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ABSTRACT: Andra and EDF have conducted an outdoor comparison of truly distributed 

optical fiber temperature and strain sensors. Fibers wrapped into different coatings (metallic, 

composite wave-like sensor, multi-fiber cable) were installed at the core of a concrete slab. 

They were connected together to form a single 150m fiber interrogated by Brillouin Optical 

Time Domain Reflectometry (B-OTDR). To filter out temperature influence on strain 

measurements, two techniques were compared:  “Loose-tubes” interrogated with B-OTDR 

versus distributed Raman sensing performed in co-located singlemode optical fibers. 

Measurements taken during 3 days of concrete pouring and hardening are compared to the 

results obtained with other improved techniques. If Raman temperature measurements turned 

out to be more accurate than B-OTDR ones, sensitivity to curvature is enhanced in singlemode 

fiber and may skew measurements. Loose tubes suffered from frictions and cannot be yet 

considered as temperature sensors while paired with B-OTDR. Reference sensors remain 

mandatory for distributed optical fiber measurement interpretations. 

 

1 INTRODUCTION 

Optical fibers are a powerful tool for the monitoring of very large structures as distributed 

measurements (Rogers, 1999) of temperature as well as strain yield data at the overall structure 

scale instead of being limited to local effects. EDF (French Electricity Company) potential 

applications include dams, dike and power plant reactors monitoring. Andra (French national 

agency for management of radioactive waste) potential applications include surface and deep 

geological waste disposal structure monitoring, for instance within highly instrumented disposal 

cells.  

For the last three years, major improvements have occurred in optical fiber sensing area, in 

particular concerning distributed optical fiber temperature and strain sensing. Truly distributed 

measurements detailed in Rogers (1999) rely on Rayleigh, Raman or Brillouin scattering in 

optical fibers, paired with a localization process such as Optical Time Domain Reflectometry 

(OTDR), Optical Frequency Domain Reflectometry (OFDR) or coherent probe-pump technique. 

Raman scattering mainly depends on temperature (Liu & Kim, 2003) and can be performed into 

singlemode and multimode fibers, unlike optical backscattered reflectometry (OBR) relying on 

OFDR (Kreger et al 2006) and Brillouin scattering (Niklès, 1997), sensitive to both temperature 

and strain and commercially available in singlemode fibers only. The various types of 
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optoelectronic instruments are commercially available and may be paired with many different 

sensing cables to provide either temperature or strain measurements. As a result, it may be 

difficult to select the combination of technologies (sensing cable and optoelectronic 

interrogation method) best suited for a given application. Moreover, on site instrumentation 

influence may become predominant. 

For distributed temperature measurements, EDF and Andra have already implemented various 

optical fiber sensor tests, ranging from laboratory tests of Brillouin method conducted with the 

French Atomic Energy Commission (Dewynter et al, 2008) to field qualification of Raman 

scattering in multimode fibers (Fry, 2004). For distributed strain measurements, strain field 

transfer from the host material to the optical fiber presents a significant challenge, further 

increased by its sensitivity to site instrumentation conditions. Moreover, temperature influence 

needs to be separated from mechanical strain. Indeed, whatever the method performing strain 

distributed measurement (OBR or B-OTDR as illustrated in Lanticq et al (2009)), temperature 

influence is far stronger than stain influence. To decorelate temperature from strain influence, 

few choices are offered. For Brillouin scattering, various methods were developed 

(Wait&Newson, 1996) (Lee et al 2001) (Zou 2004), most of which are still at a research and 

laboratory stage. As industrial solutions, loose tubes are often implemented, sometime inserted 

inside the same sensing cable (Inaudi&Glisic 2007). As Raman scattering into singlemode fiber 

(singlemode is mandatory for strain sensing with B-OTDR and OFDR instruments) are 

becoming commercially available, such an instrument could also be paired with a distributed 

strain sensing instrument into a single optical fiber. Andra and EDF conducted an outdoor test 

during the summer 2008 construction of Andra’s Technological Centre in Saudron (East of 

France) near the Andra Underground Research Laboratory (Bure). Distributed strain sensors 

were incorporated in the structure. Loose tube and combination of Raman and Brillouin 

scattering were implemented for temperature compensation. The article focuses on this 

necessary first step.  

2 DESCRIPTION OF THE OPTICAL FIBER SENSING TECHNOLOGIES OUTDOOR 
TEST 

Andra’s Technological Center construction was an opportunity to compare laboratory 

performances of optical fiber sensing chains (sensors and optoelectronics) with field conditions. 

It will be a 4700m² industrial building hosting exhibits of various prototype equipments such as 

containers, large machines for radioactive waste handling (transfer shuttle, pushing robots etc), 

with the purpose of communicating with the general public and enhancing their understanding 

of geological repositories for radioactive wastes. 

Various optical fiber sensing cables were installed at the core of the building concrete slab 

during summer 2008 construction. Instrumentation of this structure material is of major 

importance for Andra, as underground repository galleries and intermediate level radioactive 

waste disposal cells are likely to have an instrumented concrete lining. 

2.1 Optical fiber sensing technologies choice 

Attention was paid to the way the optical fibers were linked with the structure, in order to 

perform accurate distributed temperature and strain measurements. Three among five 

commercially-available sensors meant for distributed strain sensing had been selected after prior 

mechanical and thermal laboratory tests. As a result, singlemode optical fibers wrapped into the 

different coatings as illustrated in figure 1 were installed in the Andra Technological Center 

during construction. The chosen metallic sheath should ensure high endurance to radiations. 

However in this sensor, the optical fiber is attached to and tensioned between anchoring (every 

50cm), which highly transforms the concrete strain field to be sensed. On the opposite, the two 
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other selected sensors offer continuous bonding between the optical fiber and the host material. 

Composite wave-like sensor used in Lanticq et al (2008) and multi-fiber cable used in Lanticq et 

al (2009) are promising but aging into concrete chemical environment remains uncertain. The 

concrete slab instrumentation realized during summer 2008 initiates a long-term evaluation of 

durability.  

   

Figure 1. Various sensing cables tested in Andra Technological Center: Wave-like composite sensor 

(left), metallic tube with tighten optical fiber (center) and multi-fiber cable (right). 

As mentioned in the introduction, to filter out temperature influence on strain measurements, 

“loose-tubes” were placed nearby the strain sensors. “Loose-tube” refers to a standard 

telecommunication fiber patch cable, with a 2.8mm-jacket containing kevlar fiber strength 

members and a hytrel-900µm buffer singlemode optical fiber. A second reinforced “loose-tube” 

was realized by incorporating a similar telecommunication fiber patch into a 5mm protective 

metallic tube. 

2.2 Concrete slab instrumentation  

An 11m reinforcing bar frame carrying the instruments was equipped with 10m-long optical 

fiber strain sensors presented earlier. More precisely, one wave-like sensor and two metallic 

sensors were embedded into concrete, one being augmented with “anchors” in order to reinforce 

adhesion to the host material. The two types of loose tubes were collocated. These strain and 

temperature sensors were connected together thanks to FC/APC connectors, so as to form a 

single 100m long optical fiber line. Apart from the concrete slab instrumentation, a metallic 

beam was also instrumented and connected to the concrete instrumentation which added 50m 

long optical fiber in the optical line. Two 50m-long coils were inserted to perform remote 

measurements from a bungalow placed nearby the construction site. In total, the optical fiber 

line was 250m long interrupted by 18 connectors and two splices. Finally, 200m of multi-fiber 

sensor was coiled into the same reinforcing bar frame.    

  

Metallic sensor 

with anchors 

Wave-like 

sensor 

Metallic sensor  
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Figure 2. Optical fiber sensing cables fixed on reinforcing bar frame embedded into a concrete slab. 

2.3 Reference sensors 

Pt100 and vibrating wire extensometers (VWS) were placed nearby the optical fiber sensors and 

enabled fair comparison. Inside the concrete slab, 3 Pt100 were distributed along the 10m long 

optical fiber sensors. One VWS was inserted inside the frame. Three VWS were placed in a 

distinct frame along three perpendicular axis. Finally a reference concrete sample (16cm in 

diameter 32cm height) was also instrumented.  

   

Figure 3. Reference sensors (Pt100 and vibrating wire sensors) were placed inside the frame containing 

optical fiber sensors (left) inside a specific frame (middle), or embedded into a reference concrete sample 

(right). 

3 DISTRIBUTED MEASUREMENTS: TEMPERATURE INFLUENCE 

All the sensors endured installation, concrete casting and vibration. Unexpectedly, few fiber 

splices were degraded whereas connectors appeared well suited even in terms of power budget.  

In the following only the first results of concrete slab instrumentation are discussed.  

We took the opportunity of the concrete hardening process to thermally validate the distributed 

measurement chain. Indeed, concrete warming is expected in the first few hours after casting 

due to the exothermal chemical reaction, followed by a cooling towards ambient temperature. In 

fact, night and day temperature variation as well as the exothermic concrete pouring induced 

approximately 10°C variation. Raman distributed temperature measurements were taken during 

night and day variations inside the same sensing chain as Brillouin measurements. During the 

three days of concrete hardening, Raman distributed measurements were acquired 

simultaneously as Brillouin measurements, yet in a different optical fiber sensing line (multi-

fiber sensor), for ease of operations.  

B-OTDR raw measurements give Brillouin frequency υB that can be interpreted in terms of 

strain and temperature variation according to the law:  




 CTC
nV
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a

B 
0

2
  (1) 

with CMHzCT  /92.0  and  µMHzC /05.0  for G652 (the standard singlemode fiber).  

Temperature measurements obtained with the different techniques are illustrated in figure 4. 

Raman and Brillouin distributed measurements were considered in the center of the reinforcing 

bar frame, at the location of one of the reference sensor. In a first approach, the Brillouin signal 

was analyzed for temperature measurements assuming that the influence of strain is negligible.  

All the measurements were arbitrary set at zero 2 hours after concrete pouring, although 

absolute temperature can be derived from previous laboratory calibration. In fact, as shown in 

Pt100 VWS 
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figure 4, below this two hour time, measurements were highly perturbated by solicitations due 

to working activity: concrete dumping, vibrating concrete rulers, workers walking into fresh 

concrete, as illustrated in figure 2 (right).  
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Figure 4. Temperature measurement during concrete hardening: Reference sensors versus distributed 

optical fiber sensors taken at the center of the frame. 

 

During the exothermal reaction, Raman distributed temperature measurements showed a very 

good match with reference measurements (constant shift of 1°C obvious in figure 4 is 

suppressed by delaying the zero 1hour later). Good match is also observed considering 

temperature heterogeneity along the frame, in the order of 1.5°C at the temperature increase 

apogee. However, Raman scattering in singlemode fiber proved to be far too sensitive to 

curvature for civil engineering applications. As shown in figure 4, approximately 20 hours after 

concrete pouring, Raman measurements became unrealistic, with a sudden temperature increase 

of more than 4°C. Other measurements taken further in the same cable showed that this 

unexpected deviation got worst along the sensing cable apparently each time the cable was 

curved or coiled instead of straight. Although it is a well-known fact that Raman temperature 

calibration depends on optical fiber losses (Lee et al, 2008), such a strong and sudden influence 

was unexpected and is attributed to singlemode fibers specificities, all the more as working 

wavelength was not taken into account. Prior outdoor applications of Raman scattering have 

always been implemented in multimode fibers. 

B-OTDR measurements taken in strain sensors (metallic and wave-like) or in the loose tubes are 

quite similar. The first analysis of the Brillouin signal (figure 4) yields an overestimate of 

temperature, the difference with reference sensor reaching up to 3°C during initial 

measurements. This discrepancy is linked to Brillouin sensitivity on strain. Indeed, as illustrated 

in figure 4 ( cf. curves with triangle symbols), the analysis of the Brillouin signal obtained along 

the wave-like sensor yields measurements in great accordance with reference measurements if 

the calibration coefficient is taken equal to 1.42MHz/°C instead of 0.92 MHz/°C. This new 

value can be justified considering the concrete thermal expansion that constrains the sensor as 

soon as concrete reaches a solid state. As detailed in Lanticq et al (2008), Brillouin frequency 

shift with temperature should then be written:  

TCTCTC concreteTB  ')(    (2) 

Assuming concrete = 12·10
-6

/°C, C’= 1.42 MHz/°C.  
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Concrete hardening was completed approximately 10hours after pouring, as evidenced by VWS. 

Combination of the two curves interpreted from raw Brillouin measurements taken along the 

wave-like sensor would then lead to perfect match with reference temperature sensor. Similar 

explanation can be given for metallic sensors. Yet, in the loose tubes, the optical fiber should be 

free from strain induced by the host material. As illustrated in figure 5, frictions still occurred 

and its influence was enhanced by the 1m B-OTDR spatial resolution. Indeed, even before 

concrete pouring, Brillouin frequency along a single fiber coil was not perfectly homogeneous, 

cause to pointwise attachments to the frame (illustrated in figure 2 left). Reinforced loose tube 

ensured a much better protection than a standard telecommunication coil.    
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Figure 5. Raw B-OTDR measurements along the two loose tubes during concrete hardening. 
 

4 CONCLUSIONS 

This outdoor experiment provides interesting results that highlight some advantages and reveal 

some drawbacks of these different technologies for accurate temperature distributed 

measurements, in view of strain distributed measurements. If Raman temperature measurements 

turned out to be more accurate than B-OTDR ones, sensitivity to curvature is enhanced in 

singlemode fiber and may skew measurements. Special attention must be paid to the 

optoelectronic instrument working wavelength related to the sensing cable fiber. Loose tubes 

suffered from frictions and cannot be yet considered as temperature sensors while paired with 

B-OTDR. Reference sensors remain mandatory for distributed optical fiber measurement 

interpretations as these indications give good relative evaluations but are far from absolute 

calibrated measurements.  

Further measurements are scheduled and will allow a deeper analysis including distributed 

strain sensing.   
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