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Abstract

Underground utility tunnels are spaces densely packed with various infrastructure
facilities, such as power, telecommunications, and water supply and drainage systems,
making internal environment management crucial. An investigation into accident
cases and on-site demands in these tunnels revealed that while fires and floods are the
most common types of incidents, the demand for real-time condensation prevention
and response is frequent according to on-site managers. Condensation occurs due to
the difference in humidity and temperature between the inside and outside of the
tunnel. Frequent or prolonged condensation can lead to metal pipe corrosion, electrical
failures, and reduced equipment lifespan. Therefore, this study developed a control
algorithm and monitoring system to prevent condensation in underground utility
tunnels. The proposed control algorithm estimates the likelihood of condensation in
real-time based on the measured temperature and humidity and suggests appropriate
responses for each stage to the managers. Finally, a practical condensation prevention
monitoring system was built based on the developed algorithm, verifying the feasi-
bility and applicability of this technology in the field.
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Fig. 1. Condensation inside utility tunnels
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Table 1. Factors for detecting abnormal conditions and response measures by stage

Detectable
T Ab 1 conditi . Mitigati 1
ype normal condition devices itigation plan

* The stage where the difference between the calculated
Interest dew point temperature and the dry-bulb temperature is

(blue) narrowed with in the pre-established “Interest” range
for the utility tunnel

Temperature | * Response executed based on the
and humidity | pre-established interest level res-
sensor ponse manual

* The stage where the difference between the calculated
Caution dew point temperature and the dry-bulb temperature is
(yellow) | narrowed with in the pre-established “Caution” range
for the utility tunnel

Temperature | * Response executed based on the
and humidity pre-established caution level res-
sensor ponse manual

* The stage where the calculated dew point temperature
is equal to or higher than the dry-bulb temperature,
Alert causing condensation to start forming on the surfaces

(orange) of structures and facilities

* The period during which condensation continues to
occur on the surfaces of structures and facilities

* Perform ventilation to expel hu-
Temperature mid air from the utility tunnel
and humidity | * Operate heating, cooling, and air

sensor circulation systems to adjust the
dry-bulb temperature
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Fig. 2. Flowchart for condensation prediction algorithm using temperature and humidity
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