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1. Introduction 
This document details the thermal integrity testing on panel 30 at the Northern Line Extension project 
using CemOptics, the distributed optical fibre sensing system. Panel thermal integrity test started 
immediately after the concreting on 22nd February 2016, and continued until beyond the active 
cementation hydration process was achieved after 48 hours. The point at which it effectively generates 
the maximum amount of heat, when the integrity of the panel can be best assessed. The panel geometry 
and volume of concrete used are presented in Appendix 1. 

 

2. Panel Thermal Integrity Testing 
Three loops of fibre optic cable were installed to the full depth along the panel. The following section 
provides the integrity assessment of the panel based on the measurement collected over a period of 48 
hours after concreting process. Fig. 1 indicates the relative positions of the fibre optic sensor on the 
reinforcement cage and breakout boxes cast along the panel at near face.  

 

Fig. 1. Schematic drawing about the 

instrumentation layout for panel (Not to scale). 

 

The reference reading is chosen on 22nd February 2016 after finishing the concreting pouring process. 
The panel integrity is assessed based on the development of temperature from the average reading as 
the baseline for the analysis. The average development of temperature for a period of 48 hours is shown 
in the heat map in Fig. 2.   
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The detailed change in temperature profiles from the six positions along the panel are shown in Fig 3.  Six 
independent temperature profiles have shown temperature development along the panel, where F1, F2 
and F3 were positioned on the near face of the panel facing into the excavation, and F4, F5 and F6 were 
positioned on the far face side. The temperature profiles from F1, F2 and F3 clearly identify the position of 
two breakout sections along the panel at 92.78 mATD and 84.215 mATD separately with a reduction in 
the recorded temperature profile noted.  

Due to breaks in the cables no data was recorded below 78.25mATD on position F3 and below 
86.5mATD on position F6.  Two channels were used to record the data as detailed in Fig 2.  

Temperature profiles from six positions show consistent development in temperature apart from two 
breakout sections and the average change in temperature along the panel being 21.7 degC.  

 

 

Near Face 

 

Far Face 

Fig. 2. Heat map of temperature change along the panel shaft over the monitoring period  
(Length noted is below the top of guide wall) 
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Fig. 3. Temperature profiles from six measurement positions along the panel after 48 hrs of concreting 
process (mATD denoted metres Above Tunnel Datum). 
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3. Conclusion 
 

Temperature measurement from fibres F4 and F5 show an approximate increase in temperature of 6 
degC when compared to F1 and F2 close to the toe.  As the panel was installed in the London Clay 
formation and the temperature magnitude from F1 and F2 is fairly consistent throughout the entire panel 
length the noted increase is likely to be attributed to an increase in Overbreak between 77mATD and 
74mATD.  

Based on the measurement from six positions along the panel, all panel thermal profiles show the panel 
to be of reliable integrity with the features showing being the box out sections installed at the intended 
depths.  
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4. Appendix 1 Panel Details 
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5. Appendix 2 Optic Fibre Temperature Measurement 

Fibre optic instrumentation has been chosen for the instrumentation of the current project, which is based 
on the Raman back-scattering sensing principle.  This system uses a single continuous fibre optic cable 
that can provide continuous temperature measurements along its length with an accuracy of ±0.6 degC at 
every 25 cm.  

The universal unitube cable (see Fig. 4 below) is used for temperature measurement. The temperature 
measurement cable consists of four optical fibres in a gel filled tube so that it can contract and expand 
under temperature effects, independent of mechanical deformation.  

 

Fig. 4 Universal Unitube Cable for Temperature Measurement. 

Once the fibres are installed their ends need to be spliced to an optical connector that is then plugged in to 
an analyser (see Fig. 5).  An initial ‘baseline’ reading is then taken for comparison to future readings during 
the construction cycle. 

 

Fig. 5. Splicing of Fibre Optic Cables and Connection to an analyser 

The use of fibre optics for the measurement of temperature for assessing the integrity of the structure has 
a number of advantages over conventional systems. Fibre cable only requires to be attached along the 
outside of the cage, it eliminates any risks of trapping fingers inside the heavy reinforcement cage and 
improves health and safety on site.  

The system can be connected immediately and start logging the change of temperature during concrete 
hydration for assessing the integrity of the panel. It provides timely assessment of the integrity than other 
conventional systems. 

 




