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Abstract: The performance of hardened concrete may be 

degraded by the chemical action of chlorine ions (Cl-) or sulfate 
(SO4

2-) in sea water. Thus, supplementary cementitious materials 
(SCMs) are used in replacement of OPC for the purpose of 
improving the durability of concrete, but show weaknesses such as 
drying shrinkage. Judging that the sole use of SCMs has 
limitations in designing concrete durability to cope with the 
environment of salt damage, this study suggests the use of 
aluminum-based inorganic salts (AIS) in the form of chemical 
agents. This study aims to select material of the highest efficiency 
in enhancing the durability of offshore concrete, by performing 
the durability evaluation of typical four SCMs and four AISs that 
are intermixed as single materials. There has been almost no 
domestic or overseas research on Al-based organic salts 
intermixed in the form of chemical agents for the purpose of 
improving resistance to salt damage and offsetting drying 
shrinkage. It was confirmed that mortar intermixed with Al-based 
chemical admixtures showed great performance improvement in 
the rates of length change. The mixture proportion intermixed 
with sulfate ion (SO4

2-) as binding anion tended to show 
unfavorable reaction in terms of resistance to sulfate erosion and 
drying shrinkage. On the other hand, the mixture proportion set 
with nitrite ion (NO3

-) as cation showed excellent performance 
improvement in all evaluation items, compared with 
non-intermixture. It is deemed that it will be necessary to 
highlight further and make use of the expansion properties and 
chloride binding performance of Al-based organic salts through 
the design of offshore concrete mixture proportions. 
 

Keywords: Aluminum salts, SCMs, Chloride Penetration, Dry 
Shrinkage, Sulfate erosion. 

I. INTRODUCTION 

In the case of reinforced concrete structures exposed to 
marine environment, their service life is significantly reduced 
according as chlorides penetrate cover concrete and are 
accumulated around reinforced bars beyond a certain level of 
concentration (critical chloride content) [1, 2]. The 
penetration velocity of penetrating chloride is greatly affected 
by the quality and watertightness of concrete [3].  
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Therefore, BS 8500 [4] and ACI 201 Code [5] suggest 
blended cement of various binder combinations in order to 
secure the durability of reinforced concrete structures 
exposed to the environment of salt damage, because the 
application of inorganic supplementary cementitious 
materials (SCMs) as binders can improve the resistance of 
concrete to chloride penetration [6]. 

 The SCMs include blast furnace slag (BS), which is most 
widely used among them, fly ash (FA), silica fume (SF), and 
metakaolin (MK). While it has been reported that they have 
the effects of reducing the heat of hydration in concrete or 
filling the micropores of cement [7, 8], they have been known 
for the large amount of bleeding and vulnerability to drying 
shrinkage [9]. As for mass concrete structures such as dams, 
given their large amount of moisture evaporation and the 
effects of thermal stress that should also be considered, they 
are under circumstances unfavorable to cracking [10, 11]. 

In this study, it was judged that the sole use of SCMs would 
have limitations in designing cement durability to cope with 
the environment of salt damage. Thus, aluminum-based 
inorganic salts (AIS) were intermixed as chemical agents at 
the same time when SCMs were applied as concrete 
admixtures. It is expected that AIS can trigger not only the 
chemical binding of chlorine ions within concrete, but also 
expansion reaction within the microstructures of cement, 
thereby offsetting some of drying shrinkage. Mixtures were 
set according to the intermixture ratios of each material, and 
their compressive strength, drying shrinkage properties, and 
resistance to the environment of salt damage were reviewed 
by experiment. 

II.  EXPERIMENTAL PLAN 

In the experiment, mortar was intermixed with concrete 
mineral admixtures, which are represented by SCMs, and 
chemical agents, which used aluminum salts as principal 
components, respectively, and the effects of the intermixed 
materials on the durability of mortar against salt damage or 
drying shrinkage were verified by experiment. In general, it 
has been known that mineral admixtures contribute to the 
physical blocking of the penetration of salt damage factors by 
densifying the microstructures of cement [12]. In this 
experiment, almost all kinds of mineral admixtures in general 
use were applied, and their replacement was conducted in 
their two ratios to the weight of OPC.  
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The replacement ratios were set differently according to 
levels applied to each admixture in the existing studies. In the 
case of BS that is most widely used in South Korea, its 
replacement ratios were 30% and 50%. And those of FA were 
set to 10% and 30%, and those of SF and MK, which are 
relatively rarely used, were set to 5% and 10%. 

On the other hand, in the case of aluminum-based chemical 
admixtures dealt with by this study, they were proposed for 
the purpose of the chemical binding of water-soluble free 
chlorine ions (Cl-) [6, 13] (See Eq. 1). 

AlX+2Cl-+OH- → [AlCl2OH]+X-                

As for aluminum salts, other study reports that they show 
expansion characteristics during the process of cement 
hydration [13], and they are evaluated as equipped with 
necessary conditions required by offshore concrete. It is 
anticipated that the above expected reaction will commonly 
bring improvement in the durability of offshore concrete; 
however, it is evident that different quantitative values of 
improvement will appear according to the characteristics of 
materials to be intermixed. 

Therefore, in this experiment, I intended to fabricate 
mortars separately intermixed with each material, to evaluate 
their compressive strength, shrinkage properties, and the 
characteristics of durability against salt damage, and to select 
material showing the most excellent performance and the 
highest application efficiency on the basis of the experiment 
results. 

The evaluation items were the compressive strength of 
mortar according to ages, and the rate of length change caused 
by drying shrinkage. In addition, specimens were exposed to 
chlorine ion (Cl-) and sulfate ion (SO4

2-), which are salt attack 
factors in sea water, for the purpose of the comparative 
evaluation of their resistance to salt damage. As is generally 
known, as factors of performance degradation, chlorine ion is 
related to the corrosion of reinforced bar after its penetration 
into cover, and sulfate ion is related to the reduction of 
stiffness caused by the erosion of concrete itself. Therefore, as 
for specimens exposed to chlorine ion, the depth of ion 
penetration into their concrete was measured, and their 
relative values were compared. And as for specimens exposed 
to sulfate ion, the change of their weight caused by erosion 
and whether their stiffness was reduced were reviewed.  

A. Materials and Mixture proportion 

OPC (density 3,150kg/m3, fineness 338m2/kg) and SCMs 
including blast furnace slag (labeled as BS, density 
2,910kg/m3, fineness 385m2/kg), class F fly ash (labeled as 
FA, density 2,245kg/m3, fineness 315m2/kg), silica fume 
(labeled as SF, density 2,250kg/m3, fineness 20,500m2/kg) 
and metakaolin (labeled as MK, density 2,610kg/m3, fineness 
1,000m2/kg) were used in this study. The chemical 
composition of OPC and SCMs used for the experiment is 
shown in Table 1. In addition, as for fine aggregate, river sand 
with the density of 2,510kg/m3 and the maximum size of 5mm 
was used. 

 
 
 

Table 1. Chemical composition of binder 
Chemical 

composition 
SiO2 Al2O3 Fe2O3 CaO MgO SO3 Ig.loss 

OPC 21.1 6.5 2.9 62.5 3.3 2.2 1.5 

BS 33.3 15.3 0.4 42.1 5.7 2.1 1.1 

FA 55.2 28.7 10.5 2.5 1.3 0.1 1.7 

SF 97.3 0.2 0.3 0.3 0.3 - 1.6 

MK 53.1 41.1 3.1 2.1 0.5 - 0.1 

Together with the mineral admixtures, a total of four kinds 
of aluminum-based chemical admixtures in the form of stable 
solutes (aluminum sulfate Al2(SO4)3, aluminum hydroxide 
Al(OH)3, aluminum nitrate Al2(NO3)3, and aluminum oxide 
Al2O3) were planned, and their intermixture amount was set to 
1.0% of binder weight. Among the experiment items, items 
relating to rheological property were excluded, and thus it was 
planned that no water-reducing agent would be intermixed. 
The mixture proportions of mortar set according to the above 
plan are shown in Table 2. 

Table 2. Mixture proportion of mortar 

 
W/B 
(%) 

Unit weight (kg) Al-based 
solute 

(B×w.%) 
W 

Binder 
Sand 

OPC BS FA SF MK 

OPC 

47.0 47 

100 - - - - 250 - 
BS30 70 30 - - - 250 - 
BS50 50 50 - - - 250 - 
FA10 90 - 10 - - 250 - 
FA30 70 - 30 - - 250 - 
SF05 95 - - 5 - 250 - 
SF10 90 - - 10 - 250 - 

MK05 95 - - - 5 250 - 
MK10 90 - - - 10 250 - 
Al(SO) 100 - - - - 250 1.0a) 
Al(OH) 100 - - - - 250 1.0b) 
Al(NO) 100 - - - - 250 1.0c) 
Al(O) 100 - - - - 250 1.0d) 

a) Aluminum sulfate (Al2(SO4)3) 
b) Aluminum hydroxide (Al(OH)3)  
c) Aluminum nitrate (Al2(NO3)3) 
d) Aluminum oxide (Al2O3) 

B. Evaluation methods 

Compressive strength 
For the compressive strength test, specimens with the size 

of ∅100×200mm were fabricated in accordance with Korea 
Standard (KS) L 510, and then were cured in water at 20±2

℃ for specified days. The measurement was performed at the 

ages of 7, 28, and 56 days, respectively. 
 
Drying shrinkage test 
For the drying shrinkage test of mortar, specimens with the 

size of 100×100×400mm were fabricated in accordance with 
KS F 2424, and were cured in a room of constant temperature 
and humidity where the environment of relative humidity 

50±5%RH and temperature 20±3℃ was maintained (Figure 

1).  
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The measurement was performed on the 3rd, 7th, 28th, and 
56th days, and the state of shrinkage was read from a dial 
gauge, as shown in Figure 2. 

 
Sulfate resistance test 
Sulfate (SO4

2-) in sea water is known to cause concrete 
surface stripping and scaling, though not penetrating cover 
concrete and affecting reinforced bar directly. In the present 
experiment, the weight reduction rate of mortar immersed in 
sulfate for a certain age was reviewed in accordance with 
ASTM C 267, as methods for evaluating mortar stiffness 
reduction and surface erosion caused by sulfate, which is one 
of factors in degradation caused by salt damage, and at the 
same time, the sulfate deterioration factor (SDF) suggested by 
Rasheeduzzafar [14] was computed. 

 
First, as for the weight reduction rate test suggested by 

ASTM, cylindrical specimens of ∅100×200mm were 

fabricated and cured in water at 20±3℃ until the age of 28 

days. Sediments were removed from their surfaces with a 
brush, and they were sufficiently dried at room temperature 
for more than 24 hours, and then their weight was measured.  
After then, the specimens were immersed in 10% H2SO4 
aqueous solution for up to 28 days, and were taken out at 
specified ages. And their changed mass was measured after 
drying, and the rate of weight reduction to their initial weight 
was computed.  
On the other hand, the sulfate deterioration factor (SDF) 
means the rate of reduction in compressive strength between 
before and after erosion. Mass reduction caused by sulfate 
may occur even when some of surface aggregate is separated 
or stripped, without sulfate being involved in the reduction in 
the stiffness of internal specimen tissues. Therefore, through 
experiment on weight change, we cannot be sure whether 
sulfate penetrated inside and acted on the microstructures of 
cement. Thus, it is suggested that mechanical properties 
inside specimen should be evaluated by comparing 
compressive strength between before and after sulfate 
penetration. The test methods are similar to those for weight 
reduction rate, and the rate of reduction in compressive 
strength was computed by comparing the strength before and 
after immersion in 10% H2SO4 aqueous solution. 

 
Chlorine ion penetration test 
As a method for reviewing the resistance to chloride and 

the chloride binding capacity, the depth of chloride 
penetration was measured after specimens were immersed in 

salt water. Although the penetration depth of free chloride is 
not directly applied to the design of concrete durability, it is 
used as a qualitative indicator that can directly compare 
chloride resistance [15]. Particularly, in mortar experiments 
that are difficult to be applied directly to structures, it can be 
applied as a means of evaluating the relative performance 

index. The specimen was fabricated with the same 100×100×

400mm mold as in the length change test.  At the time when 

the standard water curing (20±3℃) for 28 days ended, epoxy 

was thickly applied to all its surfaces except a surface to be 
penetrated by chlorine ion. After then, the specimen was 
immersed in 5% and 15% NaCl solutions of different chloride 
concentrations, respectively. And the specimen was split at 
the measurement ages of 28 days and 56 days after 
immersion, the indicator was sprayed on check surfaces 
according to KS F 2737, and the depth of discolored portion 
was measured. As for the chlorine ion indicator to induce 
reaction with chloride included in concrete, it was prepared at 
the concentration of 0.1N after drying AgNO3 for more than 

one hour at 130℃ according to KS M ISO 6353-2. After 

waiting for the sufficient reaction of the indicator with 
chlorine ions on check surfaces, the indicator of uranine 
(C20H10Na2O5) prepared at 1(w/w)% was sprayed, and then 
the depth of penetration was measured. 

III. RESULT AND DISCUSSION 

A. Compressive strength of mortar 

Figure 3a and Figure 3b show the development of 
compressive strength in mortar according to the types and 
replacement ratios of mineral admixtures. BS50, FA30, SF10 
and MK10, which show high SCM replacement ratios, were 
classified into one group (Figure 3a), and BS30, FA10, SF5 
and MK5, which show low SCM replacement ratios, were 
classified into another group (Figure 3b). 

 
 
 
 
 
 
 
 
 
 

Figure 1. Curing in a 
constant 

temperature-humidity room 

Figure 2. Measuring the 
drying shrinkage 

a) Replacement of a large amount of SCMs 
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Figure 3. Compressive strength of mortar according to 

the types of binders 
 

In Figure 3a representing admixtures of high replacement 
ratios, BS50 and FA20 showed low levels of strength at the 
age of 7 days, which is a relatively early stage, compared with 
the mixture proportion of no admixture (OPC). Over time, 
however, the phenomenon was reversed according as BS50 
and FA20 exceeded OPC in strength at the age of 28 days and 
56 days, respectively. It is deemed that this resulted from the 
fact that the latent hydraulic property and pozzolanic 
reactivity of the admixtures promoted the excellent 
development of strength in mortar not containing coarse 
aggregate. An increase in long-term strength means that 
microstructures are densified over time, which is judged to 
have good effects on resistance to chloride penetration as 
well. On the other hand, SF10 and MK10 showed higher 
strength than OPC at all ages, and it is found that their strength 
increases considerably until the age of 28 days, but after then 
their rates of increase slow down. SF and MK, which have far 
higher fineness among SCMs, showed high rates of strength 
growth due to initial fast hydration reaction, but it was found 
that their long-term strength improvement was not very great. 
Strength development property by admixture becomes more 
conspicuous according as the ratio of replacement becomes 
higher. 

Four kinds of aluminum-based chemical solutes were set 
according to the types of binding anions, and were intermixed 
with mortar. And the results of the evaluation of their 
compressive strength are depicted in Figure 4. As seen in the 
results, the intermixture of the chemical admixtures had no 
great effect on the development of compressive strength in 
mortar. They showed strength differences of ±0.9Mpa at the 
age of 28 days and maximum ±2.0Mpa at the age of 56 days, 
respectively, in comparison with OPC. It is judged that these 
results are within the limits of error, given that the specimens 
are mortar, not concrete. But the mixture proportion 
(AL(SO)) having sulfate ion (SO4

2-) as binding anion showed 
lower strength than AL(NO) by about 4.0Mpa (as of the age 
of 56 days). This is a phenomenon resulting from the existing 
hypothesis that sulfate ions destroy the microstructures of 
cement, and it is deemed that sulfuric acid dissociated into 
ions within the cement composites had effects. 

 
Figure 4. Compressive strength of mortar according to 

the types of Al-based chemical admixtures 

B. Drying shrinkage of mortar 

Changes in length caused by the drying shrinkage of mortar 
are found to be very great compared with concrete, and it has 
been known that this is because the effects of offsetting by the 
volume of coarse aggregate are removed. Therefore, it is 
difficult to conduct the quantitative evaluation of drying 
shrinkage, and focus was given to the relative comparison of 
the mixture proportions. The drying shrinkage properties of 
mortar according to the types of mineral admixtures are 
shown in Figure 5.  

Overall, great changes in length occurred due to sudden 
moisture evaporation at early ages, which is judged to be the 
proper characteristics of mortar that has more pores than 
concrete. From the age of 7 days, BS50 and FA30 showed 
greater changes in length than OPC. It is deemed that these 
characteristics resulted from the facts that a lot of excess 
water existed within pores at the early stage of hydration 
reaction due to pozzolanic reaction and latent hydraulic 
property, and then the tendency of shrinkage appeared 
conspicuously due to moisture evaporation. On the other 
hand, SF10 and MK10 showed slightly excellent resistance to 
drying shrinkage. It is judged that this was affected by the 
sharp reduction in the total quantity of pores due to the fast 
reaction rates of SF and MK at the early stages. The existing 
research also reported similar findings after measuring the 
total volume of pores according to admixtures [16]. 

 
Figure 5. Drying shrinkage properties of mortar 

according to binder types 
 
 

b) Replacement of a small amount of SCMs 
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Figure 6. Drying shrinkage properties of mortar 

according to the types of Al-based chemical admixtures 
 
Figure 6 shows drying shrinkage properties according to the 

types of Al-based chemical admixtures. Their different four 
types of anions are SO4

2- OH-, NO3
- and O2-, and all of their 

cations are Al3+.  
As a result of making the relative comparison of the mixture 

proportions, with the control proportion (OPC) as reference, 
Al(SO) mixture proportion showed the greatest length change 
rate, whereas Al(NO) and Al(OH) showed the excellent 
performance of shrinkage reduction with the smallest length 
change rates. In the case of Al(O), it tended to be similar to 
OPC. It is judged that these results were attributed to the 
differences in oxidation number among the anions and the 
differences in the number of moles included in the same 
weight. 

C. Sulfate resistance properties of mortar 

Figure 7 shows the weight reduction rates of mortar, which 
was immersed in sulfate solution (H2SO4), according to ages 
of immersion. 

Almost no change in mass was found up to the age of 28 
days, and after then, all the mixture proportions showed 
weight changes of about 2.3–3.4%. Particularly, while the 
mixture proportions of BS50, FA30 and MK10 showed 
somewhat slight changes, compared with OPC, the proportion 
of SF10, which was found to have excellent compressive 
strength, showed rather greater weight reduction. 

With the weight change rates of about 1.0%, however, it is 
difficult to determine whether stiffness was reduced by sulfate 

erosion, and it cannot be accurately identified whether sulfate 
penetrated the inside of mortar to destroy its issues, or only 
affected the erosion of surfaces so that some aggregate was 
separated. Thus, the results of weight reduction rates may be 
applied as a tool for the broad examination of sulfate 
resistance properties at field where it is impossible to measure 
compressive strength, and it is deemed that the examination of 
sulfate deterioration factor (SDF), which can determine the 
reduction in stiffness quantitatively, will have more 
reliability. 

 
Figure 8. SDF according to the types and replacement 
ratios of admixtures (immersion in sulfate for 56 days) 
 
Figure 8 shows the SDF of specimens immersed in sulfate 

solution (H2SO4) for 56 days. BS50 and MK10 show the 
highest sulfate resistance properties, followed by SF10 and 
FA30. It was found that the higher the replacement ratio of 
admixture, the higher the SDF, and thus it was possible to 
identify the high sulfate resistance properties of the mineral 
admixtures. On the other hand, while SF shows high 
compressive strength, it shows a relatively somewhat 
unfavorable tendency in terms of sulfate resistance properties. 
It is judged that in case of using SF, it will be desirable to 
increase its replacement ratio or apply it together with BS or 
FA. 

Next, Figures 9 and 10 show the after-erosion weight 
reduction rates and SDF of mortar to which Al-based 
chemical admixtures were applied, respectively. 

 
 
 
 

Figure 7.  Rates of changes in mortar weight due to 
sulfate erosion according to the types of binders 

Figure 9. Rates of change in mortar weight after sulfate 
erosion according to the types of Al-based chemical 

admixtures 
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Figure 10. SDF according to the types of Al-based 

chemical admixtures (immersion in sulfate for 56 days) 
First, in the case of Al-based chemical admixtures, it was 

found that weight reduction was somewhat higher than in case 
of the replacement with mineral admixtures. Particularly, 
Al(SO) mixture proportion, which contains sulfate anions 
inside, showed the greatest changes in weight among all the 
mixture proportions at the age of 28 days and 56 days, which 
was a tendency also agreeing with the existing research 
reported by Weerdt. These findings indicate the danger of 
internal chloride already intermixed before hardening, in the 
event of using sea sand or water without filtering them in the 
fabrication of offshore concrete. Besides, while Al(NO) and 
Al(O) mixture proportions showed tendencies similar to 
OPC, Al(OH) showed relatively vulnerable result values, 
though it was good compared with Al(SO). It is deemed that 
these results are associated with pH inside hardened cement 
paste. Analysis shows that the increase of OH- ions arising 
from ion exchange promotes the basification of pH, and that 
ettringite is simultaneously formed when Ca(OH)2 is 
decomposed. As a result of evaluating the sulfate resistance 
properties of mortar, it is judged that in case of intermixture 
with Al-based chemical admixtures, SO4

2- and OH- as binding 
anions, that is, exchange anions are somewhat vulnerable in 
terms of sulfate resistance properties. And it will be desirable 
to select an excellent cation out of O2- and NO3

- through the 
evaluation of resistance to chlorine ion. 

D. Resistance to chloride penetration of mortar 

 Although the depth of chloride penetration is not directly 
applied to the design of concrete durability against salt 
damage, it can be used as a relative indicator showing 
resistance to chloride penetration. Salt water for immersion 
was set to NaCl 5% and 15%, respectively. The influence of 
pH was excluded from consideration. Figure 11 shows the 
depth of chloride penetration into admixture-replaced mortar 
immersed in NaCl aqueous solution. 

 
a) Replacement of a large amount of SCMs 

 
b) Replacement of a small amount of SCMs 

Figure 11. Penetration depth of chlorine ion according to 
the types of binders 

 
The results of the experiment show that except for FA30 

mixture proportion, the intermixture of all the mineral 
admixtures is effective for resistance to chloride penetration, 
and that particularly, MK and BS have very excellent 
resistance to penetration. On the other hand, FA mixture 
proportion showed the most unfavorable performance among 
the applied admixtures, showing similar or somewhat larger 
values compared to OPC. Considering all of sulfate and 
drying shrinkage properties, it is deemed that the intermixture 
of only FA should be avoided. 

In the case of mixture proportions set with low admixture 
replacement ratios, it is SF and BS that showed the greatest 
increase in values according as replacement ratios decreased.  

In particular, in the case of BS, it is deemed that 
maintaining the replacement ratio of 50% or higher will 
increase the consumption of Ca(OH)2 and also be favorable to 
pH reduction. As a result of qualitatively examining 
resistance to chloride penetration according to the types of 
admixtures, it was found that the chloride binding 
performance was excellent in the order of MK≈BS>SF>FA, 

irrespective of replacement ratios. 
The depth of chloride penetration according to Al-based 
admixtures is as shown in Figure 12. In the design of this 
experiment, the main purpose of intermixing Al-based 
chemical admixtures was the improvement of chloride 

binding performance (Eq. 1). While Al-based admixtures 
failed to show a marked improvement in the performance of 
resistance to sulfate corrosion,  
 
 

Figure 12. Depth of chlorine ion penetration according to 
the types of Al-based chemical admixtures 
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they show a significant performance improvement in all their 
mixture proportions during the chloride penetration test. 
Particularly, Al(SO), which tended to be vulnerable to sulfate, 
shows relatively high resistance in chloride binding, and 
Al(NO), which showed the development of excellent 
performance in the sulfate resistance and the length change 
rate, shows the relatively lowest penetration depth. As a result 
of evaluating the items of experiment performed, it is judged 
that NO3

- shows the most optimum performance of resistance 
to salt damage among the binding anions of Al-based 
admixtures. 

IV. CONCLUSION 

For the purpose of selecting the most efficient material in 
enhancing the durability of offshore structure, four types of 
mineral admixtures and four types of chemical admixtures 
were intermixed as single materials with mortar, respectively. 
The results of a series of relative evaluations of mortar 
intermixed with the materials are as follows: 
The mineral admixtures showed great performance 
improvement compared with the control proportion (OPC), in 
terms of compressive force, resistance to sulfate, and chloride 
penetration characteristics among the items of evaluation 
performed. But as to drying shrinkage properties caused by 
moisture evaporation, they showed somewhat great change 
rates due to retarded hydration rates at the early stages. 
Among the four types of admixtures, it was found that blast 
furnace slag (BS) showed the best performance and 
applicability as to compressive force and resistance to salt 
damage. On the other hand, fly ash (FA) and silica fume (SF) 
showed performance even falling short of non-intermixture 
(OPC) in some evaluations. 
There has been almost no domestic or overseas research on 
Al-based organic salts intermixed in the form of chemical 
agents for the purpose of improving resistance to salt damage 
and offsetting drying shrinkage. It was confirmed that mortar 
intermixed with Al-based chemical admixtures showed great 
performance improvement in the rates of length change 
caused by drying shrinkage and resistance to chloride 
penetration, compared with OPC, and it is deemed that this is 
attributed to the expansion property of Al3+ and the chemical 
reaction of chloride binding. However, the mixture 
proportion intermixed with sulfate ion (SO4

2-) as binding 
anion tended to show unfavorable reaction in terms of 
resistance to sulfate erosion and drying shrinkage. On the 
other hand, the mixture proportion set with nitrite ion (NO3

-) 
as cation showed excellent performance improvement in all 
evaluation items, compared with non-intermixture. 

It is expected that Al-based inorganic chemical admixtures 
will show complex reaction mechanism in the process of 
cement hydration, together with several reactive entities, and 
it is judged that it is difficult to apply them to the field right 
now because there has been almost no research relating 
thereto. Thus, it is deemed that it will be necessary to 
highlight further and make use of the expansion properties 
and chloride binding performance of Al-based organic salts 
through the design of offshore concrete mixture proportions.  
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