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ABSTRACT1 

America’s transportation infrastructure has been 
receiving intensive public and private attention in 
recent years, particularly highway bridges. Corrosion of 
reinforcement steel is a main durability issue especially 
for concrete structures present in coastal areas and in 
areas where de-icing salts are routinely used.  
 Acoustic emission (AE) is a promising method for 
detecting corrosion in steel reinforced concrete 
members. This type of non-destructive testing (NDT) 
method primarily measures the magnitude of energy 
released within a material when physically strained. 
The expansive ferrous product resulting from corrosion 
induces pressure at the steel-concrete interface creating 
micro-cracks which can be detected by AE sensors. In 
this study, five concrete blocks with embedded 
prestressing steel strands were built and tested under 
accelerated corrosion conditions to evaluate possible 
correlations between AE activity and the onset and 
progression of corrosion. AE data along with half-cell 
potential measurements were recorded during the test to 
determine the stages and the overall deterioration 
process. Afterwards, the steel strands were removed 
from the specimens, cleaned and weighed; then the 
results were evaluated vis-à-vis Faraday’s law with 
respect to the degree of corrosion present in each 
block.*  

                                                           
* This is an open-access article distributed under the terms of 
the Creative Commons Attribution 3.0 United States License, 
which permits unrestricted use, distribution, and reproduction 
in any medium, provided the original author and source are 
credited. 

1. INTRODUCTION 

Recent studies by the American Society of Civil 
Engineers (ASCE) show that more than 26% of the 
nation’s bridges are either structurally deficient or 
functionally obsolete. While some progress has been 
made in recent years to reduce the number of deficient 
and obsolete bridges in rural areas, the number in urban 
areas is rising (Liu and Weyers, 1998). A $17 billion 
annual investment is needed to substantially improve 
current bridge conditions. Currently, only $10.5 billion 
is spent annually on the construction and maintenance 
of bridges (Almusallam, 2001). The ASCE Report Card 
provides a D average for America’s overall 
infrastructure quality, where deteriorating conditions 
and inflation have added almost a trillion dollars to the 
total repair cost and maintenance since the last report 
card was published in 2005.  
 Bridge structures were presented with a C average 
under the ASCE guideline, proving that most of these 
constructions have been poorly maintained, and are 
unable to meet current and future demands, and in 
some cases, unsafe. It is crucial to keep in mind that a 
healthy transportation infrastructure is the backbone of 
a progressive economy. Therefore, a clear need exists 
towards developing effective non-destructive testing 
methods and proper evaluation criteria assessment of 
the damage level and residual life of bridge structures 
in the United States.  
 Corrosion of reinforcing steel is the most common 
source of deterioration in concrete bridges. Concrete 
protects the reinforcement by passivation. A resistant 
oxide forms surrounding the reinforcement, where a pH 
of 13-14 may be found adjacent to the steel. Corrosion 
of the steel reinforcement may occur at  pH levels of 11 
and lower. In seawater environments the pH may reach 



a value o
corrosion (
 The ma
is not only
reinforcem
exerts stre
cracks tha
directly aff
rebar start
diameter is
oxide of h
al., 1993)
product Fe
times of th
reinforcem
porosity o
shown in F
cross secti
their ducti
the reinfor
 

Structural Pre

Figure 

 This pr
the same 
prestressed
bearing ca
surroundin
longitudina
after the e
load bearin
this distres
structure.  
 Acoust
during the
technique f
fatigue dam
concrete b
shown to b
date it has
damage de
that detect
bursts, gen

Annu

of 8, creating 
(Austin et al., 2
ain problems w
y that the me

ment is reduced
ess into the 
t deteriorate th

ffects the servic
ts to corrode
s produced, tog
higher volume 
. The unit vo
e(OH)3 · 3H2O
he original Fe 

ment bond is 
of the corrosiv
Figure 1. In ad
ional area of 
ility and incre
cement interfa

eservation Systems

1: Effect of co

rocess affects p
way: (i) redu

d reinforcemen
apacity, and (ii
ng concrete (Ja
al cracks crea
expansive prod
ng capacity o

ss, resulting in 

ic Emission (A
e past 20 year
for the detectio
mages in meta
bridges (Li et 
be the most acc
s not been full
etection sequen
t elastic stress 
nerated by a r

ual Conference 

the worst ca
2004). 
with chloride in
echanical stren
, but also the c
concrete stru
he steel-concr
ceability perfo
e, a gradual 
gether with the 
than that of s

olume of the 
O   is as large a

volume (Li et 
weakened du

ve product ar
ddition, corrosi

the steel stra
easing stress c
ce (Yoon et al.

s 

orrosion produc

prestressed stru
uces the cros
nt, thereby, dec
i) degrades the
affer and Hans
ated along th
duct is formed
of the compon
a decrease of s

AE) sensing ha
rs as effective
on, location, an
allic structures

al., 1998). T
curate and effi
ly exploited an
nce consists of
waves in the 
apid release o

of the Prognos

ase scenario f

nduced corrosi
ngth of the ste
corrosion produ
ucture produci
rete bond, whi
ormance. When

decrease of 
generation of 
teel (Andrade
final corrosi

as six and a h
al., 1998). Ste

ue to the hi
round the ste
ion decreases t
ands minimizi
concentrations
., 2000).  

ct on concrete 

uctures durabili
s-section of t
creasing the lo
e integrity of t
sson, 2009). T
he reinforceme
d may affect t
nents undergoi
service life of t

s been employ
e non-destructi
nd monitoring 
s, as well as f

This method h
icient; still, up 
nd studied.  T
f remote senso
form of acous

of energy from

stics and Healt
 
 

  

for 

on 
eel 
uct 
ng 
ich 
n a 
its 
an 
et 

on 
alf 
eel 
gh 

eel, 
the 
ng 
at 

 

 

ity 
the 
oad 
the 

The 
ent 
the 
ng 
the 

yed 
ive 
of 

for 
has 

to 
The 
ors 
tic 

m a 

localize
illustra
 

Mistras G

F

 Det
valuabl
importa
the ver
many i
a resea
concret
evoluti
the AE
corrosi
techniq
the co
corrosi
onset 
structur
energy 
such as
push a
1993). 
compar
primari
of dete
candida
reinforc
 Fur
immed
risk of 

2. RE

The Fe
percent
States 
repairs
fall in 
rehabil

th Managemen

ed source wit
ates a schematic

Group 

Figure 2: Sche

tection and an
le informatio
ance of a disco
rsatility of AE
industrial appli
arch tool. AE
te has been sh
ion, and micro-

E method to cal
ion is occurrin
que that can be
ondition of s
ion is occurrin

of corrosion
ures is due to i

emitted when
s when corrosi
against the su

The primary
rison to other
ily on the proc
ecting a weak
ate for the ea

rcement corrosi
rthermore, A
diate informatio

failure of a com

ESEARCH SI

ederal Highwa
t of the nearl
are structurall
; this same per
the 20 year-o

litation (Guth

nt Society, 2010

thin a stressed
c of AE data a

matic of AE se

nalysis of AE s
on regarding 
ontinuity in a m
E monitoring,
ications and is
E monitoring 
hown to detec
-cracking. It is
lculate the loca

ng. This appear
e used as a me
steel reinforce

ng. AE success
n on steel r
its ability of de
n an object is
ion products fo
urrounding con
y advantage 
r NDT metho
cess of flaw gr
k stress wave
arly detection 
ion.  

AE testing 
on that may rel
mponent.  

IGNIFICANC

ay Infrastructu
ly 600,000 br
ly deficient an
rcentage of bri
old category p
hrie, et al.20

0 

d material. Fig
cquisition. 

ensing process 

signals may p
the origin

material. Beca
, this techniqu
s used extensiv

of steel rein
ct film crackin
s also possible 
ation where th
rs to be a prom
ethod of quant
ed concrete 
s on determinin
reinforced co
etecting the ac
s undergoing 
orm on the ste
ncrete (Seah 
of AE sensi

ods is that it 
owth. The cap

e makes it a 
and progressi

typically pr
late to the distr

CE 

ure estimates th
ridges in the U
nd in need of
idges square fo

prime candidat
002). Corrosio

2

gure 2 

 

 

rovide 
n and 
ause of 
ue has 
vely as 
nforced 
ng, gas 

to use 
he steel 
mising 
tifying 
where 
ng the 

oncrete 
coustic 
stress, 

eel and 
et al., 

ing in 
relies 

ability 
strong 
ion of 

ovides 
ress or 

hat 42 
Unites 
f rapid 
footage 
tes for 
on of 



reinforcem
concrete s
countries 
(Inaudi, et
represented
deterioratio
of time. T
onset of co
onset of co
initiation s
initiation p
Phase I th
corrosion i
Eventually
corrosion 
identify th
of concret
occur in th
product in 
3 shows th
 

 

 In brid
essentially 
surface of 
waves and
amplified 
piezoelectr
produce a 
effect). T
materials w
 Acoust
setup and 
suited to s
single sen
portion of 
locate the 
activity of
indication 
Ziehl, 2006

Annu

ment steel is 
structures pres
where de-icin

t al., 2009). Th
d as two 
on is the inver
he two transit
orrosion and th
orrosion separa
stage; the nucle
phase (II) from
he corrosion p
is controlled b

y the flow of 
loss decreases
ese transition p
te structures b
he concrete due
Phase III (Oht

he phases of cor

Figure 3: C

dge structure 
a piezoelect

f the beam, wh
d convert them

and proces
ric principle 
voltage when

The inverse e
will deform if a
ic emission eq
sensors can b

ituations with 
nsor can detec
the structure. M
area of AE a

f a single sens
of the genera

6).  

ual Conference 

a main dura
sent in coasta
ng salts are 
he corrosion p

transition 
rse of durabilit
tion periods ar
he nucleation o
ates the dorman
eation of crack

m the accelerate
rocess is initia
y the rate of tr

f oxygen is in
s in Phase II. 
periods to asse
because harmf
e to the expans
tsu and Tomod
rrosion.  

Corrosion phas

analysis, the 
tric crystal m
hich detects m
m into electric
sed by the 
states that 

n mechanically
effect recogni
a voltage is app
quipment is rela
be applied qu
limited access

ct damage thro
Multiple senso
activity by tria
sor can be use
al area of dam

of the Prognos

ability issue f
al areas and 

routinely us
process has be
periods whe

ty and a functi
re defined as t
of cracking.  T
nt stage from t

king separates t
ed phase (III). 
ated, the rate 
ransport oxyge
nhibited and t

It is crucial 
ess the durabili
ful cracks cou
sion of corrosi

da, 2008).  Figu

ses 

AE device a
mounted to t

mechanical sho
cal signal that 

sensors. T
some materia

y strained (dire
izes that the
plied to them.
atively simple 

uickly. It is w
sibility because
oughout a lar
rs can be used 

angulation or t
ed to provide 

mage (Ridge, a

stics and Healt
 
 

  

for 
in 

sed 
een 
ere 
on 
the 

The 
the 
the 
In 
of 

en. 
the 
to 

ity 
uld 
on 

ure 

are 
the 
ock 

is 
The 
als 
ect 
ese 

to 
well 

e a 
rge 

to 
the 
an 

and 

3. EX

The ma
validity
corrosi
compon
 Five
steel st
cell rea
cell po
to reac
cracks.
solution
be ba
initiatio
Stage I
the con
of the 
passive
as the 
acceler
cover o
 Hal
measur
initiatio
corrosi
the am
(1). 

 

Where;
 M: m
 i: C
 t: tim
 z: A
 F: F

The am
energy 
ampera
Chung,
will be
total m
 Th

ele
pa

 Th
inv
per
ox

The
electrol
current

th Managemen

XPERIMENT

ain purpose of
y of employi
ion process 
nents.  
e concrete blo
trands were co
action and mo

otential. Concre
ch the steel str
. Specimens w
n at room tem
sis of AE a
on (stage I), an
I will culminat
ncrete cover an
steel reinforce

e layer of the r
process throu

rated and crac
occur. 
lf-cell poten
rements were
on, and then A
ion propagatio

mount of steel m

Ma

; 
molecular wei

Current (A) 
me (seconds)

Atomic number
Faraday’s cons

mount of corr
consumed, w

age, and time 
, 2000). Corr

e defined as a 
mass of the stran
he mass of a s
ectrolysis is pr
assing through 
he mass of a 
versely propor
r mole neede

xidation state. 

e quantity of
lysis is given
t (A). For the c

nt Society, 2010

TAL WORK 

f the experime
ing AE sensi

in steel r

ocks with em
orroded using a
nitored with A
ete blocks wer
rand or pre-loa
were immerse

mperature. Two
activity ident
nd corrosion pr
te after the chl
nd accumulate
ement, thereby
reinforcement.

ugh which the 
cking and spal

ntial and 
e taken to 
AE data were

on stage. Farad
mass consumed

ass loss (g) = 
M

z

ght (55.487 g/m

r (2) 
stant (96,487) 

rosion is relat
which is a fu
interval (Auy

rosion of the 
percentage of 
nd. This formu
substance form
roportional to t
it and to its mo
substance for

rtional to the n
ed to cause th

f charge appl
n by the produ
corrosion proce

0 

ents is to analy
ing to identif
reinforced co

mbedded prestr
a controlled ga
AE sensors and
re either core 
aded to form s
ed in a 3.5% 
o primary stage
tification: cor
ropagation (sta
loride ions per

e in the surroun
y breaking dow
 Stage II is int
rate of corros

lling of the co

galvanic c
identify cor

e used to asse
day’s law repr
d shown in eq

Mit

zF
                (

mol) 

ted to the ele
function of vo
yeung, Balagur

prestressing s
the mass lost 

ula states that:
med or consum
the amount of c
olar charge; 
rmed or libera
number of ele
he indicated c

lied for any 
uct of time (s
ess, for each m

3

yze the 
fy the 
oncrete 

ressing 
alvanic 
d half-
drilled 

surface 
NaCl 

es will 
rrosion 
age II). 
rmeate 
ndings 
wn the 
tended 
sion is 
oncrete 

current 
rrosion 
ess the 
resents 
quation 

(1) 

ectrical 
oltage, 
ru and 
strands 
to the 

med in 
charge 

ated is 
ectrons 
change 

given 
s) and 

mole of 



iron oxidiz
a charge of

3.1 Tes

Five conc
strand emb
cast to be 
corrosion. 
100 mm, w
steel strand
were expo
Two R6I A
each specim
measureme
be related t
 

 
Figu

 In ord
specimens 
which ser
reaction w
positive (+
the cathod
connected 
anode. Th
the saline 
reach the 
galvanic c
the accele
block and 
contact wit

Annu

zes, 2 moles of
f 2 x 96,487 co

st specimens a

rete blocks w
bedded at the 
examined and
The block me

with a length o
d was 300 mm

osed and conn
AE sensors we
men as shown 
ents were reco
to the AE data

ure 4: Concrete

der to corrod
were immers

rved as  elec
where a coppe
+) terminal of 
de while the
to the steel rei
e specimens w
solution coul
steel prestre

ell reaction.  F
erated corrosio

copper plate 
th the saline so

ual Conference 

f electrons are
oulomb. 

and installation

with a 12 mm
centerline of 

d monitored u
easurements w
of 200 mm. T

m so that the en
nected to the e
ere installed o
in Figure 4. H
rded during th
. 

e blocks with A

de the prestr
sed in a 3.5%
ctrolyte for th
er plate was c

a DC Power 
e negative (-
inforcement str
were drilled or
ld permeate th
ssing strand 
Figure 5 show
on setup, whe
were placed i

olution.  

of the Prognos

 lost, consumi

n 

m diameter ste
the blocks we

under accelerat
were 100 mm 
The length of t
nds of the stra
electrical circu
on the surface
Half-cell potent
he test in order 

AE sensors  

ressing strand
% NaCl soluti
he galvanic c
connected to t

Supply formi
) terminal w
rand forming t
r pre-cracked 
he concrete a
and enable t
s a schematic 

ere the concre
n a container 

stics and Healt
 
 

  

ng 

eel 
ere 
ted 
by 
the 
and 
uit. 
of 

tial 
to 

 

ds, 
on 
ell 
the 
ng 

was 
the 
so 

and 
the 
of 

ete 
in 

 
Fi

3.2

Half-ce
accorda
Coverm
ASTM
positiv
more n
90% pr
mV an
and de
potenti
 

Federal H

Fig

As 
used to
placed 
monito
investig
initiatio
periods
first to 
one to 
corrosi

th Managemen

igure 5: Accele

Equipment 

ell potential 
ance to AST
meter and Cop

M C 876 states
e than -200 m
negative than 
robability of c

nd -350 mV th
gree of corros
ial measuremen

Highway Adminis

gure 6:  Half Ce

mentioned, R6
o monitor con

on each co
ored using A
gate the sensor
on and propag
s of high corro
 indicate the o
indicate nuclea

ive products fo

nt Society, 2010

erated corrosion

measurement
M C 876 us

pper-copper sul
s that if the m
mV there is n
-350 mV ther

corrosion; and 
here is uncertai
sion. Figure 6 
nts were taken

stration 

 
ell Potential me

6I acoustic em
ncrete blocks, 
oncrete block

AE Win for 
rs capability on
gation. It was
osion activity w
onset of corros
ation of crack 

ormed. 

0 

n test schemati

ts were take
sing Elcomete
lfate potential 

measurement is
no corrosion; i
re is a greate
if it is between
inty on the pre
shows how ha
.  

easurement set

mission sensors
these sensors

k and continu
DiSP softwa

n detecting cor
s expected tha
will be detecte
sion, and the s
due to the exp

4

 

ic 

en in 
er 331 
probe. 

s more 
if it is 
er than 
n -200 
esence 
alf-cell 

 

tup 

s were 
s were 
uously 
are to 
rrosion 
at two 
ed, the 
second 
ansive 



 

3.3 Tes

Five stran
weighed 
preparing t
temperatur
A copper p
with the s
through th
picture of t
 

 
Figure 

 

Test No. 

1 

2 

3 

 The blo
shown in T
to be exam
the contai
during this
3.17 A wh
approxima

Annu

st program 

nds measuring
and embedde
the concrete bl
re and immerse
plate was plac

steel strand, co
he respective 
the test setup. 

7: Test setup f

Table 1:

Block No

1 

2 

3 

4 

5 

ocks were div
Table 1. Block
mined; the exp
iner was not 
s test. The cur
hile for block 

ately 33 hours 

ual Conference 

g 300 mm e
ed into the 
locks, they we
ed into the elec
ced in the con
onnected to th
terminals.  F

for concrete blo

: Test program 
 

o. Current 
(A) 

3.17 

3.00 

0.10 

1.00 

0.10 

1.00 

0.10 

0.84 

 
vided into thre
ks 1 and 2 were
posed part of t

protected ag
rrent for block

2 was 3 A. 
and the stran

of the Prognos

each were cu
concrete. Aft
re cured at roo
ctrolyte solutio

ntainer and alo
he power supp
Figure7 shows

ock corrosion

Time
(s) 

120,000

120,000

582,000

15,600

582,000

15,600

369,000

256,800

ee test groups 
e the first bloc
the strand insi
gainst corrosi
k 1 was consta
The test ran f

nds were clean

stics and Healt
 
 

  

ut, 
fter 
om 
on.  
ng 

ply 
 a 

 

0 

0 

0 

0 

0 

0 

as 
cks 
ide 
on 
ant 
for 

ned 

and the
Blocks
was im
was ra
corrosi
contact
covered
noticed
than 3;
the dipp
in bloc
current
continu
to 0.8 A

4. RE

The co
techniq
cell pot
of whe
therefo
it does
corrosi
identifi
 Fara
the am
after e
from th
ASTM
the theo

4.1

The sig
area o
analyze
corrosi
location
occurri
outside
to the 
potenti
hour fo
after 2
strength
indicat
after 3
strength
(second
location
corrosi
micro-c
mounte
 

th Managemen

eir weights we
s 3 and 4 were 

mpressed during
aised to 1 A f
ion activity. I
t with the ele
d with a cor
d that the reco
 which is belie
ping of the stra

ck 4. Block 5 
t at the beginn
ued for 102 ho
A for an additio

ESULTS AND

orrosion was 
ques, half-cell
tential measure
ether there is c
ore it was used 
s not have the
ion or its ext
ied using the A
aday’s law wa

mount of mass
each test the 
he concrete, cle

M G-1. The me
oretical values

Acoustic emis

gnal strength a
of activity ar
ed. Signal stre
ion initiation 
n determines
ing in the conc
e noise. Test 1 

magnitude o
ial measuremen
or blocks 1 and
20 minutes and
th graph for blo
tes that corros
 minutes of te

th (picoVolts-
ds). Figure 10
n technique; 
ion activity (de
cracks formed)
ed on the speci

nt Society, 2010

ere measured a
examined nex

g 162 hours, af
for only 4 hou
In this test, th
ectrolyte inside
rrosive resista

orded voltage f
eved to be due 
and facilitating
was the last o

ning of the tes
urs, then the c
onal 71 hours. 

D DISCUSSIO

monitored u
potential and

ements only pr
corrosion activ
to mark the on

e ability to de
tent. The pro

AE activity. 
as used to the
s loss of the p
embedded stra
eaned and wei

easured weight
s from Equation

ssion monitor

and the ability 
re some of t
ength provides 

and propaga
s whether th
crete-steel area

has the shorte
of the applied
nts were recor
d 2 and shows 
d 40 minutes 
ock 1 can be v
sion was prese
esting. The gr
-seconds, pVs
0 is a represen

it may be 
etected by ener
) is occurring 
imen. 

 

0 

at the end of th
xt; a current of
fterwards the c
urs to accelera
he exposed st
e the containe
ant coating. I
for block 4 is 
to a discontinu

g the solution i
one to be teste
st was 0.1 amp
urrent was inc
 

ON 

using two dif
d AE sensing. 
rovides an indi
vity in the con
nset of corrosio
etermine the r
pagation stag

eoretically dete
prestressing st
ands were rem
ighed as specif
ts were compa
n 1.  

ring 

to source loca
the AE param
an indication 

ation stages; 
he AE activi
a and not recor
est time duratio
d current. Ha
rded during th
detectable cor
respectively. 

viewed in Figur
ent in the spe
raph axes are
s) versus test
ntation of the 

observed tha
rgy released fro
between AE s

5

he test. 
f 0.1 A 
current 
ate the 
teel in 
er was 
It was 
higher 
uity in 
ingress 
ed, the 
ps and 

creased 

fferent 
Half-

ication 
ncrete, 
on, but 
rate of 
e was 

ermine 
trands, 
moved 
fied by 
ared to 

ate the 
meters 
of the 
source 
ity is 

rded as 
on due 
alf-cell 
he first 
rrosion 
Signal 
re 9; it 
ecimen 
signal 

t time 
source 
at the 
om the 
ensors 



Figure 9: S

Figure 1

 Figure 
by a rapid
due to th
immediate
results wer
and a sma
from the fi
detecting th
measureme
steel strand
a relatively
test which 
by coating
with a corr
 Test 2 
period of 
making it 
stages with
a visible di
3 and 4 du
The corros
500 min an

Annu

Signal Strength
showing init

10: Source loca

9 show that th
d increase in t
e high curren
ly after powe
re achieved fro
aller value of 
first test showe
he corrosion fa
ents. Due to th
d outside the c
y large AE ac
decreased late
 the exposed p
rosion resistant

was program
time while i
possible to d

h ease. In the A
ifference was p

ue to a poor ap
sion in block 3
nd this was ver

ual Conference 

h (pVs) vs. Tim
tiation of corro

 

 
ation for AE ac

he initiation of 
the cumulative
nt, forming th
ering the sys
om block 2 but
signal strengt

ed the ability o
aster than the h
he exposure of
oncrete, these 
ctivity at the b
er. The test setu
parts of the pre
t coating.   

mmed to exten
impressing a 
detect the dif

AE data obtain
present in the r

pplication of th
3 initiated afte
rified by the ha

of the Prognos

me (s) for block
osion 

ctivity block 1

corrosion start
e signal streng
he galvanic c
stem. The sam
t with a time l
th. These resu
of AE sensing 
half-cell potent
f the prestressi
initial data sho
beginning of t
up was modifi

estressing stran

nd for a long
smaller curren

fferent corrosi
ed from this te
results for bloc

he plastic sealan
er approximate
alf-cell potentia

stics and Healt
 
 

  

 

k 1 

 

ted 
gth 
ell 
me 
lag 
ults 

in 
tial 
ng 
ow 
the 
ied 
nds 

ger 
nt, 
on 

est, 
cks 
nt. 
ely 
al  

reading
corrosi
100,00
occurre
strength
The s
estimat
the AE
ability 
illustra
from 0
strength
corrosi
signal s
 

 
Figure

 For 
minute
has the
corrosi
increas
 

 
Figure

th Managemen

gs which gave
ion activity. S
0 pVs. For b
ed at approxim
th value increa
second stage 
ted to be after

E data shows a 
of AE sensing

ated in Figure 
0.1 to 1 A, an
th vs. current 
ion was incre
strength is 1.1x

e 11: Signal Str

r block 4, the p
es.  It is also c
e ability to d
ion when the c
se to the actual 

e 12: Signal Str

nt Society, 2010

e a value of -
Signal strength
block 4, the 

mately 42 minu
ased from 1.5x

of the corro
r 9350 minutes
steep slope in

g to detect the
11 as when th
n increase in 
occurred show

eased. The ma
x106 pVs.  

trength (pVs) v

propagation sta
clear from Fig
detect the incr
current was rai

rate of corrosi

trength (pVs) v

 

0 

-550 mV, indi
h at this tim
onset of cor

utes, when the 
x105 to 3.5x10
osion process
s for block 3, 

n signal strength
e rate of corros
he current was 

the slope of 
wing that the r
aximum cumu

vs. Time (s), bl

age started after
ure 12 that AE
rease in the r
ised. Yet linkin
ion is not achie

vs. Time (s), bl

6

icating 
e was 
rrosion 
signal 

5 pVs. 
s was 
where 
h. The 
sion is 
raised 
signal 

rate of 
ulative 

 

ock 3 

r 1660 
E data 
rate of 
ng this 
eved. 

 

ock 4 



 Corrosi
be at 650 
was 1.5x1
potential m
The curren
and the p
estimated t
minutes w
signal stren
maximum 
approxame
 

 
Figure 13

 The sig
for two sen
be chosen
values wer
condition 
corrosion c
prestressin
be general
activity in
between t
purpose, 
differentiat
AE data c
causing ac
provide a v
uniqueness
captured f
those captu
the wave
generalized
number of
depth of th
 The so
sensing sh
the locatio
signal stre
good stra
progression

Annu

ion initiation f
minutes, at w

105 pVs, this 
measurements 
nt was raised 
point at whi
to be starting 

where a jump 
ngth graph, sh

achieved cum
etly 2.2x107 pV

: Signal Streng

gnal strength v
nsors. No certa
n to define ea
re different fo
of concrete a
coating used to

ng strands used
lized by empl
n terms of si
he different s
filtering of t
te between the
aptured form o
ctivities such 
valuable mean
s regarding a
from corrosion
ured from load
eforms captur
d approach ne
f sensors used
he prestressing 
ource location
hows that there
on of the stran
ength to detec
ategy to dete
n.  

ual Conference 

for block 5 wa
which the signa

was verified
which were ta
to 0.84 A afte
ch corrosion 
was assumed 
is noticed in

hown in Figure
mulative signa

Vs.  

gth (pVs) vs. T

values presente
ain value for sig
ach stage of c
or each test de
and the adequa
o cover the exp
d. Yet this tec
loying differen
gnal strength 
stages of corr
the AE data
e corrosion act
other types of 
as loading. W

ns to filter the 
a certain activ
n activity are
ding). Figure 1
red during 
eeds also to b
d over a certai
strands. 

n technique p
e is an activity
nds. Overall, u
ct corrosion pr
ect corrosion 

of the Prognos

as determined 
al strength val

d using half-c
aken afterward
er 6150 minut

propagation 
to be after 85

n the cumulati
e 13. The over
al strength w

Time (s), block 

ed in all tests a
gnal strength c
corrosion as t
epending on t
acy of the an

posed parts of t
chnique needs 
nt ranges of A

to differentia
rosion. For th

a is crucial 
tivity, noise, a
f energy releas
Waveforms m
data due to th

vity (waveform
e different fro
14 shows one 
the test. Th

be related to t
in area, and t

provided by A
y taking place 
using cumulati
romises to be

initiation a

stics and Healt
 
 

  

to 
lue 
ell 
ds. 
tes 
is 

00 
ive 
rall 
was 

 

5 

are 
can 
the 
the 
nti-
the 
to 

AE 
ate 
his 
to 

and 
sed 

may 
eir 
ms 
om 
of 

his 
the 
the 

AE 
at 

ive 
e a 
and 

 
Figure

4.2

Faraday
weight 
was car
results 
 

Tab

Block 
No. 

1 

2 

3 

4 

5 

 
 The
law s
experim
Faraday
stand-a
analyze

5. CO

Conclu
1.

2.

3.

th Managemen

14: Waveform

Steel mass los

y’s law was 
t loss of the s
refully remove
are reported in

ble 2: Experim

Original 
mass (g) 

221.0  

232.6  

231.2  

232.6  

232.7  

eoretical mass 
show some
mental mass lo
y’s law is em

alone steel, an
es steel embed

ONCLUSION

usions for the f
AE sensing
detecting co
members b
corrosion ac
Detecting th
can be accom
AE cumulat
main stage
propagation

nt Society, 2010

m for a hit durin

ss results 

used to calcu
steel strands a
ed and weighed
n Table 2. 

mental and theo
 

Theoretical
mass loss (g

109.4  

103.5  

21.2  

21.2  

69.7  

losses calcula
differences 

osses. This is 
mployed to an
nd the present
dded in concret

NS 

following test c
is a promising

orrosion in stee
because of its
ctivity.  
he change in t
mplished using
tive signal stre
es of corrosi
. 

0 

ng corrosion ac

ulate the theo
fter corrosion.
d after each tes

oretical mass lo

l 
g) 

Experim
mass los

111.8

108.8

31.5

32.0

78.7

ated with Fara
with respec

due to the fac
nalyze mass lo
t experimental 
e.  

can be drawn a
g NDT techniq
l reinforced co
s ability to 

the rate of cor
g AE data. 
ength can dete
ion; initiation

7

 

ctivity  

oretical 
. Each 
st. The 

oss 

mental 
ss (g) 

8  

8  

5  

0  

7  

aday’s 
ct to 
ct that 
oss of 
 setup 

as: 
que for 
oncrete 

detect 

rrosion 

ect the 
n and 



Annual Conference of the Prognostics and Health Management Society, 2010 
 
 

 8 

4. AE has the ability to detect the on-set of 
corrosion earlier than half-cell potential 
measurements which is one of the most 
common NDT methods used to detect 
corrosion. 

5. The presence of corrosion activity can be 
verified from AE data represented in wave-
forms, while the location where AE activity is 
generated can be determined using source 
location triangulation abilities.  

For future work, a generalized approach should be 
developed to validate the use of AE sensing in a field 
environment and to link AE data with different stages 
of corrosion. 
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