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Abstract 
Raiser failure is one of the most catastrophic events on petroleum platforms. This event can be produced 
during installation of Riser or later, due to mechanical fatigue of the riser armor layer. However, riser 
failure could be prevented by detecting the progressive rupture of the armor wires that compose the riser. 
This work describes a method for the detection of armor wires rupture. The study was carried out under 
the hypothesis that the riser is under static load, which is expected to be one of the most common stress 
states for platform risers. 
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1. Introduction 

When operating in deep waters, the main failure mode of flexible risers occurs at the 
riser top section close to the end fitting, due to fatigue in tensile armor wires. There are 
a few non-destructive methods that could be used to detect this phenomenon [10-28]. 
This fact arises from the impossibility of determining the rupture location of the armor 
wire, which excludes the use of traditional NDT techniques such as ultrasound, eddy 
current and flux leakage.  
 
Previous works have proposed different methods for monitoring riser failure [10-28,30].  
Theses methods comprise: automated visual inspection [10,26], which focuses on 
detection of small angle deformations and on online data acquisition, in order to provide 
immediate identification of  non-conformities; acoustic emission [27], that has been 
applied to detect the instant of rupture of armor wires; fiber-optics Bragg grating (FBG) 
sensor technology [28], using permanent FBG strain-gauges, and thin steel collar, 
instrumented with FBG strain-gauges,  based on the fact that wire failures can be 
detected as they can cause variation in the external diameter of the polymeric jacket 
covering the riser. Other approaches use a technology that integrates FBG sensors along 
grooves in tensile wires during pipe manufacturing [29]. Thus, strain and temperature 
can be monitored along several meters of wires and ruptures are easily detected. 
Although new flexible pipes can be manufactured with this feature, the technology 
cannot be applied to existing pipes. These methods have some disadvantages: (i) they 
require  the inspection to be performed close to  the rupture area, (ii) they are unable to 
detect the rupture of individual armor wires (iii) some of these methods are not 
nondestructive.  
 

On the other hand, an electromagnetic tool MAPS-FR has been proposed [11]. This 
equipment can estimate stress on armor wires in a noninvasive manner. The technique is 
based on a combination of magnetic methods and   does have the necessary attributes 
for being classified as an appropriate technology, since intimate contact with the 
measured material is not needed. Conversely, stress measurement is possible, as it is 
known that the magnetic properties of ferromagnetic materials are sensitive to internal 
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stress. MAPS stress measurement technology has been adapted to perform stress 
measurement in flexible pipes. This technique involves a number of low-frequency 
electromagnetic measurements.  Nevertheless, the aforementioned work presented only  
results that demonstrated some dependence with the external load variation in ideal 
experimental conditions. Furthermore, Daniel Pipa et al. [30] have developed a 
technique for monitoring of armor layers of flexible risers. The method could be applied 
to the full riser and under applied tension. However, they found several sources of noise 
when measuring electromagnetic properties contactlessly, such as movements between 
specimen and probe, and significant magnetic noise [26]. 
 
On the other hand, previous works on  Magnetic Barkhausen Noise (MBN) have shown 
that the MBN presents  high sensitivity to stress and plastic deformation [2-7]. 
Furthermore, it was shown that  MBN parameters such RMS and Maximum Peak Value 
as well as  envelope shape present a higher correlation with applied tension than the 
hysteresis parameters [3]. In this context, the present study describes and proposes an 
effective method for detection of rupture of individual armor wires for Risers Pipes 
based on the MBN.   Conclusions of this study corroborate the previous hypothesis that 
broken armor wires are not affected by the applied tension and that the MBN signal for 
the broken wires are almost constant.  This response or lack of response of MBN signal 
of no broken and broken wires has been used, in combination with clustering methods, 
for detection of armor wires rupture [31]. The outcomes obtained in this case are very 
accurate, with a detection percent of 93 %. Nevertheless, the aforementioned method 
requires that the frequency of load, ω, and the load oscillation amplitude, ∆T, should not 
be too small (ω >=0.001Hz , ∆T >= 10 % T)  
 
Conversely, in the case where ω and ∆T are very small (the load presenting very slow 
variation between static levels of tensions), this method could not be applied. Thus, the 
present work describes a method that allows detecting the armor wires rupture only 
when riser is under quasi-static load, which corresponds to the most common field 
situation.  
 

2. Methods and Materials 

The studied riser was installed on a PETROBRAS Oil Transnational Company  
platform. Its structure is sketched  in figure 1.  



 

 

 

Figure 1 components of a flexible riser. 
 
PETROBRÁS experience concerning the use of flexible risers has revealed that  
damages are produced on the outer layer of tensile armors,the second most exterior 
layer of the riser (see figure 1).  
 
Figure 2 shows the experimental setup used for the measurements of MBN signals on 
the riser. 

 
 

Figure 2 Scheme of the experimental setup 
 
 
A personal computer (PC) with a data acquisition device (with A/D, D/A and D/D 
channels) supplies a sinusoidal wave of 3 Hz that feeds the magnetic circuit in order to 
magnetize the samples. The magnetic circuit in this case is formed by a coil, the steel 
riser cables and a ferromagnetic steel shell that covers the coil.  
A belt of 37 MBN sensors (one sensor for each cable) is wounded around the riser. The 
measurement of each sensor is carried out using a multiplexer circuit. The output is 
amplified and band pass filtered (1–100 kHz). The MBN signals were visualized in a 
digital oscilloscope and a data acquisition device performed the digital acquisition with 



 

 

a sampling frequency of 200 kHz. The entire process is controlled by the software 
RISERVIEW. 
 
The purpose of this ferromagnetic shell is to increase  strength and uniformity of the 
magnetic field on the armor wires, by closing the magnetic circuit around the coil.  

3. Results and discussions 

Previous works have revealed that the detection of armor wires rupture using MBN for 
the riser under cyclic load could be performed by means of normalized power spectrum 
shape [31]. Nevertheless, in the present case ω and ∆T are very small (load presenting 
very slow variation between static levels of tensions), the aforementioned method could 
not be applied.    
Figure 3 shows the Vrms of a single armor wire and their mean value for two load 
values, 1000 kN and 2000 kN. 

 

Figure 3   Vrms of a single armor wire for two load values. 

 
It can be seen from this figure that the mean values of Vrms for two different values of 
load are not very much different and the time dependence  at one load value sometimes 
superimposes on the time dependence at the other load value. Thus, it is difficult to use 
the mean values of Vrms for analyzing tension response of armor wires. Also, in this 
case, we do not have a harmonic component due to fluctuation of charge since the 
charge is constant. Thus the difference in the power spectrum of the Vrms dependence 
on time could not be used as an indicator of rupture.  
However, if one analyzes not the power spectrums of the Vrms dependence but the 
mean power spectrum of the envelope of MBN signals and compare them for different 
values of load, interesting results are obtained 
Figure 4 shows the difference in the mean power spectra of the MBN envelope at two 
values of load (1000 kN and 2000 kN) for 9 armor wires. 



 

 

a) b) c)  

d) e) f)  

g) h) i)  
Figure 4 Difference in the mean power spectrum at 1000 kN and 2000 kN of 9 armor 
wires 
 
The armor wires b), c), e) and i) are not broken and the a), d), g) and h) are broken. 
Thus, in this case, a pattern can be easily identified. It can be seen from this curves that 
the difference between power spectra at 1000kN and 2000kN remains constant, for that 
range between 0.1 kHz to 10 kHz. This constant value is given by a horizontal line in 
the curves. Also, the curves reveal that, when the low frequency values of power 
spectrum differences are higher than the constant value at high frequencies, the armor 
wire is broken and when it is lower the riser is unbroken. This rule seems to be true for 
almost the entire set of the analyzed armor wires. However, in some cases one obtains 
results that are not coincident with the real state of the armor wire. For example f) 
seems to be an unbroken armor wire but, in fact, it is broken. These misclassifications 
seem to have been produced by the displacement of the sensor with respect to the armor 
wire. In these cases the sensor corresponding to the misclassified armor wire obtained 
the signal from the neighbor armor wires, that were unbroken.  
Table 1 shows the list of broken and unbroken armor wires, the misclassifications being 
marked with gray color. 
 
Table 1  
Broken  wires  

3 
 
4 

 
5 

 
8 

 
9 

 
10 

 
11 

 
12 

 
13 

 
14 

 
18 

 
19 

 
20 

 
21 

 
22 

 
26 

 
31 

 
33 

 
34 

 
35 

No-broken  
wires 

 
1 

 
2 

 
7 

 
14 

 
15 

 
16 

 
17 

 
23 

 
24 

 
25 

 
27 

 
28 

 
29 

 
30 

 
32 

 
36 

 
37 

   

 

After applying the method to all the riser armor wires we obtained only 4 misclassified 
samples from 37. Thus the classification rate is approximately 90 %. Taking to account 
that the method is contactessly (over the polymer layer), this is remarkable outcome. 
Thus the next stage will be the application of this method on petroleum platforms   
 



 

 

4. Conclusions 

The present work shows that the MBN technique is an effective method for detection of 
petroleum platform riser failure when a static load is applied to the riser. The method 
analyzes the difference between power spectra of MBN signals at two different load 
values. The obtained classification rate using this method is high (90 %), especially 
when considering the great complexity of the system. Also, these outcomes in 
combination with previous results [31] reveal that the MBN is an effective technique for 
failure detection of riser under dynamic and static load conditions. 
 
5. Acknowledgments 

The authors would like to thank the financial support of Brazilian agency FAPESP/ 
Proc. No. 2008/10859-0.  

 
6. References 
 

1. B. D. CULLITY, Introduction to magnetic material (Addison-Wesley, London 1972). 
2. PEREZ-BENITEZ, J. A., CAPO-SÁNCHEZ, J., PADOVESE, L. R. A study of plastic 

deformation around a defect using the magnetic Barkhausen noise in ASTM 36 steel. 
NDT & E International. , v.41, p.53 - 58, 2007. 

 
3. CAPO-SÁNCHEZ, J., PEREZ-BENITEZ, J. A., PADOVESE, L. R. Analysis of the 

stress dependent magnetic easy axis in ASTM 36 steel by the magnetic Barkhausen 
noise. NDT & E International. , v.40, p.168 - 172, 2007. 

 
4. PEREZ-BENITEZ, J. A., CAPO-SÁNCHEZ, J., PADOVESE, L. R. Modeling of the 

Barkhausen jump in low carbon steel. Journal of Applied Physics. , v.103, p.04391 - 
04396, 2008. 

 
5. CAMPOS, M. A., CAPO-SÁNCHEZ, J., PEREZ-BENITEZ, J. A., PADOVESE, L. R. 

Characterization of the elastic–plastic region in AISI/SAE 1070 steel by the magnetic 
barkhausen noise. NDT & E International. , 2008. 

 
6. PEREZ-BENITEZ, J. A., CAPO-SÁNCHEZ, J., ANGLADA-RIVERA, J., 

PADOVESE, L. R. A model for the influence of microstructural defects on magnetic 
Barkhausen noise in plain steels. Journal of Magnetism and Magnetic Materials. , v.288, 
p.433 - 442, 2005. 

 
7. PEREZ-BENITEZ, J. A., PADOVESE, L. R., CAPO-SÁNCHEZ, J. Dependence of the 

magnetic Barkhausen emission with carbon content in commercial steels. Journal of 
Materials Science. , v.39, p.1367 - 1370, 2004. 

8. H. Corrignan, R. T. Ramos, R. J. Smith, S. Kimminau, and L. El Hares, “New 
monitoring technology for detection of flexible armor wire failure,” in Proceedings of 
the Offshore Technology Conference (OTC ’09), 2009. 

9. M. G. Marinho, C. S. Camerini, S. R. Morikawa, D. R. Pipa, G. P. Pires, and J. M. 
Santos, “New techniques for integrity management of flexible riser end-fitting 
connection,”in Proceedings of the 27th International Conference on Offshore 
Mechanics and Arctic Engineering, Estoril, Portugal, June 2008. 

10. J. C. McCarthy and D. J. Buttle, “Non-invasive magnetic inspection of flexible riser,” in 
Proceedings of the Offshore  Technology Conference (OTC ’09), Houston, Tex, USA, 
May 2009. 



 

 

11. Health and S. Executive, “Guidelines for integrity monitoring of unbonded flexible 
pipe,” Tech. Rep., Health and Safety Executive, 1998. 

12. M. G. Marinho, J. M. dos Santos, and R. D. O. Carneval, “Integrity assessment and 
repair techniques of flexible risers,” in Proceedings of the 25th International Conference 
on Offshore Mechanics and Arctic Engineering (OMAE ’06), Hamburg, Germany, June 
2006. 

13. A. P. Institute, API RP 17B—Recommended Practice for Flexible Pipe, API Publishing 
Services,Washington, DC, USA, 2002. 

14. A. Berg and N. J. Rishøj-Nielsen, “Integrity monitoring of flexible risers by optical 
fibres,” in Proceedings of the 21st International Conference on Offshore Mechanics and 
Arctic Engineering (OMAE ’02), vol. 3, pp. 47–52, 2002. 

15. L. A. Mesquita, J.M. Santos, P. Loureiro, and A. L. Carvalho, “Monitoramento das 
válvulas de despressurizacão de gás percolado no espaço anular de risers de producão e 
exportacão de óleo e gás,” in Proceedings of the Rio Pipeline Conference and 
Exposition, 2005. 

16. A. Felix-Henry and P. Lembeye, “Flexible pipes in-service monitoring,” in Proceedings 
of the 23rd International Conference on Offshore Mechanics and Arctic Engineering 
(OMAE’04), vol. 3, pp. 149–154, 2004. 

17. J. Marsh, P. Duncan, and I. MacLeod, “Offshore pipeline and riser integrity—the big 
issues,” in Proceedings of the Offshore Technology Conference (OTC ’09), 2009. 

18. C. Saunders and T. O’Sullivan, “Integrity management and life extension of flexible 
pipe,” in Proceedings of the Offshore Technology Conference (OTC ’07), 2007. 

19. J. W. Picksley, K. Kavanagh, S. Garnham, and D. Turner, “Managing the integrity of 
flexible pipe field systems: industry guidelines and their application,” in Proceedings of 
the Annual Offshore Technology Conference, pp. 609–618, 2002. 

20. J. Picksley, “State of the art flexible riser integrity issues: study report,” Tech. Rep., 
MCS International, 2001. 

21. N. Weppenaar, A. Kosterev, L. Dong, D. Tomazy, and F. Tittel, “Fiberoptic gas 
monitoring of flexible risers,” in Proceedings of the Offshore Technology Conference 
(OTC ’09), 2009. 

22. R. Roberts, S. Garnham, and B. D’All, “Fatigue monitoring of flexible risers using 
novel shape-sensing technology,” in Proceedings of the Offshore Technology 
Conference (OTC ’07), 2007. 

23. R. Thethi, H. Howells, S. Natarajan, and C. Bridge, “A fatigue monitoring strategy and 
implementation on a deepwater top tensioned riser,” in Proceedings of the Offshore 
Technology Conference (OTC ’05), 2005. 

24. E. Binet, P. Tuset, and S. Mjøen, “Monitoring of offshore pipes,” in Proceedings of the 
Offshore Technology Conference (OTC ’03), 2003. 

25. M. G. Marinho, C. S. Camerini, J. M. Santos, and G. P. Pires, “Surface monitoring 
techniques for a continuous flexible riser integrity assessment,” in Proceedings of the 
Offshore Technology Conference (OTC ’07), Houston, Tex, USA, 2007. 

26. S. D. Soares, C. S. Camerini, and J. M. C. de Santos, “Development of flexible risers 
monitoring methodology using acoustic emission technology,” in Proceedings of the 
Offshore Technology Conference (OTC ’09), 2009. 

27. S. R. K. Morikawa, C. S. Camerini, D. R. Pipa et al., “Monitoring of flexible oil lines 
using FBG sensors,” in Proceedings of the 19th International Conference on Optical 
Fibre Sensors, vol. 7004 of Proceedings of SPIE, pp. 70 046F- 1–70 046F-4, April 
2008. 

28. M. Andersen, A. Berg, and S. Saevik, “Development of an optical monitoring system 
for flexible risers,” in Proceedings of the Offshore Technology Conference (OTC ’01), 
2001. 

29. Jain A.K, Murty M.N and Flynm P.J, Data Clustering: A Review, ACM Computing 
Surveys, (1999) v.31(3), p. 265-323.  

30. Daniel Pipa, SérgioMorikawa, Gustavo Pires, Claudio Camerini, and João Márcio 
Santos, Flexible Riser Monitoring Using HybridMagnetic/Optical Strain Gage 



 

 

Techniques through RLS Adaptive Filtering, EURASIP Journal on Advances in Signal 
Processing, (2010)  ID 176203. 

31. Perez-Benitez, J. A., M. Caldas-Morgan, Alberteris-Campos, M, Padovese, L 
Automatic Monitoring of Flexible Risers using Magnetic Barkhausen Noise and 
clustering methods Proccedings of The 16th International Workshop On 
Electromagnetic Nondestructive Evaluation, (March. 2011), Chennai. 

 


