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ABSTRACT

The problem af corrosion has reached major proportiong in manv
parts of the world. This problem has alsa been encountered in “nypt,
gspecially in the cosstal areas.

The present wark was wundertaken to compare befween caorrosiaon
resistance af three types of locally produced cements {ordinary
portland, Slast Furnace, and Sulphate resisting cement). Four
cancrete mixea fram esch cement were chosen to cover most aof the
gractical mixes which are currently used in many structures io Egypt.

Compressive strength and splitting tensille s=strength were
evaluated after 28, 60,90 and 120 days for specimens attscked by
gulpate as well as for similar control specimens cured by Fresh water
to be as comperison levels. The-variation of strenoths gives an idea
about the influence of sulphate aon concrete specimens.

As a result bof thia resesrch, some useful conclusions and
practical recommendadtians have been reached for concrete protection
agalnsi corrosion.

1. INTROOUCTION

It is well known +that most damapes of reinforced concrete
structures sre due to the gradusgl growth af corroslon of concrete
glements by sulphate attack.

Calcium, sodium, and magnesium sulphates usually exlst in
soils wifh conceptrations up to 5% {50 gm/l.). Unprotected concrete
foundation elements such as deep pilea, isolated foptings and raft
foundations placed in the ground at depths varying mostly from 1 ta
6 ms, are highly susceptible ta deterioration and corrosion by
sulphate attack.
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Indeed, in the last few years, better understanding and reliasble
knowledge concerning corrosinn criteria of concrete was stroagly
needed for the econgmical and safety considerations. Sa, the
corrosion of concrete structures has been engaging the activities of
workers all over the world.(13(2){8)(9)

The atim of this paper is to compare corrosion resistance of three
types of lpoeally produced cemants (ordinary portland cement [OPC],
blast furnace slag cemegnt [BFC], and sulphate resistinog cement [SRC],
and 8lse tp provide more knowledge Ffor both designers and site
engingers about the extent to which these cements may stand egainst
sulphste corrosion.

2. EXPERIMENTAL PRDGRAM

Three types of cement were used (OPC], [BFC]. and [SRC]. Four
concrete mixes were prepared Fium each type of cement using twno
cement contents (250 and 450 kp/m-) and two slump values were chosen
for each cement content (80 mm and 10 mm). Table (1) summarlzes
detailed wvalues for the weights, volumes, and mix proportions of

.concrete constituents used in this investigation.
2-1. Preparation of attacking solution

Magneslum sulphate (Mg 50 -7H_0) with purity 99% was chesen to
represent the corrosive me&ia uﬁiuh attack the concrete specimens.
In order to obtain rapid and correct information about the rate af
corrosion, rapid method oF corrosiontesting should bhe' performed. The
rate of corrosion was accelerated Dy increasing the concentration of
attacking sulphate splution. This concentration was chosen to be 80
gn/l (8D DOQ ppm).

2-2. Preparation of specimens:

Concrete mixes were desligned, trested, and confrolled under
similar conditions. The ceonstituents were mixed in dry state for one
mirute ta ensure the unifgrmity of the mix. Mixing water was added
gradually and the contents were mechanicelly mixed for a period of
two minutes. The slump and compacting factor tests were carried out
on all concrete batches.

Vibrating teble and hand tamping were used during placing of
concrete to ensure full compaction. Specimens were removed from the
moulds after 24 nours from casting then cured in water until tested.

All concrete specimens which were planned to be attacked by
Mg 50y, wvere tzken from curing water after 28 days, then marked, and
weighed. For each mix three specimen groups were prepared according
to the fallowing programme: )

1- for first grovp, routine tests were carried gut to obtain the

original strenoth velue after 28 days.

2- for second group, control specimens were cured under water far
variosus age periods (60,90, .and 120 days).

3- The third group, specimens were stored under Mg 50, solutiaon
(503 = 80 gm/1) for carresponding age periods (60,90,and 120
days) similasr to control group specimens which were cured by
freah water.

2-3. Testing of hardened concrete

Compression test as well as gsplitting tensile test were carried
aut on cube specimens 10X10X10 cm. The splitting tensile strength was
computed using the Following Formula:

Fo gaot
where: S ar2 5
Fy= Splitting tensile strength (ko/cm”™)
P = Max. compressive load (kg)
L = Side length of cube {cm)
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3. RESULTS AND DISCUSSION

The obtained resulfs sbout the influence of corrosion on the
mechanical properties of plein concrete spercimens will be analyzed
and discussed. Mechanical properties i{ncluded in thig study are
compressive gtrength and splitting tensile strength. Strengths were
ocbtained at wvarious agqes for Goth control specimens stored under
water and identicel specimens attacked by sulphate solution.

The main results of this experimental work and the overall
average reductions in strengths which resulted from the chamical
attack of mopnesium sulphate on concrete specimens msy bE summarized
in figs (1 to 8) and tables 2 & 3. Fram the figures and tablea the
following obeervationa may be abtained:

1) Specimens attscked by sulphate showed lower strength than
similar ones cured by Fresh water. The percentace reduction in
strength due to sulphate attack varled between 1-.3% and 36%
With average value 21%.

2) The average percentage reductions in compressive strength are
28%, 1% and 14% For[OPC], [BFC] and [SRC] respectively. The
corresponding reductions in splitting strength are 27%, 19.5%
and 26% respectively. Thess reductions in strength may be due
to the chemical reaction between magnesium sulphate and cement
which lesads ta significant expansion and disintegration of
cancrete elements.

3) The rate of disintegratlon ia 1{influenced by the cC3 A
{(Tri-calcium aluminate) content of the ‘cement. Cements
containing less then 6 percent C3A exhibit strong resistance.
However when &he C3A content exceeds 12 percent the concrete
is lieble to suffer from attack by sulphates no matter what is
the density of the concrete.

4} The rate of attack by sulphate solution 1is affected by
a) the condition af concrete and the possibility of =such water
ta pernexrate through it, and b) the chemical composition of
the concrete. Houwever dense rich concreta with low Fermesbility
will be much more resistant to infiltration by the sulphate
wagter than lesn concrete.

5) The good resistance of tlast furnace slag cement mey be due fto

the Fact tnat 35 % of its canstituents are chemically
nonreactive materials i.e. the adverse reactive materials are
55% only. -

4. Mechanism of sulphate attack

The mechanism of sulphate attack can he explained as:

1- Sulphates react chemically with calcium ant aluminum lons in
cement paste to Fform caleium sulphate (gypsum) and calcium
sulphoaluminate hydrate . (ettringite) according to the
following equations:

Ca(0H)z+ MgS0410Hp0— Ca 50 -2H Op+Mg{OH)2+ B8 Hp0
Calcium hydroxide + Magmesium sulphate —a gypsum + Magnesium

hydroxide.
4 Cab. ARl,05.19H,0 + 3{CaS0y.2H,0}+7Ho0—p3Ca0.ALl,0+.3Ca S0, .
3MH,0 + Ca ?DHJE ¢ 2 27d N

Calcium aluminate hydrate + gypsum —s EttTingite + calcium

hydroxide.
2- The formed products have considerably greater volume than the
compo und thay replace. This leads to significant expansion

ang disintegration of concrete element, eg.g. the increase in
volume dug to gypsum {s eguivalent ta 17.7% of the original
volume. While the "sttringite" is accompanied by 3n increase
in volume equivalent to 227 % of the ariginal volume, so, the
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farmation af gypsum and =sttringite is the main rezson: Ffor
the detrimental sulphete action.

5. CONCLUSIONS
The main conclualona of this experimental work may be gummarlized

6.

7.

8.

9.

28

1)

2}

3)
&)

=)

&)

follopws:

The cholce of attacking material (magnesium sulphate) with
(S0 3) concentration 80 gm/) was very relisble in quick
determinstion af the corrosion raste within Ffew daya of

aulphate asttack.
Locally produced ordinary portland cement [OPC} pesponse to

norrosion atiack of concrete specimens with the same role and
gfficiency For Dboth two strengths (compressive and zplitting
tenaile). It indicated the maximum percentage reductions in

strengths.
Blast furmace slap cement [BFC) showed high corrosion resist-

ance eapecially in compressive strength.

Sulphate resisting portland cement [SRC] showed medium role in

resisting corrozion attack.

The besat concrete mix for resisting corrosion was _given by the
rich concrete mix (cement content= L50D kg/m3, w/C= 0.37)
prepared from [BFC]. This mix was able to resist sulphate for
92 days and lose 1% only of its originel compressive strennth
during the oversll 3ge period af =attacking process. This
appriclate the use of (BFC) aver all other types.

One more important conclusion is that the effect of the attackinz material
does not begin before 28 days of curing for all three tested cement types,
This can be noticed from all the curves presented in this work (Fig.t te
Fig 6.}
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