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Deterioro del hormigon armado

Deterioro Deterioro Corrosion de las
Fisico Quimico armaduras
 Fisuracion « Ataque por sulfato
» Congelamiento -« Ataque acido
* Fuego « Agua de mar
. efc. » Reaccion alcali-agregado
e Lixiviacion
. etc. oy
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PARAMETROS A CONOCER
Ecorr [CI_] ‘]02

Normas + Recomendaciones




POTENCIAL DE CORROSION
Norma ASTM C-8/76

Probabilidad ),
de corrosion | (Mcuwcusos)
> 05 0o < -0,350

aprox. 50% |-0,200 a -0,350

<5% > -0,200

ASTM C 876, “Standard test method for half-cell potential for uncoated reinforcing steel in concrete”
American Society of Testing and Materials, Philadelphia (1987).



DENSIDAD DE CORRIENTE

DE CORROSION

g Corrosion Veorr
(LA/cm?) (um/afio)
<0,1 Despreciable <12
0,1a0,5 Baja 1,2a5,8
05al Moderada 5,8a1l,6
> 1 Alta > 11,6

M.C. Andrade y M.C. Alonso, Construction and Building Materials, 15, 141 (2001).




RESISTIVIDAD ELECTRICA

Resistividad Fenomeno probable
(k€2.cm)

> 100 Hormigon muy seco. Las velocidades de corrosion
seran muy bajas independientemente del
contenido de cloruros y del nivel de
carbonatacion.

50a 100 |Bajas velocidades de corrosion

10 a 50 Moderada a alta velocidad de corrosion si el acero
esta activo en hormigones carbonatados y/o
contaminados con cloruro.

<10 La resisitividad no es un parametro que controle la
velocidad de corrosion

M.C. Andrade y M.C. Alonso, Construction and Building Materials, 15, 141 (2001).




CONCENTRACION DE CLORURO
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FORMAS DE MEDIR LOS
PARAMETROS RELACIONADOS
CON LA CORROSION
DE LAS ARMADURAS

 Mediciones desde “afuera” de la estructura
 Mediciones desde “adentro” de la estructura

= SENSORES



[N B {AMES INSTRUMENTS INC. Mediciones
desde “afuera”

de la
estructura

Gecor—6
s
S \/
* Resistividad
* Temperatura

corr

corr

Disponible en nuestro grupo



DESARROLLO DE SENSORES DE CORROSION

4

EVALUAR LA DURABILIDAD DE
CONTENEDORES DE RESIDUOS
RADIOACTIVOS DE BAJO NIVEL DE
ACTIVIDAD DESDE EL PUNTO DE VISTA
DE LA CORROSION DE LAS ARMADURAS
(fabricados con Hormigon Armado)
Durabilidad > 300 anos



SENSOR LISTO PARA INSTALAR

Electrodos
embebidos

5 ECOH’

g VCOH’

* Resistividad
* [CI]

* OZ

* Temperatura



FACTIBLE DE INSTALAR EN
ESTRUCTURAS
NUEVAS O YA EXISTENTES




PROTOTIPO DE CONTENEDOR DE
RESIDUOS RADIOACTIVOS DE BAJO

NIVEL DE ACTIVIDAD
(Ho.Ao. desarrollado en el INTI)
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EVALUACION DE NUEVOS HORMIGONES
PARA LA CONSTRUCCION DEL
REPOSITORIO DE RESIDUOS RADIOACTIVOS
(Ho.Ao. desarrollado en el LEMIT)




« GECOR 6
e Sensores
 Armaduras (barras y
mallas), contraelectrodos
de acero inoxidable y
electrodos de referencia
Internos

.........
e




Temperatura (°C)
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REPRESA
S ||| DROELECTRICA
X | PIEDRA DEL AGUILA

A requerimiento del
Organismo Regulador de
Seguridad de Presas
(ORSEP)




Resisitividad eléctrica (kohm.cm)

Potencial de corrosion (V)
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HYDROPOWER
AND DAMS
(2014)

Corrosion monitoring of
post-tensioned strands at the
Piedra del Aguila spillway

Ementing

Amentina
In AREndn b
e The spilway StiLElu: Inludass




REPRESA HIDROELECTRICA
AES-ALICURA
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Temperatura (°C)
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HIDROELECTRICA

CABRA CORRAL




PROTOTIPO DEL SUPERCONTENEDOR DE
RESIDUOS RADIOACTIVOS
BELGICA (SCK) - PROYECTO EUROPEO DE
COOPERACION \ (ESV EURIDICE GIE)

Laboratorio Magnel
Universidad de Gent



CORROSION ENGINEERING
SCIENCE AND TECHNOLOGY (2014)

EXPERIMENTAL RESULTS

Preliminary results of corrosion monitoring
studies of carbon steel overpack exposed to
supercontainer concrete buffer

B. Kursten®!, F. Druyts®, L. Areias?, Y. van Ingelgem®, D. De Wilde®,
G. Nieubourg?, G. S. Duffé® and C. Bataillon®
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Introd uction

The supercantamer (30 & the Belgian reference concept
propased by ONDRAFMIRAS for the packagmg of
vitrified '||1ig'!| level radicactive waste (WVHLW) and spem
fuel (3F)." Tt comsi®s essentially of a prefabricated
massive cylndrical concrete block (ordinery Portland
cement), mamed ‘the huffer’, mto which a waterght
cylndrical carhon sweel contamer, the so called aver
pack, holding efther VHLW wasie cenmters ar SF
assemblies, will he mserted . There & akao an alermative
demign aptin m which the conete black will he fitted
mia an ouier staimkss seel contames, ermed the
“envelape”.

The reference material to comtuct the overpack &
cwrrently the P55 QL2 grade carhan steel. The long
term safety function of the overpack & to contain the
radionuchides during the thermal phase, which w»ill st
severz] thousands of years. The concrete buffer has a
thicknes of 570 cm (depending on the waste 10 be
plced o the 30} and completely surrounds the aver
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pack. One of the mam long term functions of the
cmnerete huffer is to provide 2 highly alkalme chemical
emvirorment, in which a thin but tightly adhering oxide
film & formed on the surhoe of the cathon steel
averpaek that profects the wnderlyimg meta] and =
helieved o result in very low and almost negligile
umfrm corrasion rates (passive diseohition) Apart
from eating a favourshle environment armund the
averpack, the conarete huffer ako provides the required
radislagical shiekding.

Half-scale prototype test

As part of the present experimenial programme io verify
the feasihility of comstructing the 53C, asecond haliscale
experiment (HST-2) was performed i 2013, The test sed
uphas the same dizmeter as 2 full swe 5C(~2-1 m), but
it & Emited in height {~35 m) to approximately half
that of a real 5C. Figure | shows the general set-up of
the haliscale test.

The outer mould cmstits of twoe olmdrical stee]
segments held together and to a steel hase plite by
meams of balts. A steel imner mould & maeried to oreate
a2n mner cavity far bier mstallation of the heater. The
space hetween the uter and nner mould & filled with a
nom-reinforced, self.compacting concrewe (ie. the uf
fer}. Affer remaval of the inmmer moukd, a carhan steel
container with a diamete of 508 mm and 2 thickness
of 1506 mm, smuliting the overpack, & inserted in
the remaiming cavity. Inside the overpack are four
heating cemenis to simulate the heat generated by the

tamasion Enginawing, Scnceand Tachnalagy 2004 w83 wod
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® Sensor 1 is installed on top; sensors 2, 3 and
4 are installed radially at mid-height

® Temperature increase
= onset of heating

® Concrete electrical resistivity increases
®» hydration of concrete

® Oxygen flow decreases

@ Ennoblement of corrosion potential
®» Formation of passive film

® Decrease of corrosion rate after initial
increase




SILO DE
ALMACENAMIENTO
EN SECO DE ELEMENTOS
COMBUSTIBLES
NUCLEARES GASTADOS
Central Nuclear Atucha |
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REACTOR CAREM 25

El Proyecto Carem 25 tiene
por objeto la construccion y
puesta en marcha de un
prototipo de reactor nuclear
de baja potencia, disefado
integramente en el pais




REACTOR CAREM 25
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CONCLUSION

La utillizacion de sensores en la
determinacion de parametros relacionados
con la corrosion de armaduras es una de las
herramientas mas  promisorias  para
establecer la vida util de una estructura de
hormigon armado

Mas de 10 afios de experiencia en el empleo
de sensores en diferentes areas (nuclear,
hidroeléctrica, convencional, etc.)
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