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ABSTRACT 

 

 

 

This paper studies the feasibility of using fiber optic sensing technology to monitor 

corrosion-induced damage in reinforced concrete (RC) beams.  Five series of RC beams were 

subjected to varying degrees of corrosion-induced damage by varying the composition of the 

concrete mix and subjecting all specimens to the same accelerated corrosion environment.  A 

concrete-embeddable fiber optic strain sensor (FOSS) was used in each corroded beam to 

measure the corrosion-induced tensile strains in the concrete and the tendency of the concrete 

cover to delaminate.  A correlation between the FOSS strain and the amount of steel loss due 

to accelerated corrosion was established.  Correlations have also been established between 

the FOSS strains and the reduction in the load carrying and the midspan deflection capacity at 

failure.   The proposed technique was found to be useful in detecting corrosion-induced 

damage in RC structures where visual inspection is not possible. 

 

Key words:  Fiber optic strain sensor; corrosion damage; spalling; delamination; correlation; 

structural health monitoring. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3 

  

INTRODUCTION 

 

A structure with a structurally-integrated fiber optic sensing system has been referred 

to in literature as a smart structure [1-5].  In recent years, the use of fiber optic sensors in 

civil engineering applications has been the focus of considerable research.  Because of their 

small size and lightweight, fiber optic sensors can be easily integrated into new or existing 

structures, thereby, offering new and improved techniques for structural health monitoring of 

instrumented structures. 

The deterioration of reinforced concrete structures due to reinforcement corrosion has 

been recognized as a major problem worldwide [6].  The corrosion of a reinforcing bar is 

accompanied by the production of iron oxides and hydroxides, which occupy a volume larger 

than the original metal.  As a result, a large pressure is exerted on the surrounding concrete, 

which results in local radial cracks.  These cracks can propagate along the bar, producing 

longitudinal cracks, which can lead to severe corrosion problems [7].  This is because the 

corrosion reaction can develop and continue along the bar resulting in general corrosion.  

Consequently, a significant bursting pressure is created by the corrosion products resulting in  

further cracking and in extreme cases spalling of the concrete, especially at corner bars [8].  

When spalling of the concrete cover occurs, the corrosion process accelerates (corrosion of 

exposed bars may occur at about 10 times the rate at which it occurs at a crack [9]), and the 

member is likely to experience loss of strength.  In addition, a large crack may form parallel 

to the concrete surface at a plane of bars, resulting in the delamination of the surface, a 

serious problem in bridge decks [7].   

Key to the successful upgrading and maintenance of aging infrastructure facilities is 

timely detection and quantification of damage, particularly so for damage which builds-up 

over time during the functional life of the structure, such as corrosion-induced damage.  In 

this study, a fiber optic sensing technique is proposed for the long-term monitoring of 
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 corrosion-induced damaged in RC beams.  Five series of RC beams were subjected to 

varying degrees of corrosion-induced damage by varying the composition of the concrete mix 

and subjecting all specimens to the same accelerated corrosion environment.  With the use of 

a concrete embeddable fiber optic strain sensor (FOSS), the tendency of the concrete cover to 

delaminate due to reinforcement corrosion was measured.  The use of fiber optic sensing 

technology in this manner provides an additional means of monitoring corrosion-induced 

damage in RC structures where visual inspection is not possible.  

 

REPORTED APPLICATIONS OF FIBRE OPTIC SENSING TECHNOLOGY 

 Fibre optic sensors applied to structural engineering components and systems have 

been reported extensively.  Fuhr et al. [10] reported the use of fiber optic sensors in 

reinforced concrete beams.  Their study involved the embedding of optical fibers of various 

types inside small RC beams.  The initial tests focused on whether the optical fibers could 

survive during concrete embedding and curing process.  Three out of four fibers survived.  

The beams were also loaded in four-point bending until failure.  Maher and Nawy [11] 

reported the successful use of fiber optic bragg grating strain gauges in laboratory concrete 

beam tests.  Ansari [12] reported the development of a fiber optic probe that is capable of 

measuring the amount of air entrained in fresh concrete.  Microbend technology, where the 

fiber is spirally wrapped around the reinforcing steel, has been used to measure the dynamic 

propagation of cracks in concrete beams under bending [13].  Measures et al. [14] reported 

the use of fiber optic sensing technique to monitor the changes in the internal strain of pre-

stressing tendons and deck girders of highway bridge arising from both static and dynamic 

loadings.  In a separate study, Prohaska et al. [15] measured the strain in steel rebars of RC 

beams using fiber optic bragg grating strain sensors which were bonded to the rebar.  The use 

of fiber bragg grating strain sensor in reinforced concrete beams and slabs is also reported by 
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 Davis et al. [16].  In their study, the strain levels in concrete structures were measured up to 

failure of the specimens.  Fibre optic sensors have also been used to monitor the structural 

response in different types of existing structures, such as power plant boiler, light poles, 

bridges etc. [17-21].  

 

EXPERIMENTAL PROGRAM 

 

Five series of reinforced concrete beams were cast in this investigation.  Each series 

consisted of two identical beams.  The composition of the concrete mix for the first four 

series was varied by introducing supplementary cementing materials (SCM) such as fly ash 

(FA), slag (SG), and silica fume (SF) used as partial replacement of ordinary Portland cement 

(OPC) in the concrete.  In the fifth series, the OPC concrete that surrounds the tensile 

reinforcement was replaced with a ductile fibre reinforced cementitious composite (DFRCC) 

containing 1.5% PVA (Polyvinyl alcohol) and 1.0% steel fibers resulting in the concept of 

Functionally-Graded Concrete (FGC) shown in Figure  1 [22].  This is done to create varying 

tendencies for the concrete cover to delaminate due to reinforcement corrosion.   

Beams cast using OPC, FA, SG, SF and FGC concrete were designated as series 

1,2,3, 4 and 5, respectively as shown in Table 1.  In each series, one specimen was subjected 

to accelerated corrosion while the second was kept as control in order to compare its load-

deflection behavior with the corroded specimen.  Corrosion-induced damage in the concrete 

beams was evaluated by measuring the corrosion current throughout the accelerated corrosion 

test.  In addition, the size and location of cracks were monitored visually and sketched on the 

paper as they appeared.  A fiber optic strain sensor was used in each corroded beam to 

measure the corrosion-induced tensile strains of the concrete at the level of tensile steel 

reinforcement and the tendency of the concrete cover to delaminate.  A detailed test plan is 

given in Table 1.  
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 Materials 

 

The concrete mix proportions used in this experimental program are given in Table 2.  

Mix 1 is the control concrete with 100% ordinary Portland cement and a water-to-binder 

(W/B) ratio of 0.42.  This mix satisfies the ACI requirements for corrosion protection of 

reinforcement in concrete exposed to chlorides.  In Mix 2 and Mix 3, 50% of the cement was 

replaced by fly ash and slag, respectively.  In Mix 4, 10% of the cement was replaced by 

silica fume.   

For the fifth series of specimens (the FGC specimens), two different mixes were used. 

The first mix was an ordinary Portland cement concrete used in the top two-third portion of 

the beams and is designated as Mix 5A.  The other was a ductile fibre reinforced cementitious 

composite (DFRCC) mix used in the lower one-third portion of the beams and is designated 

as Mix 5B.  Details on the mix proportions of the DFRCC material and the plain concrete 

used in the fifth series are also given in Table 2.   

 

Specimen Fabrication 

 

All RC beams were 2.5 m in length and had identical cross sections measuring 300 x 

210 mm (Figure 2).  The longitudinal reinforcements consisted of 3-16mm diameter 

deformed bars in the tension zone and 2-13mm diameter deformed bars in the compression 

zone, corresponding to reinforcement ratios of 1% tensile and 0.4% compressive.  Shear 

reinforcement consisted of 6mm plane bar stirrups spaced at 80 mm c/c in the shear span and 

120 mm c/c in the constant moment region.   

Concrete embeddable fiber optic strain sensors (FOSS) were installed in beams B1C, 

B2C, B3C, B4C and B5C, which were subjected to accelerated corrosion.  In each beam, one 

FOSS was placed vertically between two longitudinal bars at the mid-span as shown in 

Figure 2.  Sufficient care was taken during casting in order to avoid any possible damage to 

the FOSS during vibration.  After casting, all specimens were wet cured for 28 days.   
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Accelerated Corrosion and Monitoring System 

 

Five beams (B1C, B2C, B3C, B4C and B5C) were subjected to an electrochemical 

accelerated corrosion environment achieved by subjecting the specimens to cyclic wetting 

and drying (3.5 days wetting and 3.5 days drying) using water containing 3% (by weight) 

sodium chloride and impressing a current using a fixed electrical potential applied across an 

internal anode (the steel reinforcement) and an external cathode built from a 3mm-diameter 

wire mesh with 15mm square openings.  The applied potential and resulting current values 

were automatically recorded using a data acquisition system and a personal computer.  The 

measured current was used to calculate an estimated corrosion-induced steel loss using 

Faraday’s law [23]: 

ZF

MIt
w            (1) 

 

where w  is the mass of steel loss (grams), I is the corrosion current (amperes), t is time 

(seconds), F is the Faraday’s constant (96,500 amperes seconds), Z is the valency of Fe (2), 

and M is its atomic mass (56 grams/mole). 

 

Monitoring Corrosion Damage Using Fiber Optic Sensing Technique  

 

 In this study, a concrete-embeddable fiber optic strain sensor (Fabry-Perot type) was 

used to monitor the corrosion-induced tensile strain in the concrete at the level of longitudinal 

tension reinforcement where splitting cracks were likely to occur (see Figures 3 and 4).  The 

Fabry-Perot strain gauge itself is bonded in a very small diameter longitudinal hole located in 

the center of a concrete embeddable stainless steel body measuring 70mm in length and 

having two flanges at both ends for better adherence to concrete.  The advantage of this fiber 

optic strain sensor over its conventional counterparts is that it provides stable absolute 

measurement of strain needed in experiments involving long-term monitoring [24].  Fiber 
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 optic cables connect the sensors to an eight-channel portable reading unit (called Bus 

system).  Data from all channels are read simultaneously throughout the accelerated corrosion 

period and stored by a data acquisition software in a personal computer.    

 

RESULTS AND DISCUSSIONS 

 

Corrosion Currents and Steel Loss 

 

The FGC beam and all SCM-modified concrete beams showed better corrosion 

resistance, in terms of lower corrosion current and visual damage, than the OPC concrete 

beam.  Figure 5 shows the average corrosion current for all five beams that were subjected to 

accelerated corrosion.  From this Figure   it can be seen that the OPC concrete beam attained 

the highest measured current among all beams.  The FA concrete beam attained the lowest 

measured current indicating the highest corrosion resistance.  During the wet phase, the 

measured current was higher than during the dry phase because the ionic conductivity of wet 

concrete is higher than that of dry concrete.  As expected, the amount of steel loss in the OPC 

concrete beam was the highest among all beams.  This beam lost 9.7% of its internal steel 

reinforcement.  At the same age, the FA, SG, SF and FGC concrete beams lost about 3.3, 4.6, 

7.0 and 6.6% of their internal steel reinforcement, respectively (see Table 3).   

 

FOSS Readings 

 

Figure 6 shows the variation of concrete strain as measured by the FOSS over time.  

During the first 32 days, there was no significant change of strain in all four beams except the 

FGC beam.  After the first 32 days, the strain in the OPC concrete beam started to increase; 

this was associated with the development of a longitudinal crack at the level of tension steel 

reinforcement.  The strain in the same specimen continued to increase with the progress of 

corrosion.  A single longitudinal crack in the SF concrete beam also formed after about 37 

days.  In addition, it could be verified from Figure 6 that the FOSS strain in this beam also 



9 

 increased at that time.  This indicates that fiber optic sensing could indeed be used to detect 

cracking in concrete due to corrosion of steel reinforcement.   

As soon as a corrosion-induced crack forms, the crack width starts to increase 

allowing corrosion products to be released into the exterior.  As a result, the exerted pressure 

due to the expansion of the steel starts to reduce.  This situation is believed to have taken 

place in both the OPC and the SF concrete beams, where after about 42 days the rate of 

increase in the FOSS strains started to reduce.   

In the case of SG and FA concrete beams, the highest FOSS strains measured were 

only about 288 and 185 micro-strains, respectively.  Moreover, no sudden increase in strain 

similar to that observed in the OPC and SF concrete beams occurred in both beams (see 

Figure  6).  This was because of the low level of steel loss in those beams compared to the 

OPC and SF concrete beams.  

While all SCM-modified concrete beams were subjected to accelerated corrosion 

uncracked, load-induced cracks were introduced in the FGC beam prior to subjecting it to 

accelerated corrosion.  This resulted in an earlier initiation of corrosion and an initially higher 

corrosion current in the former beam compared to the latter ones.  As result, the FOSS in the 

FGC beam recorded a noticeable increase in the strain after only one week of accelerated 

corrosion.  Table 3 indicates that the FOSS reading in the FGC beam was only 277 micro-

strains as a result of 6.6% steel loss.  It is interesting to note that the FOSS reading in the 

FGC beam is very close to that recorded in the SG concrete beam (288 micro-strains), 

although the steel loss in the latter is about 4.6%, which is about 30% lower than that in the 

FGC specimen.  Visual inspections of the FGC beam and results shown in Figure  6 for the 

same beam indicated the absence of any corrosion-induced cracking or any sudden increase 

in the FOSS strain reading due to cracking.  This can be attributed to the higher tensile strain 

capacity and fracture resistance of the DFRCC material compared to the OPC, SF, SG and 
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 FA concrete materials.  The fibers in the DFRCC material suppress the growth of the cracks 

and prevent strain localization, resulting in higher damage tolerance.  

Further evidence on the above can be seen in Figure 7, which shows the increase in 

the FOSS strain reading with the cumulative steel loss due to accelerated corrosion.  In Figure 

8, the highest FOSS strain reading is plotted against the total amount of steel loss recorded in 

each specimen.  The figure indicates a general trend of increasing FOSS strain with 

increasing steel loss.   A clear deviation from this general trend of behavior can be seen for 

the FGC specimen.  Again, the figure indicates that smaller corrosion-induced tensile strain 

develops in the FGC specimen compared to other specimens for similar amounts of steel loss.   

 

Crack Mapping  

 

 Throughout the accelerated corrosion process, the size and location of cracks were 

sketched on paper as they appeared (Figure 9).  In all cases, except the FGC beam, 

longitudinal cracks on both sides of the beam along the tension reinforcement formed 

followed by some branch cracks.  Cracks along stirrups were also noticed in the bottom half 

of the beams.  In the OPC concrete beam, more cracks were observed than in any of the other 

beams.  This is probably the result of larger steel loss that occurred in this beam compared to 

the others.  In the SF concrete beam, the number of corrosion-induced cracks was more than 

those observed in the FA and SG concrete beams, where longitudinal cracks formed after 

about 65 and 60 days, respectively (compared to 32 and 37 days in the case of the OPC and 

SF concrete beams, respectively).   

In the case of the FGC beam, no corrosion-induced cracks were observed even after 

6.6% steel loss.  Instead, leaching of soft corrosion products from few points along the 

interface between the concrete and the DFRCC material was noticed (Figure 9 (e)).  These 

were believed to be associated with limited corrosion of the stirrups at these locations.   
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Structural Testing of Beams 

 

All corroded and uncorroded beams were tested under four-point loading at a loading 

rate of 0.015mm/sec using an MTS universal testing machine with a maximum capacity of 

500 kN.  A total of 3 LVDTs were used to measure the midspan and the load-line deflections 

of the beams during testing.   

The load and the deflection capacity at failure for all corroded and uncorroded RC 

beams are summarized in Table 3.  As the table shows, the corroded OPC concrete beam lost 

about 13% of its load-carrying capacity and 26% of its deflection capacity at failure.  In the 

corroded specimen, upon reaching the yield load a longitudinal crack, which had originally 

formed during the accelerated corrosion test, continued to increase in width as the load 

continued to increase.  That led to slight delamination of the concrete cover upon reaching the 

peak load (see Figure 10).  After structural testing, part of the concrete cover in the corroded 

OPC concrete beam was removed to expose the reinforcing bars and the stirrups and examine 

the extent and the uniformity of the steel loss (Figure 10(c)).   The examination revealed a 

fairly uniform loss of steel along the longitudinal and the transverse reinforcement.  Few 

spots of pitting corrosion have also been observed on both the longitudinal and the transverse 

reinforcement.   

In the case of the SF concrete beam, the corroded specimen lost about 9% of its load-

carrying capacity and 8% of its deflection capacity at failure.  In the corroded SF concrete 

beam, a corrosion-induced crack also started to open upon reaching the yield load.  However, 

the crack width remained small and no delamination of the concrete cover was noticed in this 

case.  

In the case of the SG concrete beam, the corroded specimen lost 5% of its load 

carrying capacity and 21% of its deflection capacity at failure.  On the other hand, the 
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 corroded FA concrete beam lost only 3% of its load carrying capacity and 11% of its 

deflection capacity at failure.  By looking at the cracking patterns during structural testing in 

both the corroded and uncorroded FA and SG concrete beams, no delamination triggered by 

corrosion-induced cracks had been noticed.  Moreover, the cracking patterns after structural 

testing in both the corroded and uncorroded beams were almost similar.  This is reasonable as 

the extent of corrosion damage in both beams was very limited. 

Finally, in the case of the FGC concrete beam, the corroded specimen lost about 5% 

of its load carrying capacity at failure, however, there was no observable reduction in its 

deflection capacity at failure.  Figure 11 shows the cracking patterns that developed in the 

beam at ultimate load.  After testing and with significant difficulty, part of the concrete cover 

was removed to expose the reinforcing steel for examination.  The examination revealed a 

minimum loss of steel in the longitudinal reinforcement, except for the midpan region where 

the load-induced precracks were largest in width.  In this region, moderate loss of steel could 

be observed, but there was no evidence for the presence of corrosion-induced radial cracks or 

delamination around the longitudinal reinforcing bars.  As for the stirrups, there was evidence 

of some pitting corrosion at the interface between the concrete and the DFRCC material, and 

these must have been the source of the corrosion spots observed at these locations. 

Using data from all five series of specimens, correlations between the FOSS readings 

and the reductions in the load carrying capacity and the deflection capacity at failure have 

been established as shown in Figure 12.  The Figure   indicates a general trend of increasing 

reductions in the load carrying capacity and the deflection capacity at failure with increasing 

FOSS strains.  Deviations from this general trend of behavior can be seen for the FGC beam.  

Figure 12 indicates that the FGC beam retained its original deflection capacity despite 

undergoing accelerated corrosion.  This can be explained by the fact that the FGC specimen 

did not suffer any type of cracking or delamination that would have reduced its deflection 
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 capacity.  The reduction in the load carrying capacity at failure is however consistent with 

the observed general trend and this is reasonable as this reduction is a function of the area of 

steel lost due to accelerated corrosion.  The pitting corrosion that had developed in the 

stirrups at the interface between the concrete and the DFRCC material did not seem to affect 

the load-deflection behavior of the beam given the fact that the RC beams were not shear 

critical. 

 

CONCLUSIONS 

 

The feasibility of using fiber optic sensing technology for monitoring corrosion-

induced damage in RC beams was experimentally studied.  A concrete-embeddable fiber 

optic strain sensor was used to monitor the corrosion-induced tensile strain in the concrete at 

the level of longitudinal tension reinforcement where splitting cracks were likely to occur.  In 

this case, the tendency of the concrete cover to delaminate due to reinforcement corrosion can 

be measured.  A correlation between the FOSS strain and the amount of steel loss due to 

accelerated corrosion was established.  Correlations have also been established between the 

FOSS strains and the reductions in the load carrying capacity and the deflection capacity at 

failure.  The use of fiber optic sensing technology in this manner provides an additional 

means of monitoring corrosion-induced damage in RC structures where visual inspection is 

not possible.  
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Table 1: Summary of the test plan 

 

Series 

No. 

 

Series Name 

Specimen 

Designation 

 

Mix 

Corrosion 

Status 

Structural 

Testing 

FOSS 

Gauge 

1 OPC concrete 

beam 

B1 

B1C 

1 

1 

No 

Yes 

Yes 

Yes 

No 

Yes 

2 FA concrete 

beam 

B2 

B2C 

2 

2 

No 

Yes 

Yes 

Yes 

No 

Yes 

3 SG concrete 

beam 

B3 

B3C 

3 

3 

No 

Yes 

Yes 

Yes 

No 

Yes 

4 SF concrete 

beam 

B4 

B4C 

4 

4 

No 

Yes 

Yes 

Yes 

No 

Yes 

5 

 

FGC beam B5 

B5C 

5 

5 

No 

Yes 

Yes 

Yes 

No 

Yes 

 

 

 

 

Table 2: Proportioning of the concrete mixtures 

 

 

 

Mix 

 

Quantities (Kg/m
3
 ) 

Cement 

Partial 

Replacement 

28-day 

Cylinder 

Compressive 

Strength 

(MPa) 
Cement SCM F.A.

a
 C.A.

b
 Water WRA

c
 SCM % 

1 370 0 753 1129 163 2.2 - - 40.8 

2 185 185  753 1129 163 2.2 FA 50 46.1 

3 185 185 753 1129 163 2.2 SG 50 45.9 

4 333 37 753 1129 163 3.7 SF 10 50.4 

5A
d 

370 0 753 1129 163 2.2 - -  41.6 

5B
e 

1250 1250 2500 - 1125 4.0 FA 50 61.3 
aF.A.= fine aggregate, river sand having fineness modulus of 2.96;  
bC.A. = coarse aggregate, crushed granite with a maximum size of 12.5 mm and fineness modulus of 6.05; 
cWRA = Water reducing admixture; 
d Plain concrete used in the top two-third portion of the FGC beam; 
eDFRCC material containing 1.5% PVA and 1% steel fiber (by volume). 
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Table 3: Summary of post-corrosion test results 

a
 beams are considered to have failed once the applied load drops to about 95 percent of the peak load 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Specimen 

Designation 

 

 

Yield 

Load 

(kN) 

 

Peak 

Load 

(kN) 

Load at Failure
a 

Deflection at Failure 
Average 

Corrosion 

Current (amps) 

 

Steel 

Loss 

(%) 

 

FOSS 

Reading 

() 
Load 

(kN) 

% of 

control  

Deflection 

(mm) 

% of 

control 
Wet 

cycle 

Dry 

cycle 

B1 

B1C 

211 

184 

227 

197 

215.6 

187.4 

- 

87 

28.5 

24.0 

- 

84 

- 

1.20 

- 

0.07 

- 

9.7 

- 

1552 

B2 

B2C 

201 

200 

216 

209 

205.2 

198.6 

- 

97 

28.0 

25.0 

- 

89 

- 

0.38 

- 

0.05 

- 

3.3 

- 

185 

B3 

B3C 

214 

206 

234 

222 

222.3 

210.9 

- 

95 

25.3 

20.0 

- 

79 

- 

0.65 

- 

0.03 

- 

4.6 

- 

288 

B4 

B4C 

214 

196 

222 

202 

210.9 

191.9 

- 

91 

19.6 

18.0 

- 

92 

- 

1.00 

- 

0.04 

- 

7.0 

- 

897 

B5 

B5C 

234.6 

224.4 

239 

227 

226.3 

215.6 

- 

95 

27.2 

27.2 

- 

100 

- 

0.81 

- 

0.05 

- 

6.6 

- 

277 
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Beam cross section Portable Reading Unit   

(Bus system) 
Portable 

PC 

Fibre optic cable 

FOSS 
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240 6 mm @ 120mm c/c 
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Figure  2. Beam dimensions and instrumentations (all dimensions in mm). 

Figure  1. The concept of functionally graded concrete (FGC) 

 

DFRCC material 

OPC concrete 

Reinforcing steel 
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Figure  3. (a) Concrete embeddable fibre optic sensor  (b) FOSS between longitudinal 

bars. 

(a) (b) 
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Figure  4. The concept of using FOSS to measure corrosion-induced damage. 

Figure  5. Average corrosion current of different RC 

beams. 
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Figure  6. Corrosion-induced tensile strain in the concrete as measured by the FOSS  

(a) all beams (b) close-up for selected beams 
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Figure  7. Increase of FOSS reading with cumulative steel loss due to accelerated 

corrosion (a) all beams (b) close-up for selected beams 
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Figure  8. Correlation between steel loss and FOSS readings. 
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(a) OPC concrete beam; 

(b) SF concrete beam; 

(c) SG concrete beam; 

(d) FA concrete beam; 

(e) FGC beam. 
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Figure  9. Corrosion crack mapping (progress of corrosion damage according to specified time 

intervals). 
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Figure  10. (a) Cracking pattern in corroded OPC concrete beam at about peak load;  

(b) Close-up of highlighted region of (a) after failure; (c) Status of corroded steel reinforcements 

(a) (b) 

(c)  
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Figure  11. (a) Cracking pattern in corroded FGC beam at about peak load;  

(b) Close-up of highlighted region of (a) after failure; (c) Status of corroded steel reinforcements 

 

(b) (a) 

(c) 
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Figure  12. Correlations (a) between the FOSS readings and the reductions in load at failure and (b) 

between the FOSS readings and the reductions in deflection capacity at failure. 


