioned in its seat, the contact surface between the gas-

ket and the wall of the pipe is relatively small, resulting
in limited watertightness capability of the pipe.
[0009] Therefore, it is a main object of the present in-
vention to provide a method for manufacturing watertight,
corrugated metal pipes having considerably improved
performance in terms of watertightness capabilities, with-
out substantial increase in the manufacturing costs and
in the machining times.
[0010] It is another object of the invention to provide
an apparatus for carrying out the above method, as well
as a watertight, corrugated metal pipe resulting from the
method.
[0011] The above object and other advantages, which
will become apparent from the following description, are
achieved by a method having the features recited in claim
1, while the dependent claims state other advantageous,
though secondary features of the invention.
[0012] The invention will be now described in more de-
tail with reference to a few preferred, non-exclusive em-
bodiments shown by way of non limiting example in the
attached drawings, wherein:

Fig. 1 is a view in side elevation of a first station of
the apparatus according to the invention for manu-
facturing watertight, corrugated metal pipes;

Fig. 2 is a view in cross section of Fig. 1 along line II-II;

Fig. 3 is a view in cross section of Fig. 1 along line
III-III;

Fig. 4 is a plan view showing a second station of the
apparatus for manufacturing watertight, corrugated
metal pipes according to the invention;

Fig. 5 is a view in side elevation of the second station
of Fig. 4;

Figs. 6, 7 and 8 are views in transverse cross section
of the opposite longitudinal lips of a steel sheet proc-
essed with the method according to the invention, in
respective three successive configurations;

Fig. 9 is a view similar to Fig. 6, showing a first al-
ternative embodiment of the invention;

Fig. 10 is a view similar to Fig. 6, showing a second
alternative embodiment of the invention;

Fig. 11 is a view similar to Fig. 6, showing a third
alternative embodiment of the invention.

[0013] An apparatus for manufacturing watertight, cor-
rugated metal pipes from a strip 12 of metal sheet, e.g.,
a galvanized steel sheet 3 mm thick and 1 meter wide,
is illustrated in Figs. 1-5. Of course, other conventional
metallic materials can be used, e.g., an aluminum-coated
steel sheet or a magnesium-coated steel sheet 1.2 to 3.5
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mm thick.
[0014] With initial reference to Figg. 1-3, in a manner
known per se strip 12 is unwound from a coil 14 mounted
on a motorized hub 16 which is rotatably supported on
an elongated frame 18 of the apparatus at an upstream
end thereof. Strip 12 is made corrugated (i.e., ondulated)
in a corrugating station 19 by successive passages be-
tween couples of horizontal, counterposed corrugating
barrels which are rotatably supported by frame 18 with
their axes lying at right angles to the longitudinal direction
of strip 12 unwinding from coil 14. Each couple comprises
a lower corrugating barrel such as 20 and an upper cor-
rugating barrels such as 22 which engage strip 12 on
respective opposite sides thereof. Corrugating barrels
20, 22 have alternated, circumferential rounded ridges
24, 26 on their outer surfaces, the ridges on one barrel
of the couple being at least partially inserted between the
ridges on the other barrel in the couple. As a result, a
series of corrugations (e.g., four corrugations) extending
in the longitudinal direction are conventionally formed on
strip 12. The distance between the axes of the corrugat-
ing barrels 20, 22 of the couple is gradually reduced from
the first couple to the last couple in the succession,
whereby strip 12 is deformed gradually. To this purpose,
upper corrugating barrels 22 are supported at their op-
posite ends by respective slides such as 27, the vertical
position of which is manually adjustable by respective
screw mechanisms such as 28. Corrugating barrels 20,
22 are driven to rotate by motor means M via a gearbox G.
[0015] As shown in Fig. 3, the corrugating barrels 20,
22 of the last couple are provided, at their opposite ends,
with bending means consisting of circumferential bend-
ing ridges 30a, 30b and 32a, 32b which cooperate to
bend outer longitudinal lip 12a at right angles downwards
and inner longitudinal lip 12b at right angles upwards.
[0016] A shearing unit (not shown) may be convention-
ally provided upstream of the succession of corrugating
barrels 20, 22 for shearing strip 12 transversely, in case
the latter deviates from the correct longitudinal direction
while unwinding from coil 14.
[0017] Having now particular reference to Figs. 4, 5,
strip 12 processed by the series of corrugating barrels
20, 22 is then coiled into a helical shape in a coiling station
34, with the opposite, longitudinal lips 12a, 12b of strip
12 which overlap laterally. Coiling station 34 comprises
two sets of coiling rollers 36a, 36b arranged at different
levels which engage the lower face of strip 12, and a third
set of coiling rollers 36c which engage the upper face of
strip 12 between the first two sets. The three sets of coil-
ing rollers are all supported by a second frame 37.
[0018] In coiling station 34, the opposite, longitudinal
lips 12a, 12b of strip 12 are also crimped together by a
couple of counterposed, crimping rollers 38, 39. One of
the crimping rollers (lower crimping roller 38 in Fig. 5) is
biased towards the other one (upper crimping roller 39)
by a hydraulic actuator 40 which may be operated for
adjusting the crimping pressure.
[0019] As shown in Figs. 4, 5, according to the present

invention, before the opposite, longitudinal lips 12a, 12b
of strip 12 overlap and are crimped together, a rubber
gasket 42 having a substantially U-bent profile is fitted
to one of the opposite longitudinal lips 12a, 12b, prefer-
ably inner longitudinal lip 12b which is bent upwards; ac-
cordingly, by effect of the crimping pressure, gasket 42
is drastically reduced in thickness, with plastic deforma-
tion of the material of the gasket at least in certain areas
of the longitudinal lips which are biased against each
other by the crimping action, as will be disclosed in more
detail below.
[0020] Fig. 6-8 show longitudinal lips 12a, 12b of strip
12 in successive configurations during crimping. In Fig.
6, rubber gasket 42 is fitted to inner longitudinal lip 12b
of strip 12, while outer longitudinal lip 12a is still far away
from overlapping it. In Fig. 7, outer longitudinal lip 12a
overlaps inner longitudinal lip 12b, but the crimping action
has not begun yet and rubber gasket 42 is still unde-
formed. In Fig. 8, the opposite longitudinal lips 12a, 12b
are crimped together and gasket 42 is consequently
crushed and deformed plastically. In more detail, gasket
42 is substantially reduced to a thin film mainly in the flat
areas 12’a, 12"a, 12’b, 12"b of longitudinal lips 12a, 12b
which are biased against each other by the crimping ac-
tion. The gaps defined between the edge of one lip and
the inner surface of the opposite lip which is U-bent about
the first lip are also filled with the material of the gasket
in 43a, 43b, as shown in Fig. 8. The exceeding rubber
43c projecting outside of the lock seam can be subse-
quently cut.
[0021] The thickness of the rubber gasket (before
crimping) is preferably in the range 0.5 to 2.5 mm. In the
above described embodiment, a squared U-shaped rub-
ber gasket 42 is used, with the outer leg 42a of the U-
shape which is longer than the inner leg 42b. For exam-
ple, for a steel sheet 3 mm thick, a rubber gasket 1.5 mm
thick and 6 mm wide can be used, with a longer leg 12
mm long and a shorter leg 0.9 mm long.
[0022] As shown in Fig. 5, rubber gasket 42 is unrolled
from a coil 44 which is rotatably supported with horixontal
axis upstream of coiling station 34 by a third frame 45.
Rubber gasket 42 is guided to engage longitudinal lip
12b of strip 12 by guiding means. The latter consist of a
hollow guiding arm 46, in which the gasket is slidably
inserted, and which is also supported by third frame 45.
[0023] It should be understood that the profile of the
rubber gasket can be extensively varied within a wide
range of profiles either matching or not with the profile of
the steel sheet, provided that the bent profile of the gasket
is capable of embracing the longitudinal lip of the strip at
least partially; for instance, gaskets 142 and 242 as
shown in Figs. 9 and 10, which respectively have a sub-
stantially U-bent profile with diverging legs 142a, 142b
and a V-bent profile, as well as gaskets 342 as shown in
Fig. 11, which have a substantially L-bent profile, will fall
within the scope of this invention.
[0024] The crimping pressure, which can be adjusted
by hydraulic actuator 40, is preferably set in the range 0
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to 9000 psi, more preferably 5000 to 6000 psi.
[0025] The material of the gasket is preferably poly-
chloroprene. However, other natural or synthetic rubbers
having similar mechanical properties can be used, such
as nitrile rubber.
[0026] The opposite ends of the pipe can be conven-
tionally cut, e.g., at right angles to the axis of the pipe,
and, depending on the specific application, they can be
closed by steel covers welded peripherally, in a manner
known per se.
[0027] It has been found in practice that the method
according to the invention achieves the above-declared
scope of considerably improving the performance of the
corrugated metal pipes in terms of watertightness capa-
bilities. In facts, rubber gasket 42, subject to the crimping
pressure, is plastically deformed and reduced to a film
having a thickness of only a few tens of micron or less,
so that it fills all the recesses and any gaps defined be-
tween the surfaces of the two longitudinal lips crimped
together.
[0028] Furthermore, the increase in the manufacturing
costs is relatively small because it is essentially limited
to the cost of the rubber gasket.
[0029] The processing time also is unaffected, since
the rubber gasket can be continuously fed to the steel
strip regardlees of the feeding speed of the latter.
[0030] In addition, it has been found that the mechan-
ical strenght of the seam lock is also substantially unaf-
fected by the insertion of the rubber gasket, whereby the
resulting pipe thoroughly complies with the standards
and regulations to be observed in this technical field.
[0031] A few preferred embodiments of the invention
have been described herein, but of course many changes
may be made by a person skilled in the art within the
scope of the claims. For example, although it is easier to
fit the rubber to inner longitudinal lip 12b, of course, it
could also be fitted to outer longitudinal lip 12a. Generally,
all the method steps both preceeding and following the
insertion of the gasket could be carried out in a different
manner. For instance, the corrugating station and the
coiling station could be configured in a different manner,
according to different methods of forming the corruga-
tions and coiling the strip which are well known per se.
For instance, instead of forming the corrugations by re-
ducing the distance between the axes of the corrugating
barrels step by step, with other known methods is the
number of circumferential ridges that is increased step
by step. Of course, also the number of passages between
counterposed corrugating rollers could be reduced or in-
creased, depending on various factors, such as the thick-
ness of the steel sheet.

Claims

1. A method for manufacturing watertight, corrugated
metal pipes, comprising the steps of:

forming longitudinal corrugations on a strip (12)
of metal sheet by at least one passage between
counterposed corrugating barrels (20, 22) hav-
ing alternated, circumferential ridges (24, 26) on
their outer surfaces,
bending the opposite, longitudinal lips (12a,
12b) of said strip (12) in opposite directions,
coiling said strip (12) of metal sheet into a helical
shape, whereby said opposite, longitudinal lips
(12a, 12b) overlap laterally,
crimping said opposite, longitudinal lips (12a,
12b) together between counterposed crimping
rollers (38, 39),
characterized in that
before crimping said opposite, longitudinal lips
(12a, 12b) together, a rubber gasket (42) is fitted
to one of said opposite longitudinal lips (12b),
said gasket having a bent profile capable of em-
bracing said longitudinal lip at least partially,
whereby the material of the gasket (42), by effect
of the crimping pressure, is reduced in thickness
and deformed plastically at least in certain areas
(12’a, 12"a, 12’b, 12"b) of said longitudinal lips
(12a, 12b) which are biased against each other
by the crimping action.

2. The method of claim 1, characterized in that said
rubber gasket has a substantially U-bent profile.

3. The method of claim 2, characterized in that said
rubber gasket has a squared, U-bent profile, with
one leg (42a) of the U-shape longer than the other
leg (42b).

4. The method of any of claims 1 to 3, characterized
in that said rubber gasket has a squared, U-bent
profile with diverging legs (142a, 142b).

5. The method of claim 1, characterized in that said
rubber gasket has a substantially V-bent profile
(242).

6. The method of claim 1, characterized in that said
rubber gasket has a substantially L-bent profile
(342).

7. The method of claim 1 or 2, characterized in that
the thickness of said rubber gasket, before crimping
said opposite, longitudinal lips (12a, 12b) together,
is in the range 0.5 to 2.5 mm.

8. An apparatus for carrying out the method of claim 1,
characterized in that it comprises:

a corrugating station (19), in which longitudinal
corrugations are formed on a strip (12) of metal
sheet by at least one passage between coun-
terposed corrugating rollers (20, 22) having al-
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ternated, circumferential ridges (24, 26) on their
outer surfaces,
bending means (30a, 32a, 30b, 32b) adapted to
bend the opposite, longitudinal lips (12a, 12b)
of said strip (12) of metal sheet in opposite di-
rections,
a coiling station (34) adapted to coil said strip
(12) of metal sheet into a helical shape, with said
opposite, longitudinal lips (12a, 12b) overlap-
ping laterally,
a couple of counterposed crimping rollers (38,
39) adapted to crimp said opposite, longitudinal
lips (12a, 12b) together,
characterized in that it comprises guiding
means (46) adapted to fit a rubber gasket (42)
to one of said opposite longitudinal lips (12b)
upstream of said crimping station (34) in a guid-
ed manner, said rubber gasket having a bent
profile capable of embracing said longitudinal lip
at least partially, whereby the material of the rub-
ber gasket (42), by effect of the crimping pres-
sure, is reduced in thickness and deformed plas-
tically at least in certain areas (12’a, 12"a, 12’b,
12"b) of said longitudinal lips (12a, 12b) which
are biased against each other by the crimping
action.

9. The apparatus of claim 8, characterized in that said
guiding means comprises a hollow guiding arm (46)
in which said rubber gasket (42) is slidably inserted.

10. A watertight, corrugated metal pipe manufactured
by the method of claim 1, comprising a corrugated
strip of metal sheet coiled into a helical shape and
having its opposite, longitudinal lips (12a, 12b)
crimped together, characterized in that a rubber
gasket (42) is crushed between said opposite longi-
tudinal lips (12b), the material of the rubber gasket
being reduced in thickness in a plastically deformed
configuration with respect to its original configura-
tion, at least in certain areas (12’a, 12"a, 12’b, 12"b)
of said longitudinal lips (12a, 12b) which are biased
against each other by crimping action.
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