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Internal expansive reactions 
reactions de gonflement interne
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Portuguese AAR affected dams (19/52)
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DAM
STRUCTURAL 

TYPE

YEAR OF 
COMPLE-

TION

HEIGHT
(m)

TYPE OF 
REACTION

AGGREGATES MAXIMUM 
ACCUMULATED 

VERTICAL 
STRAIN UNTIL 
2015 (x 10 -6)

AVERAGE 
ANNUAL RATE 
IN THE LAST 5 

YEARS
(x 10 -6)

COARSE FINE

Santa Luzia Arch 1942 76 ASR Quartzite Quartz 2200 20

Alto Ceira (old) Arch 1949 36 ASR Quartzite Quartz 4600 120

Penide Gravity 1949 18 ASR (?) Granite Quartz 150 10

Pracana Buttress 1951 60 ISR - ASR Quartzite/granite Quartz 2000 10

Covão do Meio Arch 1953 28 ASR Granite ? 500 25

Cabril Arch 1954 132 ISR – ASR Granite ? 100 5

Caniçada Arch 1955 76 ASR Granite ? 100 5

Picote Arch 1958 100 ASR Granite Granite 50 < 5

Miranda Buttress 1961 80 ASR Granite Granite 150 5

Alto Rabagão Arch 1964 94 ASR Granite Granite 100 5

Bemposta Arch-gravity 1964 87 ASR Granite ? 200 10

Caia Buttress 1967 52 ISR – ASR Granite Quartz ? 5

Fratel Gate 1973 43 ISR – ASR Granite Quartz 200 10

Penha Garcia Gravity 1980 25 ASR (?) Quartzite/granite Quartz 100 < 5

Aguieira Multiple arch 1981 89 ASR Granite Quartz ? ?

Raiva Gravity 1981 36 ASR (?) Granite Quartz 120 5

Coimbra Gate 1981 40 ASR (?) ? Quartz ? ?

Monte Novo Gravity 1982 30 ASR Granite ? 100 10

Fagilde Gravity 1984 27 ISR Limestone Quartz 2200 120



Comité Français des Barrages et Reservoirs – Symposium 2017

Portuguese AAR affected dams

� Location of the AAR 
affected dams (19 
dams, more than 30% 
of the total number of 
monitored large 
concrete dams)

� Predominant lithologies
of the Portuguese 
mainland

Fagilde

Covão do Meio
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Fratel
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Pracana

Caia

Coimbra

Raiva

Alto Rabagão
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Miranda

Monte Novo

Alto Ceira I

Cabril

Aguieira

Penide

Granites, quartzites,

Calcareous materials

Sandy and clayey

schists and greywackes

materials
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DAM STRUCTURAL 
TYPE

YEAR OF 
COMPLE-

TION

HEIGHT
(m)

TYPE OF 
REACTION

AGGREGATES
MAXIMUM 

ACCUMULATED 
VERTICAL 

STRAIN UNTIL 
2015 (x 10 -6)

AVERAGE 
ANNUAL RATE 
IN THE LAST 5 

YEARS
(x 10 -6)

COARSE FINE
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Cabril Arch 1954 132 ISR – ASR Granite ? 100 5

Caniçada Arch 1955 76 ASR Granite ? 100 5

Picote Arch 1958 100 ASR Granite Granite 50 < 5

Miranda Buttress 1961 80 ASR Granite Granite 150 5

Alto Rabagão Arch 1964 94 ASR Granite Granite 100 5

Bemposta Arch-gravity 1964 87 ASR Granite ? 200 10

Caia Buttress 1967 52 ISR – ASR Granite Quartz ? 5

Fratel Gate 1973 43 ISR – ASR Granite Quartz 200 10

Penha Garcia Gravity 1980 25 ASR (?) Quartzite/granite Quartz 100 < 5

Aguieira Multiple arch 1981 89 ASR Granite Quartz ? ?

Raiva Gravity 1981 36 ASR (?) Granite Quartz 120 5

Coimbra Gate 1981 40 ASR (?) ? Quartz ? ?

Monte Novo Gravity 1982 30 ASR Granite ? 100 10

Fagilde Gravity 1984 27 ISR Limestone Quartz 2200 120

Portuguese AAR affected dams (19/52)
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Portuguese concrete dams 
monitored and affected by AAR, 

organized by structural types

Portuguese concrete dams monitored 
and affected by AAR, organized in 
function of the construction decade

No signs of AAR on dams built in the last 20 years
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Miranda

Picote

Raiva

Covão do Meio
(62 years old)

Fratel

Vertical strain (from geodetic levelling)

Free strain (from stress-free strain-meters)

Aguieira
Cabril

Average values of the monitored free strains by the stress-free 
Carlson strain-meters and strains obtained from geodetic levelling, 

in function of the dam age

The free strains measured by the stress-free strain -meters 
are about twice the vertical strains obtained from the 

geodetic levelling results

Portuguese AAR affected dams
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Alto Ceira dam

NPVI
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Thin arch dam, 34 m high, built in 1949



Alto Ceira II dam - 2014
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Alto Ceira II dam - 2014
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Buttress dam, 60 m high, built in 1951Pracana dam
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Pracana dam after reahabilitation

��*��,	%���-���	���	��������	��	
��������� . /�*����� *	0"!' ��
� 1	!9



��
� 1	!'

� ���!��
�%(��!�#���.����!
������!����%�#0�1�2�����#0 �
�121�������/�
 ����(�-�
�
 �%�3�!
�!
�
��
 �
���
�� �!�
! ����-��
�����
��.��*��
������!��
�.��������!����
�!
�-��! ���!��
�-���
%4

� "#$�.��*��
�����!���
���*�����-%���%�!
������4�
��
 ��
 (�!�&��
�������
���������!�
�*������#0��526 �(�
#0��515�	�(�������-�7�����8��������8�����
���
���
� ��!4

� "���
��
 ����&.��9�
%�����&��
�.����
%�������
��!�
��*��*��������������"#$(����!�� ��!
�-��! ���.����� ���!�
�9�!
�������� �����
�%� �!�
�����%������
������
��
���
���!4

New concrete structures – Preventive 
measures
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