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1. Introduction

Although sea water (SW) and dredged marine sand (DMS)
due to their vast scale resources, addressing numerous
environmental concerns, and considering fresh water (FW)
shortage crisis, have potential benefits to be widely used in
marine concrete structures, the durability and service life of
seawater-seasand  concrete  (SWSSC/SwC)  structures
exposed to marine environment strongly demand long-term
field exposure research. Due to the presence of MgCl,, NacCl,
CaCl; salts in SW and DMS, slump is reduced, brittleness,
and accordingly, compressive strength (CS) of concrete at
early ages increase. While, in the long run, due to the
chemical reaction between hydration products and sulfates,
more ettringite are formed; so, considerable decrease in the
mechanical properties and durability parameters of concrete
happens.

Chemical impacts of SW as mixing water or curing water on
hydration products of cement mainly attributes to micro-
cracks formation due to crystallization pressure of existing
salt, and could be intensified if concrete is affected by
consecutive wet/dry cycles. In tidal conditions, consecutive
dry/wet cycles, temperature and humidity gradients intensify
over time the carbonation and diffusion of chlorides as well as
sulfates ingress. By contrast, degradation mechanisms of tidal
exposed concrete could be significantly suppressed by the
addition of high reactive supplementary cementitious
materials (SCMs) such as metakaolin (MK) and silica fume
(SF), and industrial wastes like ground granulated blast
furnace slag (GGBS), which can curb carbonation, chloride
binding capacity, and sulfate resistance in cement matrix.
Meanwhile, the effect of chloride attacks combined with
carbonation leads to a higher corrosion rate. This combination
causes the instability and the decomposition of Friedel's salt,
and the decrease in chloride binding capacity in cement
matrix. However, the desired physical properties of C-S-H
also contributes to suppress chloride diffusion, and to
physically increase chloride binding capacity. In the
carbonation reaction, CO- reacts with calcium hydroxide and
C-S-H, and forms CaCOs, which is physically weaker than gel
phases. The high concentration of CO, affects the pH or
alkalinity of the cement paste which may be decreased from
12 to about 9 to 8, resulting in the dissolution of phases that

basically increase the chloride binding capacity. Moreover,
the carbonation reaction in concrete composites exposed to
unsaturated environments strongly depends on relative
humidity (RH). Therefore, due to consecutive wet/dry cycles,
tidal zone (RH: 80+20%) has ideal conditions for severe
carbonation reaction compared to other zones (submerged or
atmospheric).

Furthermore, in sulfate-rich conditions, destructive sulfate
attacks are associated with the expansive products such as
ettringite (AFt) or gypsum. The pressure imposed by the
growth of expansive crystals causes pore formation and
micro-crack propagation, which can be diminished through
applying fundamental alterations in mechanical and chemical
properties of concrete by adding SCMs. This research focuses
on suppressing the degradation mechanism of SwC exposed
to a tidal zone of the Persian Gulf for 180 days.

2. Materials and method

The main materials used in this study were DMS, mineral
aggregates, FW, SW, cement, MK, SF and GGBS which were
used after determination of their main properties. A brief
description is as follows:

Optimum percentage of DMS (25%) was replaced with
mineral fine aggregates (#4>). SW was replaced with FW at
w/c: 0.4 ratio. MK, SF and GGBS were replaced optimally
with cement at 5%, 10%, and 15%, respectively. Two
reference mixtures were designed for comparison: The First
made with FW and mineral sand, and the Second made with
SW and DMS, without any pozzolan. Samples were cured
until 28-days of age in FW, then, transported to tidal zone and
preserved for 180 days, as seen in Figure 1.

2. Experimental program

In order to evaluate some of durability parameters of tidal
exposed samples, following tests were conducted: CS,
Electrical Resistance (ER), Carbonation depth, permeability
under pressured water, and SEM.
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Figure 1. Tidal exposed samples

3. Results and discussion

Using SW and 25% DMS in the concrete mixture increased
the 7-day CS of concrete by 6.8%, compared to the reference
sample. The reason is the presence of chloride salts (Figure
2). Moreover, MgSO4 in SW, formed expansive products in
the cement paste, which in the early ages reduced the
porosity, and resulted in the improvement of mechanical
properties. The changes in the CS of the reference sample
after 28 days of exposure to tidal conditions were more
significant, indicating less porosity owing to the lesser
formation of ettringite or gypsum. Morphologically, the
cement paste made with SW formed a needle-shape texture,
which reduced the effective contact surface with the
aggregate in ITZ, and weak bonding with the aggregate in this
section, which eventually led to the separation of the
aggregate from the cement paste in the environmental
pressures. MgSQ, contributed to the formation of ettringite,
which caused microcracks propagation and porous cement
paste. Therefore, through these microcracks, capillary pores
caused by the expansion of ettringite crystals, CO; penetrated
into the concrete texture, causing carbonation to be
progressed within concrete, and therefore, decrease in
chloride binding capacity.
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Figure 2. Compressive strength of samples

Having more than 90% SiO; in its chemical composition,
SF dramatically improved mechanical and chemical
properties of gel phases in cement matrix of SwC, and
through filling the capillary pores, prevented the sulfate
ingress and chloride diffusion and the formation of ettringite
and microcracks propagation. Moreover, by forming a dense
C-S-H with large specific area, SF suppressed the transfer of
conductive ions, and (mainly) physically increased chloride
binding capacity of SwC. SF contains small amounts of
alumina (Al,O3: 0.9) in its chemical compounds, therefore,
SF could not chemically increase chloride binding capacity
and mainly increased through gel phases. SF accelerated
Ca(OH), consumption and therefore, decreased alkalinity
(pH) at the beginning of hydration. By preventing the
formation of Ca(OH),, SF eventually caused less CaCOs3;
formation at the presence of natural CO; in tidal conditions.
Adding 10% SF to SwC caused reduction in the number and
depth of pores as well as Ca(OH), crystals and their rough
edges in the concrete transition area. This indicates that

process of consumption (decomposition) of Ca(OH). has
been accelerated. Moreover, ITZ in the SF-mixed sample
showed a coherent and dense texture of C-S-H, which can be
due to the property of fineness, high source of SiO,, and
reactivity of SF. The addition of 5% MK to SwC (SwCM)
increased the CS by 14.8% at 28-days period, then
experienced a 5% decrease at 180-days age. In this regard, the
impact of MK on the SwC's CS is different and does not
always have a stable or positive effect on concrete's physical
properties in long-term exposure to harsh conditions. MK
improved the chloride resistance of SwC at all measured ages
(Figure 3). This is due to the filling properties of MK, as well
as the presence of high amounts of alumina in its chemical
composition (Al:03> 40%), which has the ability to absorb
and trap chloride ions. Therefore, MK has increased the
chloride binding capacity of SwC primarily through chemical
compounds, and then by increasing the specific surface area
and density of the C-S-H.
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Figure 3. Electrical resistance of samples

GGBS had not significant impact on the CS of SwC at 7-
day age. Generally, GGBS does not have a strong pozzolanic
property and rapid reactivity, and therefore, should be
“activated” with other pozzolans or additives. This issue is
well displayed in the combination of SF and GGBS, and due
to the addition of SF, GGBS was effectively activated and the
CS of this combination increased. Moreover, the chemical
compounds of GGBS cannot absorb chloride; therefore,
GGBS primarily through physical properties of cement
matrix curbed chloride diffusion. However, the high amount
of lime in GGBS led to the formation of more calcium
hydroxide and more reaction with sulfates, which eventually
formed more cracks and capillary pores, by which the
mobility of conductive ions was accelerated.

3. Conclusion

Using DMS and SW, due to chloride salts, improved
mechanical properties (CS) of concrete about 6% at early
ages, while, due to porosity caused by ettringite and gypsum,
CS gradually decreased. MK formed C-S-H with relatively
large specific area, and due to its high source of alumina
increased the resistance of SwC in chloride-rich conditions,
but in sulfate conditions mainly caused ettringite formation.
Having high source of SiO, and reactivity, SF accelerated
Ca(OH), consumption, curbed carbonation and sulfate
attacks, and through forming high dense C-S-H, physically
increased chloride binding capacity and mechanical
properties of SwC. Using 15% GGBS, despite the slight
improvement of mechanical properties, due to the high source
of CaO in, leads to the severe carbonation and expansive
products formation caused by MgSQOs attacks in marine
environments. Thus, GGBS-mixed concrete in tidal
conditions will not improve durability parameters.
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Effect of Tidal conditions, Supplementary Cementitious Material and Marine’s Material on Some of
Concrete Durability Parameters

Mohammad Jahani Shore Shahnoori Saeed Moradi, Mohammad Yazdani  Cyrus Ershadi

Abstract The use of dredged-marine-sand and seawater for concrete production is practically more justified in marine
environments due to the primary sources of these materials. Also, it is very crucial to examine the durability parameters
of concrete structures in marine environments, especially in tidal conditions, because in these area, consecutive dry/wet
cycles, temperature and humidity gradients over time, intensify carbonation and diffusion of conductive ions, therefore
physical and chemical deterioration accelerated accordingly. The aim of this research is to investigate the effect of
metakaolin, silica fume, and slag on the mechanical properties and microstructure Seawater-seasand concrete in tidal
conditions. The results showed that the use of seawater and sand in concrete, due to the presence of chloride ions as well
as the filling of voids by ettringite caused by the sulfates attacks, led to the improvement of mechanical properties in the
early ages, but after that, a significant drop was occurred. Due to the high source of SiO, and its high reactivity, silica
fume accelerated the consumption of calcium hydroxide, prevented carbonation progress, and formed a dense calcium-
silicate-hydrate gel in the microstructure of Seawater-seasand-concrete, and in the presence of magnesium sulfate, better
than slag and metakaolin, prevented the formation of ettringite and therefore, propagation of pores and microcracks.

Key Words Durability of concrete, Mechanical properties, Concrete microstructure, Dredged marine sand, Tidal

conditions.
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