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Abstract

In this article, we introduce our efforts to prevent gas leakage caused by cable movement in conduits
attached to bridges, for which no effective measures have conventionally been available. This is the fifty-
fifth article in a series on telecommunication technologies.

Keywords: metallic cable, underground conduit, closure

1. Introduction

The NTT EAST Technical Assistance and Support
Center is continuously working to resolve various
failures of communication equipment. There have
been no effective countermeasures against leakage of
gas” from closures at cable connection points, which
occurs when metallic cables laid in conduits in bridge
sections move due to vibrations, etc. In this report,
our efforts to prevent such cable movement are intro-
duced.

2. Countermeasures for cable movement in
underground conduits

For communication cables laid in underground
conduits, a phenomenon called creeping, where the
entire cable moves in conjunction with its surround-
ings, may occur. The following three factors are said
to be related to this phenomenon:

(i) vibration caused by vehicle traffic (easily gen-

erated under a road surface frequently used by
large vehicles);
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(i1) inclination of underground conduits (which

are prone to move downward);

(iii)) ground hardness (i.e., cable movement is

likely to occur in soft ground).

The cable movement puts a load on the cable inlet
of the closure and causes gas leakage. Accordingly,
two types of fixtures (A and B in Photo 1 and Fig. 1)
are attached to the cable to prevent cable movement
based on the standard implementation method. These
fixtures prevent movement of the cable in one direc-
tion by supporting it via the concrete wall of the
manhole duct. These fixtures must be supported by a
strong and stable structure (such as a concrete wall)
near the underground conduit.

3. Issues concerning bridge sections

The metallic cable of a bridge section is laid in a
conduit attached to the bridge (e.g., bridge floor). For

*  In many underground conduits of metallic cables, dry air is con-
stantly injected into the cable, and pressure is applied from the
inside of the cable to prevent water from entering the cable and
its connection points. That dry air is called gas hereafter.
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Fig. 1.

long-span bridges, closures used as connection points
of cables are installed at intervals of a few meters in
the conduit. Even in such a bridge section, the cable
moves due to vibrations caused by vehicle traffic,
etc., and that movement causes gas to leak from the
closure. However, strong and stable structures, such
as underground manholes, do not exist in these bridge
sections, and the conduit itself is not firmly fixed to
the bridge; consequently, fixtures for preventing
cable movement have not been used effectively.

4. Devising countermeasure product and trials

In light of the above-described circumstances, the
Technical Assistance and Support Center has devised
a countermeasure product that can be used even in
places where there are no rigid structures. This prod-
uct (Fig. 2) combines an A-type cable-movement-
prevention fixture (Photo 1) and commercially avail-
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B-type cable-movement-prevention fixture
(holding force: 2000 to 6000 N)

Metal fixtures for preventing cable movement.

\\\\\\\ Metal fastener

\E Manhole wal

Direction
<«— of cable
movement

AN

B-type cable-movement-prevention fixture

Cabl
/ae

Installation of fixtures for preventing cable movement.

able angle bars. By providing cable grips at both ends
of the closure, gripping the cable at regular intervals
to bypass the closure, and maintaining the intervals
while retaining the shape of the countermeasure
product, the product is expected to reduce the load
caused by cable movement on the cable inlet of the
closure. We therefore installed it on an actual bridge-
attached cable and subjected it to a trial.

5. Issues concerning countermeasure product
and improvements

During trials in Hokkaido, where several units of
the countermeasure product were installed, it was
confirmed that cable movement was not prevented in
winter, and after conducting a field survey and verifi-
cation, the following two facts were revealed.

(1) As temperature drops, the rubber of the cable

grip contracts, and the expected gripping force
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Check that there is no movement of the cable or damage to the product under a load of
2000 N at air temperature of 20°C (compliant with gripping-force specification of A-type
Strength | cable-movement-prevention fixture).

test

the 4SC closure).

Conduct vibration test at 10 Hz one million times to confirm that the bolts do not loosen
and that the product does not rattle (compliant with the airtightness test specifications of

Fig. 2. Appearance and structure of countermeasure product.
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Fig. 3. Temperature drop and shrinkage of rubber sleeve for gripping cable.

cannot be maintained.

(2) The entire cable does not move, however, the
cable significantly expands and contracts in
places due to temperature changes.

Regarding fact (1), due to the shrinkage of the grip-

ping material as the temperature decreases (Fig. 3),
the gripping force decreases, the cable cannot be
gripped, and the cable near the cable inlet repeatedly
moves. Regarding fact (2), even at the same installa-
tion location, cable expansion and contraction are
large in summer and winter and are particularly
noticeable in exposed parts of the cable (i.e., cable
not covered by the conduit) where the closures are
installed (Fig. 4).

Unlike cable movement in one direction due to
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vibrations, expansion and contraction caused by this
temperature change is repeated in both directions. It
is estimated that it is highly likely that gas leaks
owing to the increased load on the cable inlet of the
closure are caused by the cable entering and exiting
the inlet. Therefore, to cope with expansion and con-
traction due to low temperature or temperature
change, two A-type cable-movement-prevention fix-
tures for gripping were combined (Fig. 5), and a trial
is being continued to evaluate the following improve-
ment, namely, increasing the gripping area to ensure
that a constant gripping force is maintained even if
the gripping material contracts.
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Notes: Estimated expansion and contraction of cable-jacket material (low-density polyethylene)
AL (expansion/contraction) = a [10-%/°C] (thermal-expansion coefficient) x AT (temperature change) x L (length)
Low-density polyethylene coefficient (170) x 40°C x connection point (200 m) = 136 cm

*Friction in conduits is not taken into account.

Fig. 4. Expansion/contraction of cables installed at the same location.

Fig. 5. Gripping area expanded by combining two A-type cable movement-prevention fixtures.

6. Future efforts

7. Concluding remarks

Five units of the improved countermeasure product
fixture were installed in 2018 (in two locations and
more installed in 2019), and we will continue to
check their functionality, durability, and safety while
monitoring changes in temperature throughout the
years.

We also aim to reduce weight and improve work-
ability of the improved countermeasure product by
unifying several components into a single unit and
thereby reducing the number of bolted parts to ensure
its popularization while planning to create an instal-
lation manual to instruct maintenance personnel on
how to install this product.
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In this article, we introduced our efforts to prevent
gas leakage caused by cable movement in bridge sec-
tions, for which no effective measures have conven-
tionally been available. This countermeasure is aimed
at reducing maintenance operations that have always
been difficult to handle and avoiding having to renew
cables in the said sections. This will contribute to
reducing metallic cable investment and maintenance
costs. The Technical Assistance and Support Center
will continue promoting efforts to improve the reli-
ability of communication facilities and reduce fail-
ures on the basis of our accumulated knowledge and
experience as well as application of new technolo-
gies.
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