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Abstract: This paper studied the effect of using silica fume on the service life of an offshore concrete structure. 

Hebron offshore structure was taken as a case study. Hebron project located in Newfoundland and Labrador, 

Canada. The service life of six different concrete mixtures has been predicted using Life-365 Software. One of 

these mixtures represented the actual mixture used in Hebron project (where corrosion inhibitors are used) 

while the other five mixtures contained different doses of silica fume, ranging from 0% to 15%. The obtained 

data illustrated that using silica fume with concrete mixtures can decrease the chloride ion penetration and 

improve the service life of such structures. The results also presented the relationships between the chloride 

diffusion and elapsed time for each tested mixture. 
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1. Introduction 

The service life of reinforced concrete (RC) structures is affected by corrosion of reinforcement rebars. RC 

structures suffer from corrosion due to exposing to very harsh environmental conditions. Marine and offshore 

structures are one of those structures [1]. These structures are exposed to sea water where chlorides ingress 

through cover causing redaction in the alkalinity of the pore solution on the concrete paste. This low alkalinity 

causes weakness in the passivation layers that surrounded the embedded reinforcement rebars and the corrosion 

process start [2].  Corrosion leads to expand the reinforcement rebar, which causes cracking and spalling to the 

concrete cover, which typically lead to significant deterioration and shorting in service life [3]. Therefore, 

corrosion induced by chlorides is a main factor in predicting the service life of RC structures exposed to marine 

environments [4]. 

Different ways have been used to control and minimize the effect of corrosion by stopping or reduce the 

chlorides attack [5]. One of these ways is to decrease the permeability of concrete by using high performance 

concrete (HPC). HPC can guarantee a strong, sustainable concrete to protect the embedded bar from corrosion. 

HPC decreases the permeability and shrinkage of concrete which reduce the probability of chloride penetration.  

Minerals admixtures such as slag, silica fume, fly ash and metakaolin can be used to obtain HPC to improve the 

long term durability and strength properties of the concrete [6-9]. Silica fume (SF) is one of the supplementary 

cementitious materials that has a great effect on enhancing the quality of concrete [10-12]. SF reduces the 

capillary porosity and diffusivity, and improves the microstructure of interfacial transition zone [2]. Therefore 

using SF enhance the durability and service life of RC structures, especially for marine environments [4].   

Service life defined as the period of time in which the required performance of structure is maintained [1]. 

Service life is divided into stages: initiation stage and propagation stage. The initiation stage is the period of time 

consumed by chlorides to reach the threshold value, where chloride penetrating concrete cover, reaching steel 

bars with a reasonable amount enough to depassivate the protection layer and initiate corrosion [13]. The 

propagation stage is the remaining time before the development surface cracks width reach a certain limit and in 

this stage, corrosion begins and continues to increase rapidly over time [14]. There are some models created to 
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predict the service life and/or life cycles cost of concrete structures for different causes of deterioration [15]. One 

of these models is a computer program called Life-365 software. This software was developed for the American 

Concrete Institute to calculate the service life of RC structure based on Fick’s law. Life-365 uses the general 

definition of service life of reinforced concrete as the sum of the initiation time of corrosion and the propagation 

time required for corroding steel to cause sufficient damage. The most important factors affecting the service life 

prediction in general are the quality of concrete and the environmental loads on each structure. For instance, the 

outside temperature, humidity, location relative to the ocean, location of the concrete element in offshore 

structure (submerged, tidal, or spray zone) are all affecting the service life prediction of RC structures [16].  

This paper uses Life-365 service life software to predict the service life for offshore concrete structures 

containing SF. The predicted service life were also compared to the service life of an existing offshore platform 

(Hebron offshore structure) having corrosion inhibitors to evaluate the effectiveness of using SF as an 

alternative. 

2. Project Overview 

Hebron is a heavy oil field estimated to produce more than 700 million barrels of recoverable resources. 

Hebron is located in the Jeanne d'Arc Basin 350km southeast of St. John's, the capital of Newfoundland and 

Labrador. The water depth at Hebron is approximately 92m. The Hebron field will be developed using a stand-

alone concrete ground based structure (GBS) [17].  

2.1. Typical Project Data 
The service life was predicted using Life-365 software for the base case, which represents the actual case of 

Hebron project where corrosion inhibitors will be used (ExxonMobil Canada Properties 2011) [17]. The service 

life of concrete containing different dosage of SF (ranging from 0% to 15%) were also calculated to evaluate the 

effectiveness of SF in extending the service life of offshore concrete structures. 

The following inputs were considered: 

i. The structure type was chosen as one dimension (1-D) type to represent the platform (slab and walls) 

with a total thickness of 1m, total area of 10000m
2
, and clear concrete cover of 60mm.   

ii. The analysis period was taken as 50 years which is the expected service life of Hebron project. 

2.2. Exposure and Temperature Data 
Based on the project area and the software database, the monthly temperature history was forecasted (see Error! 

Reference source not found.). The chloride exposure was taken as “Marine Spray Zone” because the platform 

height is more than 1m above the high tide level, where it is occasionally exposed to salt water spray. The 

surface chloride concentration (Cs) is calculated based on a build-up rate of 0.1%/year and a maximum 

concentration of 1.0% weight of concrete (wt.conc.) (see Fig. 2) 
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2.3. Concrete Mixtures 
Six mixtures are used for comparison between different scenarios of corrosion protection techniques. 

Mixtures from 1 to 5 have different values of SF ranging from 0% to 15%. These values were chosen to cover a 

wide range of SF replacements with effective reduction of chloride permeability (4). Mixture 6 represents the 

actual mixture that will be used in Hebron project which (base case). This mixture contained 5 L/m
3
 Calcium 

Nitrite as a Corrosion Inhibitor which represent the optimum dosage of this type of corrosion inhibitor [18] (see 

Error! Reference source not found.). 
TABLE I: Mixture Design  

Mixture w/b Steel Type SF (%) Inhibitors (l/m3) 

1 0.4 Black Steel - - 

2 0.4 Black Steel 5 - 

3 0.4 Black Steel 10 - 

4 0.4 Black Steel 12.5 - 

5 0.4 Black Steel 15 - 

6 0.4 Black Steel - Ca Nitrite – 25 

Note: w/b. = water-to-binder; and SF = silica fume 

3. Results and Discussions 

3.1. Chloride Concentration 
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The above-mentioned parameters were used as the inputs for analyzing the service life using Life-365 

software. Six different mixtures were studied to detect their effect on service life of Hebron project. Fig. 3 to 

Fig.8 show the level of chloride concentration at different depths of the structural element, starting from the 

point of initiation of corrosion for each case. It can be seen from the figures that the chloride concentrations 

reached deeper values in the base case than the other alternative cases. 

Figure 9 shows the concentration of chlorides verses the depth of the concrete at the time of the corrosion 

initiation. The vertical dashed line in the figure indicates the depth of reinforcement. In the mixture with 

corrosion inhibitors, the value of the chloride concentration at the steel reinforcement reached 0.37% 

representing the chloride threshold value at the corrosion initiation for this mixture. On the other hand, the 

mixture without inhibitors and without SF (mixture 1) showed a chloride threshold value of 0.05% which 

represents the common chloride threshold for normal concrete. Figure 10 shows the concentration of chlorides at 

the steel reinforcement verses time. The dashed line indicates the year of the corrosion initiation. This graph 

shows that the base case mixture (mixture with corrosion inhibitors) hits the corrosion initiation in 28.5 years 

with a chloride concentration of about 0.37% which is more than the normal threshold value (0.05%). Mixture 1 

and Mixture 2 which contained 0% and 5% SF, respectively, hit the corrosion initiation after 8, and 15 years 

respectively with a chloride concentration of 0.05%, while Mixture 3 hits the same initiation time as the base 

case mixture but with a chloride threshold value of 0.05%. The service life of mixture 5 exceeded the analysis 

period of the expected service life of the project because the concentration of chlorides did not reach the 

threshold value at end of the project life. 

 

 

Figure 11 shows how the concrete surface conditions change over the same period. The graph shows that all 

mixtures have the same surface concentrations. Figure 12 shows how the calculated concrete chloride diffusivity 

changes over the initiation periods. The graph indicated that when SF increases, the chloride diffusivity vs. time 

increases, and these oscillations are due to the effect of annual temperature variation. Mixtures 3 and 6 have the 

same chloride diffusivity characteristics and are different from the other mixtures. These two graphs help with 

the interpretation of the performance of the concrete mixtures. 
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3.2. Service Life 

Figure 13 summarizes the total service life of the studied mixtures. It can be observed from this figure the 

superior effect of using SF on the service life of structures. Adding 5% SF increases the durability of concrete 

against chloride permeability twice the normal concrete (SF=0). On the other hand, using 10% of SF showed a 

service life equivalent to the case of calcium nitrate inhibitors (25L/m
3
), and both increased the service life of the 

structure more than four times of the normal concrete (SF=0). Using 15% SF exceeds the service life of the 

structure. These results are attributed to the fact that the inclusion of SF in concrete reduces the chloride 

permeability. It should be noted that the propagation period was expected to be constant (6 years) for the all 

cases, this because the propagation period is not affected by the use of inhibitors or SF. This period is only 

influenced by the type of steel which was maintained constant in the analysis 

 

Fig. 13: Service Life Diagrams for Six Mixtures 

4. Conclusion 

The prediction of service life for different six protection scenarios was investigated in this study. The base case, 
which represents the actual case of Hebron project, included Calcium Nitrite Corrosion Inhibitor (25 L/m3). The 
other five cases included different percentages of SF (0% to 15%) as partial replacements of the cement. The 
service life was calculated and compared for all different cases and the following conclusions are drawn: 

 The base mixture which contained Calcium Nitrite as a corrosion inhibitor showed similar chloride 

diffusion to that of mixture containing 10% SF.  

 The chlorides threshold value of the corrosion initiation reached a higher level of 0.37% in the corrosion 

inhibitors mixture compared to all other mixtures which showed an average range of 0.05%. 

 Mixtures containing 15% SF exhibited the lowest chloride permeability compared to other mixtures. The 

low chloride permeability in this mixture allowed to increase their corrosion initiation times and 

therefore extended the service life for more than 50 years.  

 It is recommended to use higher percentages of SF rather than using corrosion inhibitors in order to 

obtain lower chloride permeability and minimum probability of reinforcement corrosion. 
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