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Origen del dafio en estr

Distribucion de danos en ¢

Proyecto = 42%
Ejecucion = 28,5%

Materiales =2 14,6 % A "-‘-.'_J_
Uso =2 9,6% _ | o %
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Segun ACl y RILEM
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Duraciéon de cinco a s
Elaboran: libros, recomer
en Materials & Structures

Comiteés Técnicos relacionados con el ataque

qulmlco al hormigon:
-~ Performance of cement-based materials in aggressive
aqueous environments (211-PAE)

- Alkali aggregate reaction in concrete structures:
performance testing and appraisal (219-ACS)
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Ambientes acuosos agre
¢ Inicio de actividad: 2003

¢ Publicacion sobre aspectos

Aspectos tratados:

¢ Ataque externo por sulfe

¢ Ataque por magnesio en ag

¢ Ataque por nitrato amonico

¢ Ataque por acidos NICOS Y €
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Amblentes acuosos agresivos
Ataque externo por st

* Aspecto externo del dano:

= Microfisuracion superficia
= Pérdida de material
= Depositos superficiales
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Ambientes acuosos agre

El ataque por sulfatos tiene su origen, de forma general, en la
reaccion entre los aluminatos procedentes del cemento y los sulfatos
presentes en el hormigon. Asi mismo pueden producirse reacciones
secundarias asociadas con este deterioro, el principal compuesto es la
ettringita

B Formacion de ettringita

3Ca0 ‘AL,O; 13H,0 + 4(
= Transformacion de

0, 2H,0)

6Ca0 ‘Al,O; SO,32
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Reaccion de sulfatos alcalinos: Generalmente los sulfatos alcalinos
provienen de aguas agresivas. Ademas, de la accion de los sulfatos se
producen reacciones secundarias con los iones alcalinos.

« Formacion de yeso O €
Ca(OH), = Ca(Or a’ + 5u

solido

Liquido | Zona de reaccion | Disolucién en poros | Pasta de cemento original
Na' » Na’

OH €4———.
OH < ———— Ca(OH),

./
CaS04-2H20 «—
\><
s0,” »

PP
6Ca0-Al,0,-350,-32H,0 ™ 4Ca0-Al,0,-50,-12H,0

2
(ettringita) \ < {monosulfato)
‘ AI(OH),

s Descalcifi
C—S—H |
on «

/
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Ensayo de inmersion en disoluciones ag;
Tipo de disolucion: SO,Ca - SO,
Concentracion de la disolucion:

% Expansion

Ambientes acuosos agresivc
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Ambientes acuosos agresivos - 211 PAE
Agua de mar
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Reaccion de sulfato magnésico: Se produce por la accion de
disoluciones acuosas ricas en magnesio.

Cas04-2H20

3Mg0-25i0,2H,0

Si0, (disuelto) /Ionosulfato

] ttringita
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Ambientes acuosos agresi\
Agua de
Una de las situaciones méas habituales es la presencia de agua de mar
en contacto con estructuras de hormigon.
= Accion de sulfato magneési
x Accion de los cloruros |

= Intercambio i6nico, formacion de
= Accion del CaCl,
CaCl, + C;A + 10 H,O A Ca(l,

1 5 ] el
= Sal de Friedel + S

= Ettringita + CO, 4

m Accion del CO,

Carbon 1Cié
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Probetas con KFE-
los 16 ciclos.
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Bondable Surface Area

Internal Structure

Bondable Surface Area

Internal Structure
Shaded Aren Repreconts
Concrete Remedy DS
Filling Voids & Canals

Muestra de control,

expuesta a una disolucion
de acido al 10%.




Ambientes acuo:

m Accion de los acidc

= Reacciones de neutre
= Descomposicion del ge
= Descalcificacion de la pas

Areas de exposiciOn
—>| Ataque acido

Ataque acido + Ataque
por sulfatos + Accion
mecanica

Ataque por sulfatos
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Ambientes aACU0SOs agresivos - 211 PAE
Acidos

SiKa, 89




A& aggregate reaction in
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Reaccion arido-alcali - 21¢€

¢ Inicio de actividad: 2006
¢ Diversos documentos para s

Aspectos tratados:

AAR 0: Guia para uso de mé

AAR 1: Andlisis petrografico

AAR 2: Método acelerado de ba
AAR 3: Método de prismas de hort
AAR 4-1: Método de prismas de hor:
AAR 6-1: Guia de die

AAR 7-1: Minimize

AAR7-2: Minimizaci

AAR 8: Extraction of ¢




Reaccion arido

Arido-alcali:

» Fisuracion en mapa " Rea

* Exudacion de geles
* Expansion
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Reaccion alc

1. Desdolomita
CaMg(CO;), +
2. Regeneracion del hidré
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structures: perfor

“* Analisis petrog




Anadlisis por
lamina delgada
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Reaccion ar
Analisi:

Orden de reactividad de los aridos silicicos:

k \ "1 L_‘) |

0 Consolider 1 =

MINIST ERIO
DE EDUCACION
Y CIENCIA



Reaccion arido-alcali - 219 ACS
Analisis petrografico
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» Alkali aggregate
structures: perforn
appraisal (219-A(
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Reaccion

Método acelera

Ensayo de barras de mortero

Barras de 2,5x2,5x28 cm con indices
80°C y Na(OH) 1N

14 o 28 dias
Limite = 0,20%
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_ Reaccion
Meéetodo acele

1,5
Endesa Lorca
1,4 4 | 80:C - 100% H.R.

1,3
1,2
1,1

(o —B- C-1012CEM Il

0,9 —- C-1012 CEM I/A-V B
—@— C-1012 CEM I/A-V y

0,3 : : —A— C-1012 CEM VAV 5
0.7 —@— C-1012 CEM I/A-V 2
’ —— C-1012 CEM I/A-V O
0,6 —M— C-1012 CEM II/B-V B
—@— C-1012 CEM II/B-V y

0,5 —A— C-1012 CEM II/B-V &
04 —@— C-1012 CEM II/B-V A
2 & —%— C-1012 CEM II/B-V O
0,3 —M— C-1012 CEM IV/A-V B
' —@— C-1012 CEM IV/A-V y
0,2 —A— C-1012 CEM IV/A-V §
/ —@— C-1012 CEM IV/A-V A
—4— C-1012 CEM IV/A-V O
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Reaccion arido-alcali - 219 ACS
Prismas de microhormigon

38°Cy 100%
1 ano
Limite = 0,04 %
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Reaccion arido-c
Prismas de
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» Alkali aggregate 1
structures: performe
appraisal (219-AC
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rformance Test:
Barr cm con indices
60°C y 100% > de Na20eq

15 semanas
Limite = 0,03 %
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Reaccion arid
Extraccion

Los aridos, ademas de cuarzo amorfo, |
pueden tener alcalis:

* Feldespatos (Na - K - Na/K)

* Extraccion en pH elevado

* Incremento 4lcalis en el hormigon

Disoluciones de extracciéon de

alcalis a partir de los aridos:

* Ca(OH)2 sat+ exceso

* 0,7”N NaOH

* 0,7N KOH

* 0,7N NaOH + Ca(OH)2 sat y exceso
* 0,7N KOH + Ca(OH)2 sat y exceso

Disoluciones de extraccion de
alcalis a partir de los aridos:

- 1M NaOH (pH = 13,63)

- 1M KOH (pH = 14,13)

* Ca(OH), Sat. (pH = 12,07)

- 0,2M NaOH + Ca(OH), Sat. (pH = 13,81)
- 0,5M KOH + Ca(OH), Sat. (pH = 13,06)

* 0,IM NaOH + 0,6M KOH + Ca(OH),
Sat. (pH = 13,31)
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Reaccion a
Extraccio

Condiciones de ensayo:

* Temperaturas: 20°C - 38°C - 80°C - 150°C

* Tiempo de ensayo: 24 h. - 48 h. - 28 d. - 180 d. - 365 d.

* Determinaciones: Na,O - K,O - Na,O,, - Otros iones - pH - Conduc.
* % élcalis por masa de arido - % de Na,O ., en el hormigon

%Na20 - %K20  Na20 equiv.

MINIST EMO
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%Na20 = %K20  Na20 equiv.




Reaccion

Extracci

Si extraction | Al extraction |

—A—54C340:C

Inicial Tras 28 dsas

——S1C3 20:C]|
—A—S1C3 40:C]|
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Reaccion arido
Diagnosis de

DS

Table 1. Structures classified by risk catego

Category -
consequences of
damage
S1
Safety, economic or
environmental
consequences of
deterioration small or
negligible
52
Some safety,
economic or
environmental
consequences if
major deternoration
S3
Serious safety,
economic or
environmental
consequences if any
deterioration

Acceptability

of ASR
damage

Some
deterioration

from ASR Is
acceptable

Minor ASR
damage is
acceptable/
manageable

No significant
damage

acceptable

Examples

Non load-bearing elements inside buildings

Temporary or short service life structures (likely design life 10 to
20 years)

Small numbers of easily replaceable elements

Most low-rise domestic structures

Mast building and civil engineering structures

Precast elements where economic costs of replacement are
severe; e.q. rallway sleepers

Normally designed for service life up to 100years

Long service life (+100years) or highly critical structures/elements
where the risk of deterioration from AAR damage is judged
unacceptable, such as:

Nuclear installations, dams, tunnels

Exceptionally important bridges or viaducts

Structures retaining hazardous materials

Exceptionally critical elements impossible/very difficult to inspect
or replace/repair

Structures where the economic risk of non-serviceability would be
unacceptable



Reaccion arido

Diagnosis de es
Table 2. Environmental classes
Environmental | Description Environment of concrete (see Note)
class
E1 Dry environment] e  Internal concrete within buildings in dry (1) service conditions
protected from
extraneous
moisture
EZ Exposed to + Internal concrete in buildings where humidity is high;
extraneous e.g. laundries, tanks, swimming pools
moisture « Concrete exposed to moisture from the external atmosphere, to non-

aggressive ground or immersed in water.
Internal mass concrete should be included in this category (2)

E3 Exposed to
extraneous
moisture plus
aggravating
factors

Internal or external concrete exposed to deicing salts

Concrete exposed to wetting and drying by seawater (3) or to salt spray
Concrete exposed to freezing and thawing whilst wet

Concrete subjected to prolonged elevated temperatures whilst wet
Concrete roads subject to fluctuating loads

Notes:

1. A dry environment corresponds to an ambient average relative humidity condition lower than 75% (normally
only found inside buildings) and no exposure to external moisture sources.

2. A risk of alkali-silica reaction exists faor mass concrete elements in a dry environment because the internal
concrete may still have a high relative humidity. Vulnerable mass concrete elements are those with a least
dimension of 1 m or more.

3. Concrete constantly immersed in seawater does not suffer a higher nisk of ASR than a similar element exposed
to humid air, buried in the ground, or immersed in pure water, because the alkali concentration of sea water s
lower than the alkali concentration of the pore solution of most concretes, and the penetration of chloride ions is
usually limited to a few centimetres.




Reaccic

No special precautions against AAR
P2. Normal level of precaution
P3. Special level of precaution
Extraordinary level of precaution

The level of precaution

Table 3. Determination of level of precaution
Environment Category (see Table 2)
E1 E2 E3
Category of Structure Level of Precaution
(see Table 1)

S1 P P1 P1
s2 P P2 P3
S3 P2 P4 P4
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Conclusiones:

® Prevenir el dafio quimicc
conocimiento tanto del
de los factores que infl

® Los métodos de ensay(j g
factores de influencia, perc

para distintas
importancia d
determinado f
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