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Introduction

This paper presents the laboratory test results of a concrete mixture designed to
prevent the corrosion of marine structures at the Port of Imam-Khomeini in the north of
Persian Gulf in Iran. The aim of this project is to repair the concrete pile and berths

deteriorated by seawater attack and the completion of four other berths,

Steel corrosion in reinforced concrete is an clectrochemical process. In ordinary
condition, the concrete cover, with a pH between 12 and 13, is a very good protection for the
steel reinforcement. But in marine structures the existence of saline water and oxygen
(dissolved in the water or in the air) may cause problem. When the penetrability of concrete
cover is high, or when a small crack exists somewhere in the concrete cover, the corrosion of
steel reinforcement occurs in two stages. In the first stage, the chloride ion penetrates in to
concrete cover and by changing its pH, constitutes a galvanic cell. In the second stage oxygen
attacks to the stecl reinforcement. This process is within the increase of the volume so the

concrete cover cracks more, and the deterioration continues more rapidly.

The salinity of Persian Gulf 409;,(40 gr/litre), which is very high in comparison
with the salinity of the oceans (34 - 359%,) and many other seas, is a reason to increase
corrosion. Also the warm climate of this region may increase the dissolved air in seawater.

But the main reason of this deterioration is the initial concrete mixture design, that is
not well evaluated. With a water-cement ratio of 0.55 to 0.60, the concrete cover of piles and
berths are highly penetrable. Also the concrete cover thickness of the structures are less than
recommended values. In the other hand, a Portland cement type V, whose penetrability to
chloride ion is 2.5 times more than the Portland cement type L, is also used in the concrete

mixture.

To repair the detoriated concrete pile and berths, a shotecrete’ mortar including
Portland cement type II, water-cement ratio equal 0.4, and micro-silicate, with a compressive
strength of 500kg /cm® is designed. Now question is: “if this new concrete mixture is
impermeable enough to prevent the sea water penetration and if any other chemical products

such as Penetron® is also needed”.

! Shotcrete is mortar or concrete pneumatically projected at high velocity onto a surface. Since shotecrete is
generally used without exterior forms, the mixture should have a minimum slump so that sagging of the

shoterete is avoided.

* Penetron is a cementitious capillary waterproofing material, which is applied as a coating to the surface of

concrete structure in order to reduce its penetrability to chloride jon.
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In marine structures the existence of saline water and oxygen may cause problem.
Also the warm climate of the region may increase the dissolved air in seawater. But a
{undamenial reason of the deterioration is the problem of concrete mixture and that is
what has happened in the port of Imam-Khomeini in the nord of Persian Gulf in Tron

With a water-cement ratio of 0.55 to 0.60, the concrete cover of piles and berths wete
highly penctrable. Also the concrete cover thickness of the structures was less than
recommended valucs. A Portland cement type V, whose penetrability to chloride ion
is 2.5 times more than the Portland cement type 1, was also used in the concrete
mixture. :

To solve this problem, a concrete shotecrele mortar including Portland cement iypu i,
water-cement ratto equal 0.4, and mucro-silicate, with a compressive strength of
S00k¢ - cm”® was designed. The question now was “if this concrete mixture was
impermeable enough to prevent the sea water penetration and if any other chemical
products such as Penetron’ was also needed”.

s arficle s devided o two scetions. Tn the first section, an apparatus that was
constructed at Tafresh Campus of AmirKabir university of technology i« presented.
v sest procedure s according to A.ST.M. C 1202-91. This test method consists of
determination of the electrical conductance of concrete to provide a rapid indication
ot its resistance to the penetration of chloride ions.

In the sceond part, four different coneretc mixtures, preparcd at the port of Imam-
Khomeini, are tested and compared with each other. The (est resuits shows that the
designed shotecrete mortar mixture, with a very low permeability is suitable. Several
other conclusions are also obtained.

‘ Penetron is a cementitious capillary waterproofing material, which is applied as a
coating to the swrface of concrete structure in order to reduce its penetrability io
chioride ion.
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Introduction

This paper presents the laboratory test results of a concercte mixture designed to
prevent the corrosion of marine structures at the Port of Imam-Khomeini in the north ol
Persian Gulf® in Tran. The aim of this project is to repair the concrete pile and berths
detertorated by seawater attack and the completion of four other berths.

Steel corrosion in reinforced concrete is an clectrochemical process. In ordinary
condiiion. the concrete cover. with a pH between 12 and 13, is a very good protection for the
steel reinforcement. But in marine structures the existence of saline water and oxvgen
{dissolved i the water or in the air) may cause problem. When the penetrabiiity of concrete
cover 18 high, or when a small crack exists somewhere in the concrete covuer, the corrosion of
steel reinforcement occurs m two stages. In the tirst siage, the chionde ion penetrates in o
concerete cover and by changing its pI, constitutes a galvanic cell. In the sceond stage oxygen
attacks 1o the steei reinforcement. This process is within the increase of the »olurpe co the
conerete cover cracks more, and the deterioration continnes more rapidly.

The salinity of Persian Gulf 409/,(40 gr/ litre), which is very high in comparison
with the salinity of the oceans (34 - 35%) and many other seas, is a reason to increase
corrosion. Also the warm climate of this region may increase the dissolved awr in scawater.

2t the main reesen of this deterioration is the initial concrete mixture design, that is
not el evaluated. With 2 water-cement ratio of 0.55 to 0.60, the concrete cover of piles and
berths are hizhly nenstrable. Also the concrete cover thickness of the structurcs are lese than
recomimended values, In the olber hand. a Portland cement 1vpe V. whose penctramlivy 10
chloride 1on 15 2.5 times more than the Poriland cement tvpe 1, is also used wm the concrele
mixture.

T ropair the detoriated concrete pile and berths. a shotecrete’ mortar inchuding
Portland cement type 11 water-cement ratio equal 0.4, and micro-silicate, with a compressive
strength o S00kg /em’ s designed. Now question is: “if this new concrete mixture is
impermeable enough to prevent the sea water penetration and if any other chemicai nroducts
such as Penetron® is also needed”.

" Sholerete s mortar or conerete pneumatically projected at high velocite onte a surfaoe Sieen chnivrsbs s
cenerally used without exterior forms, the mixture should have a minimmm sharap so that sagging o1 the
shoterete 18 avoided.

benetion 15« cemeniinous capiilary waterproofing material, whicth s appiied as a coating to il surtave oF
emarste sTIche in order to reduce its penetrability to chlonde ion,




Test Method .

First, an apparatus including a vacum saturation apparatus, a 500 mil. separatory
funncl, a 1000 mL beaker, a 250mm inside diameter vacuum desiccator, a vacum pump
capable of maintening a pressure of less than 1 mm Hg in desiccator, a vacum gage accurate
to ~/- 0.5 mm Hg and coating apparatus and materials is mounted and tested accurately af
Rescarch Center of Tafresh Camus of AmirKabir University of Technology.

The test procedure is according to A.S.T.M. C 1202-91 and AASHTO T 259. Tlus
test method covers ihe determination of the electrical conductance of concrete to provide o
rapid indication of its resistance to the penetration of chloride ions.

The test method consists of monitoring the amount of electrical current passed
through 2-in. {51-mm) thick slices of 4-in. (102-mm) nominal diamcter cores or cylinders
during a 6-h period. A potential diffcrence of 60 V dc is maintained across the ends of the
specimen, one of which is immersed i a sodium chloride solution, the other in a sodium
hwdroxide solution. The total charge passed, in coulombs, indicates the chloride 1on
penetrability of (he sample. Table 1 shows the relation hetween the charge passed and the
chioride on penetrabuity.

Table 1 - Chloride Ion Penetration Based on Charge Passed

o Charge Passed (coulombs) Chloride Ton Penetrability -
>4000 High
2000 - 4000 Moderatc
1000 - 2000 Low
100 - 1000 Very Low
<100 ~ Negligible

Characteristics of Samples
As mentioned below, four different concrete mixtures and two sampics from cach type

have been used in this tesl.

e Samples No. 09054-a & b: Ordinary concrete mixture as used in port arca ouiside the
whart.

e Samples No. 09072-a & b: Ordinary concrete mixture as used in port arca outside the
whart with a coating of Penetron.

> Samples No. 62978-a & b: Special concrete mixture including micro-silicate, designed
for this project.

o Samples No. 04406-a & b: Special Concrete mixture including iicro-silivate with
coating of Penetron.

Test Results
"The temperature and electrical conductance arc measured for a period of 6 hours with
the 5 minute intervals for cach specimen. Figures 1 to 8 present the test results.
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Figure 1 - Temperature and electrical conductance of the sample No. 09054-a
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Figure 2 - Temperature and electrical conductance of the sample No. 09054-b
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Figure 3 - Temperature and electrical conductance of the sample No. 09072-a
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Figure 4 - Temperature and electrical conductance of the sample No. 09072-b
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Figure 5 - Temperature and electrical conductance of the sample No. 62978-a
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Figurc 6 - Temperature and electrical conductance of the sample No. 62978-b
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Figure 7 - Temperature and electrical conductance of the sample No. 04406-a
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Figure 8 - Temperature and electrical conductance of the sample No. 04406-b




Conclusions
The test results show that according to ASTM C1202:

»  The chloride ion penctrability of the special concrete mixture (including Portland coment
tvpe {1, suitable water-cement ratio, and micro-silicate) is in class very low.

o By the application of Penetron to this special concrete mixture, no signmficant differcnce
is observed. It means by adding the Penctron, the chloride fon penetrability of the specini
conercte mixture remains always in class very low.

e Ordinary concrete mixture (used in port area outside Wharf) without micro-silicale nor
Peucuon shows high penetrability.

e By the application of Peneiron (o the ordinary concrete mixture (already used in port arca
outside Wharf), its penetrability to chloride ion reduces to classes low to very low.

So the resistibility of special concrete mixture including micro-silicate. Portland cement
wpe I, and suitable water cement ratio to chloride ion penctration is well qualified and there
is no need to additional protective such as Penetron.

L the other hand, application of Penetron to already constructed structures in areas with
high corrosion risk, may reduce the chloride ion penetrability to classes low and very tow.
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Abstraci

In marine structures the existence of saline water and oxyvgen mayv cause problem.
Alse the warm climate of the region may increase the dissolved air in scawatcr. But @
fundamental reason of the deterioration is the problem of concrete mixture and that is what
has happened at the port of Imam-Khomeini in the nord of Persian Gulf in Iran.

To solve this problem, a concrete shotecrete mortar inchiding Portland cement tune 11
waler-cement ratio equal 0.4, and micro-silicate, with a compressive strength of SO0k ws
is Gesigned. Ln order to svaluate the impermeability of this concrete mixture, several concrete
specimens. prepared at the port of Imam-Khomeini are preparcd and tested.

Tlus article is devided in two scctions. In the first section, an apparatus that is
consirueizd at Tatresh Campus of AmirKabir University of Technology is presented. The toe!
procedure is according to A.S.T.M. C 1202-91. The test method consists of determination ot
the electrical conductance of concrete to provide a rapid indication of its resistance to the
penetration of chloride ions.

In the second part, four different concrete mixtures, prepared at the port of Imam-
Khomemi, are iested and compared with each other. The test results shows that the designed
shotcereie mortar mixture, with a very low perimeability is suitable. Several other conclusions
are also oblamed.
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