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Understanding durability and predicting service life 
of novel binder in field exposure conditions 

 
 

Project data 
Structure type Bridge offshore 
Application type New structure 
Location Caibarién (Cuba) 
Sensors’ installation July 2019 
Number Multisensors 6 
Status Monitoring ongoing 
Partner/client Centro de Investigaciones de Estructura y Materiales (CIDEM) 

 

Introduction 
The increasing awareness for environmental 
concerns results in a growing market of blended 
cements to reduce the carbon footprint caused by 
the production of Portland cement. However, the 
lack of experience with blended cements raises 
questions regarding their long-term durability 
compared to traditional Portland cement. For 
example, blended cements often have lower 
alkalinity and lower buffer capacity, resulting in 
faster carbonation propagation. In contrast, they 
often have denser microstructure and show lower 
chloride transport rates. It is therefore not clear 
whether both corrosion resistance against 
chloride/carbonation induced-corrosion and 
corrosion rate are higher or lower compared to 
Portland cement. Another relevant unanswered 
question is how the chloride binding properties 
differ with respect to Portland cement. 
 
The Application 
Two concrete girders (20 m long) were produced, 
to be installed in an offshore bridge. One girder 
was produced with Portland cement, while the 
second one was produced with LC3-50 (blended 
cement with 50% clinker replacement). 

 
Additionally, two reference blocks (0.85x0.85x.45 
m3) were also produced and placed next to the 
girders (same exposure conditions) so samples 
could be later taken from these blocks and 
analyzed in the laboratory. One reference block 
was produced with Portland cement, while the 
second girder was produced with LC3-50. 
 
Duramon’s solution 
In this application, the high clinker replacement of 
the cement used raises important questions on the 
combined action of carbonation progress and 
chloride ingress, resulting in high uncertainties 
regarding corrosion propagation and the prediction 
of the service life of the concrete structure. 
Duramon’s Multisensor is the first solution that 
allows monitoring accurately, non-destructively, 
and continuously pH and chloride concentration 
profiles on-site in concrete with high temporal and 
spatial resolution. This allows characterizing the 
behavior of the structure under actual conditions 
and a far better understanding of the real onsite 
deterioration processes. Consequently, the long-
term durability and future maintenance need of the 
structure is accurately predicted. 
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The implementation 
We installed a prototype of our Multisensor that 
consisted of a mortar block with 3 embedded 
chloride sensors and 3 embedded pH sensors at 
different cover depths (5, 35, and 50 mm). Two 
types of mortar were used: 1) equivalent mortar to 
the concrete made with Portland cement, 2) 
equivalent mortar to the concrete made with LC3-
50.  
In total, we installed 6 Multisensors: 
• 2 Multisensors in the girder produced with 

Portland cement: 
o 1 Multisensor in the splash zone 

(upper side in the girder). 
o 1 Multisensor in the tidal zone (lower 

side in the girder). 
• 2 Multisensors in the girder produced with 

LC3-50 cement: 
o 1 Multisensor in the splash zone 

(upper side in the girder). 
o 1 Multisensor in the tidal zone (lower 

side in the girder). 
• 2 Multisensors, situated between splash and 

tidal zones in the reference blocks, which 
were placed at the same height as the girders: 

o 1 Multisensor in the reference block 
produced with Portland cement. 

o 1 Multisensor in the reference block 
produced with LC3-50 cement. 

Prior casting, we fixed the Multisensors in the 
corresponding locations in the girders and 
reference blocks. Once the position of the 
Multisensor was fixed, the corresponding concrete 
was produced and cast into the girders. 

Example of results obtained 
The Multisensor obtains continuous and 
simultaneous pH and chloride concentration 
evolution over time. Note that upon carbonation, 
chloride concentration increases due to the release 
of bound chlorides. 

 
pH and chloride concentration evolution over time (5 mm 

depth girder produced with LC3 cement). 
 

Outlook 
The data obtained with our Multisensor will allow 
identifying how LC3-50 behaves in terms of 
chloride ingress and carbonation propagation 
compared to Portland cement. An additional 
interesting result is the quantification of amount of 
released chlorides upon carbonation of the cement 
paste. The results obtained can provide insight on 
future design protocols.  

 
Multisensor embedded in the splash (upper zone) and tidal (lower zone) zones of the girder, together with a schematic 
representation of our multisensor to Sensor system to monitor carbonation and chloride ingress in bridge offshore in Cuba
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