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Abstract 

 
Detecting corrosion of prestressing strands in concrete structures requires non-destructive 

techniques like acoustic emission (AE), which allows the monitoring of active defects of the 
structures. The aim of this work is to adapt AE to structural characteristics of bridges, to detect 
and localize stress corrosion cracking (hydrogen embrittlement) of tendons.  Accelerated corro-
sion tests with ammonium thiocyanate on tensioned cables have permitted to validate AE system 
capacity to detect signals coming from hydrogen embrittlement mechanism. Distinction by AE of 
the different stages of the mechanism (crack initiation, crack propagation, etc.) occurring on pre-
stressing strands is observed. Limited accessibility to strands on bridges has also been taken into 
account by placing AE sensors on wire anchorage. Results show effects of wave dispersion but 
the discrimination of AE hits is possible. This work presents the potential of AE monitoring to 
detect, in their earliest stage, damages to prestressing strands, but the limitation of AE technique 
is also pointed out. 

 
Introduction 
 

Non-destructive testing is multi-faceted and diversified. Most of them allow no real-time con-
trol of structural damage evolution, in contrast to acoustic emission (AE). Due to the collection, 
by sensors placed on the structure, of acoustic waves emitted by active defects, the detection and 
localization of damages can be done [1-2]. Naturally, a non-destructive method has to be adapted 
to the degradation characteristics but also to the monitored structure. 

Bridges studied in this work are prestressed bridges. In addition to many bridges, which bene-
fit from this technology (48% of new structures use this construction technique), this method is 
also used for nuclear power-plant construction or for energy production units. It is based on con-
crete compression maintained by the way of tensioned wires (at 80% UTS) of high mechanical 
strength [3]. Wires are maintained in ducts placed inside concrete walls of post-tensioned pre-
stressed bridges. A grout is injected inside the duct to protect wires from corrosion. Concrete 
compression is realized by dint of anchorage systems at each side of the concrete component [4]. 
Despite the use of protection, metallic strands can suffer from corrosion, notably stress corrosion 
cracking [5]. It can be initiated by material surface defects or by ionic species in the interstitial 
liquid of concrete, near strands. In these initiation zones, the presence of high strain conditions 
associated with an appreciable hydrogen concentration cause the metallic embrittlement [6]. 
When stresses in the crack tip reach a critical value, then the crack propagates until rapid wire 
failure. 

AE has shown its capacity to detect corrosion phenomenon [7-14]. Besides, it is used on 
bridges to detect different damage types [15-18], but also in other areas, notably on metallic 
structures suffering form corrosion like storage tanks.  

This work offers to validate the capacity of AE system to detect stress corrosion cracking 
(hydrogen embrittlement), and the final aim is to be able to characterize the different degradation 
stages of prestressing tendons. Characteristic parameters coming from AE analysis are attributed 
to each corrosion mechanism. At the same time, a comparison of results obtained on sensors 
glued at different places on the structure is utilized to observe the acoustic waves propagation. 
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Testing Device and Experimental Procedure 
 

Specimens are prestressing strands of T15-7 type. It is a cable including a straight central wire 
with six other wires surrounding it helicoidally (Fig. 1). The steel used to manufacture these 
strands is obtained after cold drawing process. This process results in a microstructure composed 
of fine pearlitic grains fully oriented in the wire axis. This microstructure offers to the strand im-
portant mechanical characteristics, notably concerning the ultimate tensile stress (UTS) about 
1900 MPa (the force of 285 kN for T15-7).  

 

 
 

Fig. 1. T15-7 strand geometry: composed by a central wire and 6 helical wires. 
 

Table 1. Chemical composition and mechanical properties of cold-drawn steel for T15-7. 
 

Chemical composition [wt%]  
C 0.8 
Si 0.25 
Mn 0.50 
P 0.02 
S 0.02 
  
Mechanical properties  
F0,1 [kN] 275 
Fm [kN] 295 
Elongation [%] 5.3 
Section surface [mm²] 150 
Pitch [mm] 240 

 
The testing device used to apply a constant force to specimens is presented on Fig. 2. Basi-

cally, it is composed of a rigid frame and a hydraulic jack allowing tensioning a cable at 80% of 
its UTS (≈ 220 kN). 

The corrosion cell permits to apply a corrosive surrounding to the strand. The corrosive solu-
tion chosen is ammonium thiocyanate (NH4SCN) with a concentration of 250 g.l-1, following EN-
ISO Standard 15630-3. The ammonium thiocyanate is known to make steel prone to hydrogen 
embrittlement by inhibition of recombination reaction of hydrogen atoms.  For the test, the corro-
sive solution is kept at a constant temperature (50°C). 

Some selection tests of the sensors have permitted to choose the sensor presenting the best ra-
tio for detection/easy uses. The sensor having the best results is micro-80 sensor (EPA). For the 
strand monitoring in laboratory, four sensors have been used (Fig. 2). Sensors 1 and 2 are located 
on each side of the corrosion cell to have reference signals. Sensors 3 and 4 are glued on the an-
chorage system: sensor 3 is placed on the wedge system and sensor 4 on the wire end. The sensor 
coupling with the structure is done with a rigid paste (HBMX60 paste). Received signals are am-
plified and then processed by the AE system. The sampling frequency used for the data acquisi-
tion is 1 MHz. The acquisition threshold used is 26 dB. 

 
Results and Discussion 
 
Hydrogen embrittlement detection: Sensor having collected the most AE hits is sensor 2. Collec-
tion ratio differences between all sensors can be explained: 
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Fig. 2. Strand loading system and AE sensor positions. 

 

 
Fig. 3. AE hits and energy evolutions with time on channel 2. 

• For sensors 3 and 4, separated from corrosion cell (signal dispersion coming from wave 
propagation and multiple impedance crossing). 

• For sensor 1, by a less efficient coupling than for sensor 2. 
All analysis will be made with results obtained on sensor 2. Figure 3 present cumulated AE num-
ber and cumulated energy evolutions with time. We can see four different stages: 

Stage 1: from 0 to 15-20 hours. We observe a low number of hits whose energy is also low. 
This stage corresponds to the homogenization and chemical stabilization of specimen in the cor-
rosive solution after the filling up of the corrosion cell. This stage is then inherent to the test pro-
cedure. 

Stage 2: from 15-20 hours to 110-120 hours. For this period, AE behavior is characterized by 
a substantial increase of AE hit counts, but AE energy evolves differently. From the literature, we 
can attribute this behavior to hydrogen formation and bubble bursting at the specimen surface 
[12][19-21]. Besides, Jomdecha et al. [22] showed that for stress corrosion cracking mechanism a 
strong AE activity appears to come from hydrogen. These mechanisms involve the corrosion 
passive layer breakdown and the hydrogen diffusion inside metal matrix. 

Stage 3: from 110-120 hours to 275 hours. It can be characterized like a steady state where 
the increase of AE hits is very low, so as cumulative energy. It is an initiation stage concerning 
hydrogen embrittlement and general corrosion occurs. A post-mortem analysis has shown general 
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corrosion near fracture area. At the end of this stage when hydrogen uptake is sufficient for the 
steel to exceed the threshold stress intensity factor (KISCC), rapid crack propagation takes place. 

Stage 4: after 275 hours. It is pure crack propagation phenomenon affecting a large volume of 
metal characterized by low AE hit counts of high AE energies. This stage is very brief until final 
strand failure (<12 hours).  

Characteristics of AE hits coming from each damage stage have been analyzed. First phase 
has been omitted from this study because its length is very limited and its detection on bridges is 
of little interest. Four AE parameters (amplitude, duration, AE counts, AE hit counts) character-
izing evolution during phases 2, 3 and 4 (Table 2) have been chosen. All hits have been consid-
ered including hits near strand breakage. Best discrimination parameters for each phase are dura-
tion and counts. Although high hit counts characterize phase 2, this parameter does not allow 
clear distinction between phase 3 and phase 4.  Amplitude is also unable to distinguish between 
phases 2 and 3 because amplitude remains the same. 

 
Table  2. Means values of AE parameters for damage phases 2, 3 and 4 (channel 2). 

 
 AE on channel 2 Phase 2 Phase 3 Phase 4 
Amplitude (dB) 33 33 39 
Duration (µs) 182 384 664 
Counts 8 22 67 
AE hits 62138 2627 2793 

 

 
Fig. 4. Hits and energy evolutions with time 
on sensor 3 (channel 3) 

 
Fig. 5 Hits and energy evolutions with time on 
sensor 4 (channel 4) 

 
Table  3. Mean values of AE parameters for damage phases 2, 3 and 4. 

 
 AE on channel 3 Phase 2 Phase 3 Phase 4 
Amplitude (dB) 33 34 39 
Duration (µs) 790 1138 1303 
Counts 34 68 89 
AE hits 2470 2553 1437 
 AE on channel 4 Phase 2 Phase 3 Phase 4 
Amplitude (dB) 34 34 39 
Duration (µs) 543 1115 757 
Counts 41 58 72 
AE hits 1902 2640 1864 

 
AE monitoring on the anchorage system; For all tests, sensors 3 and 4 (placed on anchorage and 
on strand end, respectively) have detected strand corrosion degradations. These evolutions for 
both sensor locations are quite similar and when we compare with results obtained for channel 2, 
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the four damage stages are not so clearly recognized. Nevertheless, we can identify phases 1 and 
4 limits. When we apply now the same data processing as above (Table 3) we observe that ampli-
tude parameter has nearly the same value for sensors 2 to 4 (channels 2 to 4). 

Concerning AE hits, their number is clearly lower for channel 3 and 4 (notably for phase 2) 
than for channel 2. Despite a reversal of lower duration value for sensor 4, duration and counts 
seem to be also valid discrimination parameters for sensors glued on the anchorage system. 
 
Conclusion 
 

Although SCC mechanisms induced by hydrogen are complex, AE has permitted to distin-
guish different damage stages.  By a rather simple approach using classical AE parameters, AE 
monitoring is able to differentiate four stages of the evolution of corrosion damage. Most emit-
ting mechanisms are bursting of hydrogen bubbles or fast crack propagation that can easily be 
determined with these parameters. 

A comparison of AE signals obtained near damages (sensor 2) and on the anchorage system 
(sensor 3 and 4) permits us to conclude that a discrimination of the different damage mechanism 
is still possible using AE parameters of duration and AE counts. 

Results obtained, notably on anchorage (sensor 3) are hopeful and show interesting capacities 
of AE for the early detection of stress-corrosion cracking damages in prestressing strands ten-
sioned on usual configurations. 
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