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Abstract 
 
The high and constant rate of energy 
consumption in road tunnels has led 
researchers to look for more and more 
efficient lamps and luminaries. The 
solutions developed have partially 
contributed to energy saving but 
consumption is still high, specially in 
the threshold zone which requires very 
high levels of luminance, and the 
solutions found still have important 
contras like colour performance. In this 
work, we present a completely different 
solution: the extension of the “threshold 
zone” out of the tunnel by means of a 
transparent tension structure to let 
visible solar radiation go into the tunnel 
and achieve the required levels of 
luminance during daytime without any 
kind of electrical lighting. 
 
 
1.- Interest of the work 
 
Road tunnel lighting is one of the most 
complex problems when dealing with 
electrical lighting [1]. The high impact 
of lighting in safety is even more 
important when dealing with tunnels 
because of different eventualities. There 

are three main kind of problems that can 
arise when dealing with tunnel lighting: 
 

- Physiological problems, like 
black hole effect or visual 
adaptation. 

- Psichological problems, that 
concern the lack of attention 
from the side of the driver. This 
lack of attention may arise due 
to different factors such as 
flickering, efect of bright or dark 
cells (leading to claustrophoby) 
and many other. 

- Mainteinance problems, like 
lifetime of lamps, effects of 
pollution on luminaries, road 
and walls... 

 
Most of these problems can be solved 
by means of an accurate lighting, 
specially during daytime, that help the 
driver to get adapted to the levels of 
luminance [2, 3] inside the tunnels with 
no negative effect. 
 
The achievement of such lighting 
requires permanent working of quite 
powerful luminaries or projectors whose 
consumption trough the year can be 
extremely high in both economical and 
environmental terms. These high costs 



are specially dramatic in the so called 
“threshold zone” of the tunnel, which is 
the first one inmediately after the gate 
and, hence, the most consumming one 
for evident reasons of visual adaptation 
during daytime. 
 
This high impact, urgently demands 
friendly environmental solutions that, as 
proved in this work, may arise from an 
intelligent use of sunlight. 
 
 
2.- Objectives 
 
The main objective of this work is to 
prove that transparent tension structures 
at the gate of one road tunnel allow to 
use the sunlight with a significant 
energy spare. Besides the interesting 
applications in matter of visual 
performance and Civil Engineering, the 
main objectives of this work are the 
following: 
 

- Energy saving. 
- Saving in the number of 

luminaries and lamps with the 
consequent reduction on the 
environmental impact (indistrial 
waste, CO2 emissions, recycling 
...). 

- Saving in building materials 
through the implementation of 
tension structures. 

 
 
3.- Materials and Method  
 
In order to achieve the relevant levels of 
illumination with a significant energy 
saving, the threshold zone of a road 
tunnel has been expanded out of the 
tunnel by means of one transparent 
tension structure set at the beginning of 
the tunnel. The material for the structure 
has been chosen considering both, 
mechanical and optical propierties of 
several candidates. Finally, the optimal 
compromise has been found for 

polyester with PVC coating, whose 
transmittance is shown in Figure 1. 
 
 
4.- Results  
 
The required values for Luminance in 
the threshold zone and, oviously the 
relevant illuminence [4] have been 
achieved. For one road tunnel like the 
object of this work (length of threshold 
zone equal to 63m for a maximun 
vehicle speed of 80 km/h), this means 
an energy spare of 22% in the threshold 
zone. 
 
5.- Conclusions 
 
Transparent tension structures have 
been proved to be an effective measure 
in order to achieve important energy 
savings in road tunnels. 
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Figure 1. Transmittance of the material chosen for the tension structure in the range of 
visible light. 

 
 
 
 


