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Abstract

In this study, the effects of the partial immersion of sulphate attack on the ultimate load capacity of reinforced self-
compacting concrete (SCC) columns and the sulphate attack resistance improvement using silica fume, steel fibres, and
the combination of silica fume and steel fibres were assessed. Twelve short circular self-compacting reinforced concrete
columns (0.150 m in diameter and 0.7 m long) were cast and divided into groups according to (1) the three acid-attack
groups. The first group was tested without an acid attack (control). The second group was tested after 1 month of exposure
to 2% acid. The final group was tested after 1 month of exposure to 4% acid and was then (2) subdivided according to the
type of casted concrete. The first group was cast with SCC. The second group was cast with SCC and silica fume (0.1% of
the cement weight). The third group was cast with SCC and 1% volume fraction steel fibres. The fourth group was cast
with SCC silica fume and 1% volume fraction steel fibre. All columns were tested by axial loading. The ultimate load was
increased by 42% with silica fume, 190% with steel fibres, and 238% with silica fume and steel fibres. Exposure to 2%
and 4% acid reduced the ultimate loads of the columns casted with SCC by 23% and 47%, the columns casted with SCC
and silica fume by 34% and 37%, the columns casted with SCC and steel fibres by 69% and 78%, and the columns casted
with SCC, silica fume, and steel fibres by 72% and 79%, respectively. Based on the results, using silica fumes improved
sulphate resistance, and using steel fibres enhanced sulphate resistance at an acceptable ratio. Furthermore, the mix with
silica fume and steel fibres improved sulphate resistance at a good ratio. We encountered several problems in this study.
The partial immersion of sulphate affected the strain in both concrete and steel. Future studies using different immersion
ratios are recommended.
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1. Introduction

Self-compacting concrete (SCC) is a developed concrete that does not require vibration for casting and compacting.
Most SCC mixes, including limestone powder (LP), which improves workability and strength development, are
widespread in Iraq. Durability is an important aspect of concrete, especially when it has to resist different types of
chemicals. Durability mainly depends on the materials used in the concrete. Recently, the durability of concrete has
been improved by adding different materials, such as LP, silica fume, or steel fibres [1].

SCC is increasingly used, especially in precast concrete, for many applications, including sewer pipes, foundations,
and many other concrete members with narrow sections, such as columns, or any other members where durability is
essential because reducing porosity improves steel protection. Furthermore, casting is simple without the use of a
vibrator [2].
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Concrete can be attked by different acids, and sulphuric acid is an extremely strong acid that can severely damage
concrete members. This acid is naturally produced in soil and groundwater [3, 4]. Members of concrete structures can
also be attacked by groundwater and cloamivastes that contain sulphaxidizing compounds [5]. Structural
members, such as columns, can be corrupted by sulphuric acid in cases of leaks in sewer pipes [6]. Protection against
sulphate attacks requires a reduction in the permeability of conatetes low permeability can increase its durability
when exposed to severe condition9]7

Concrete must be protected and kept consistently safe to reduce damage when concrete is attacked by sulphate, and
a way to perform this is to use SCC. Usuallyicaifume is used to reduce the permeability of concrete. The use of steel
fibres can also affect concrete permeability {12]. Other methods used to reduce the damage caused by sulphate
penetration into concrete have been studied; one of these methG&#RIB confinement [13]. The use of CFRP
confinement decreases the reduction in initial axial stiffness andchraging capacity. In addition, it reduces the
ultimate axial displacement. All of the above changes have been studied using different numveéemrgfitycles for
different durations

Anwar & Makhlouf [14] used nine different concrete mixtures with2%% fly ash. They also studied their effects
on the properties of concrete and sulphatgEisting cement by using different water/binder mateales at 0.4, 0.5,
and 0.6 cured in water for 28 days, immersed in a 5% sodium sulphate solution for 6 months, and then tested by
destructive and noedestructive tests. They found that using fly ash enhanced the resistance of concrete to sulphate
attacks.Selvan [15] demonstrated the effect of the change in Portland cement components on sulphate attack
resistance. Four types of cements with different components (i.e., ordinary Portland cement, sulphate resistance
cement, pozzolana Portland cement, and Bodtslag cement) were exposed to two different sulphate attack methods
(i.e., wet and dry cycles and complete immersion). The results showed that Portland slag cement has good sulphate
resistance, and the specimens exposed to the wet and dry cyclegaletenare rapidly than the completely immersed
specimens.

Bektimirovaet al.[16] showed that reactive powder concrete exhibits good sulphate resistaanalygingthe
different mixtures of reactive powder concrete attacked with different sodium sufpmetentrationsRasheed et al.
[17] stated that the use of the polymer in reinforced concrete subjected to sulphate salt attack is not advisable. They
found that the polymer negatively affects the strength of reinforced concrete by studying the coenptessith of
polymerreinforced columns with a 7.5% polymer/cement ratio immersed in different sulpdratentrated soils (SO
10.609% and 2.61%) for various durations.

The abovementioned studies have focused on the effect of sulphate attack on specimens either fully immersed in
sulphate water and soil or exposed to wet and dry cycles. To the best of our knowledge, no study has dealt with the
use of steelibresor the mk of steelfibresand silica fume on the sulphate resistance of partially immersed concrete
columns.Thus, this study investigated the colutnehaviorcast with SCC and different admixtures subjected to
sulphate attacks.

2. Research Significance

In this resegch the sulfate resistance of twelve reinforced selipacting concrete columns was studied. The casted
columns were divided mainly in to three groups, the first group tested without exposure to sulfate acid (control). The
second group was tested afteartial immersion (a quarter of the column from the bottom) in 2% sulphate acid
concentrate for 30 days. Finally, the third group was tested after partial immersion (a quarter of the column from the
bottom) in 4% sulphate acid concentrate for 30 days

Eachgroup was subdivided into four SCC columns.(control without silica fume or steéibres with silica fume
at 10% of cement weight, with 1% stéielres volume and with mono of silica fume at 10% of cement weight and 1%
steelfibresvolume).

All specimens were tested under static load using the MFL system of the hydraulic test machine type EPP 300. Given
the limited number of specimens, a simple analysis was conducted using thprBgcanto compare them with each
other. Figure 1 shows a flowchaittbe research methodology.

2070



Civil Engineering Journal

Vol. 8, No. 1Q October 2022

Experimental work

(casting, curing, sulfate attack, and testing)

|

|

Control group Group attacked by 2% Group attacked by 4%
(without sulfate attack concentrate sulfate, concentrate sulfate.
R1-2% R2-2% R3-2% R4-2% R14% R2-4% R3-4% RA-4%
Control With With With Corttrol With With With
R R2 4] R4 Withou silica Steel silica Withou silica Steel silica
Control With With With t 10% fiber 10% t 10% fiber 10%
Withou silica Steel silica Silica B 1% and Silica By 1% and
t 10% fiber 10% Or cement By steel Or cement By steel
Silica By 1% and Steel weight volume fiber Seel weight volume fiber
or cement By steel fiber 2% 2% 1%, fiber &% 4% 1%,
Steel weight volume fiber 2% sulfate sulfate 2% 4% sulfate sulfate 4%
fiber 1% sulfate attack attack sulfate sulfate attack attack sulfate
attack attack attack attack
Quring in tap water for 28 days Curingin tap water for 28 days Curing in tap water for 28 days

|

l

Immersed partially (quarter of column
height from bottom) in 2% concentrated
sulfuricacid for 30 days

Immersed partially (quarter of column
height from bottom) in 4% concentrated
sulfuric acid for 30 days

1

I

| All spedmens tested by vertical load

Figure 1. Flowchart of the research methodology

3. Materials and Methods

3.1 Materials

All materials met the specification limits for concrete: ordinary Portland concrete, sand, crushed 10 mm maximum
sized gravel, tap water, silica fume and sfiseeswith a density of 7,800 kg/indiameter of 0.2 mm and length of 15
mm. All materialproperties are shown in Tablegdl5, and the graded curves are shown in Figures 2 afide3steel
reinforcement bars were composed of six deformed bars (6 mm longitudinally and 4 mm stirrups at 100 mm c/c). The
cover of the concrete was 20 mm from tbp, tbottom and sides of the columns

Table 1. Analysis of physical properties of cement

1.0.S 5/1984
Not less than 2300 ciigm

Property Result

Fineness by air permeabilit 3012
Method (Blain)

Initial setting time 140 min Not less than 45 min.
Final setting time 4.2 hr Not more than 10 hrs
Compressive strength 33 Not less than 15 MPa
3-day age 45 Not less than 23 Mpa

7-day age

Table 2. Limestone powder chemical analysis

Oxide Content %
CaO 57
Sio, 14
Fe0s 0.1
Al,03 0.68
MgO 0.12
SG; 0.23
L.O.l 4.7
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Table 3. Analysis of chemical properties of cement

Oxides Content % Iraqgi Specification Limits I.S.0 5/1984
Cao 63.46 60%-67%
SiO, 19.94 17%25%
Al;0; 4.67 3.0%8.0%
MgO 2.86 5% max.
Fe0s 3.29 0.56.0
SG; 2.3 2.8% max.
L.O.l 3.32 4% max.
Insoluble Residue 0.72 1.5% max.
L.S.F. 0.97 0.661.02
Compound compositior
CsS 39.28
C:S 32.63
CeA 11.98
C.,AF 8.00

Table 2 Steel fibres properties

Fibres diameter 0.2 mm (+ 0.02)
Fibres length 15 mm (+/1)
Tensile strength 2460 MPa
Modulus of Elasticity 200 GPa
Density 7.5 glend
Shape Straight
Apperance Shiny, brass coated
Safety Non Toxic, Non Irritating, Neutral

Table 3. Silica fume properties

Vol. 8, No. 1Q October, 2Q2

SiO, Content >85%
Alkaline as NaO <1.5%
Loss on ignition <4%
Moisture content <3%
Specific surface area >15 nf/g
Sieve analysis for fine aggregate
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Figure 2. Sieve analysis grading curve for fine aggregates

2072



Civil Engineering Journal Vol. 8, No. 10 October 222

Sieve analysis for coarse aggregate

100
90
80
70
60
50
40
30
20
10

Passing ratio

12

Sieve size

Figure 3. Sieve analysigrading curve for coarse aggregates

3.2 Casting andCuring

Twelve columns with a diameter of 150 mm and height of 700 mm were divided into three groups and cast using a
plastic mould. The columns were first reinforced with steel bars and then cast vefTioalfirst group of columns was
made with SCC. The second group was made with SCC and silica fume (the silica fume used was 10% of the cement
weight). The third group was made with SCC and 1% §itaelsvolume. Finally, the fourth group was made with SCC,
silica fume and 1% steéibresvolume. The optimum ratio for silica fume is 5%% of cement weight and 1%.5%
of steelfibresvolume, especially when they are combined [12]. The details of all specimens are shown in Figure 1 (flow
chart) and Table 6. surfaces of the columns were adjusted and modified using a healer. The mould was removed
after 24 h, and the columns were cured in water for 28 days

Table 4. Specimen details

Symbol Description
ScC Self Compacted Concrete
R1 SCC control column
R2 SCC+10% by cement weight silica fume column
R3 SCC+1% by volume steéibrescolumn
R4 SCC+10% by cement weight silica fume+1% by volume siieeds column
R1-2% SCC column exposure to 2% concentrate sulfate
R2-2% SCC+10% bycement weight silica fume column exposure to 2% concentrate sulfate
R3-2% SCC+1% by volume ste@brescolumn exposure to 2% concentrate sulfate
R4-2% SCC+10% by cement weight silica fume+1% by volume siieels column exposure to 2% concentrate sulfi
R1-4% SCC column exposure to 4% concentrate sulfate
R2-4% SCC+10% by cement weight silica fume column exposure to 4% concentrate sulfate
R3-4% SCC+1% by volume ste@brescolumn exposure to 4% concentrate sulfate
R4-4% SCC+10% by cement weight silica fume+1% by volume siieeds column exposure to 4% concentrate sulf:

3.3. SteelReinforcements

All columns have the same reinforcement ratio and distribution (6 bars: I®mgitudinally and 4 mm c/c 100 mm
stirrups). All bars were deformed type. The steel reinforcement details are shown in Figure 4
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Sirrups : ]
bar s Column diameter —
700 mm
Longitudinal
Bar $mnd R

Figure 4. Steel reinforcement details

3.4. Sulphate Attack

After 28 days of curing, the columns wereragted from the water basins and then placed in special plastic tanks
containingtwo different concentrations (2nd 4%) of sulphate acid solutions and a tank containing the control samples
(Figure 5).The height of the acid solution level in the basin was equal to the height of the quarter of the column from
the bottom, as shown in Figure 4. Thus, the columns remained in these basins for 30 days and were then extracted and
tested The control specimeri®l, R2, R3 and R4 were not exposed to sulphate attack. However, after 28 days of curing,
they were kept inside the laboratory until the day that all specimens were tested

Figure 5. Sulphate immersion

3.5. Test Method

All columns wee tested using a static vertical load subjected to the MFL system of the hydraulic test machine type
EPP 300. The deflection at the middtep part of the column was measured using a dial gauge. The strain of the concrete
and steel could not be tested hesm of the effect of the sulphate on the surfaces where the locally available strain
gauges were placed. The column testing failed. Figure 6 shows the test method setup
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Figure 6. Test method

4. Results and Discussion
4.1.Load-Deflection Relationships

For all specimens, deflection was measured at the middle of the effective length of the columns using a dial gauge
(accuracy 0.01 mm). Furthermore, in this work, we focused on the strength of the columns after exposure to acid attack.

4.1.1. Group 1 (R1, R2, R3 and R4)

Figure 7 demonstrates the lede@flection relationship of the control group. For this group, the behavior of all
columns is ductile, starting with a linear style before the appearance of the first crack and then completing with a ductile
style to the failure phase. In the failure phase, some stiff behavior has appeared in R3, which contains steeldibres due t
the addition of this material to the SCC. All other columns showed the same behavior, except for the ultimate loads,
which depend on the types of admixtures.
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Figure 7. Load-deflection relationship of specimens without sulphate attack

The best behavior was recognized in the R4 column, which has silica fume and steel fibres together; this combination
provides the column with more ductile behavior and definitely supports more of the ultimate load. The effect of silica
fumes changed the effect of steel fibres; we observed this from the differences in the behavior of columns R3 and R4,
and the effect of steel fibres clearly appears from behavior differences between R2 and R4, as shown in Figure 7. The
abovementioned behaviors explain the benefits of using a combination of steel fibres and silica fume in a reinforced
concrete column with a circular section. The increase in the absorption capacity of the column with silica fume and steel
fibres is due to the increase in compressive strength. Silica fume consolidates concrete by reducing its permeability and
increasing ductility; thus, the durability of concrete also improves. The effect of the mineral admixtures enhances SCC
properties, especially compressive strength [8,19] and the use of straight steel fibres increases the load strength
[20, 21].
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4.1.2. Group 2 (R1-2%, R2-2%, R3-3% and R4-2%)

In these experiments, the columns were immersed in 2% acidic solution for 30 days and then tested. Figure 8 shows
that the behavior of these specimens under these experimental conditions is highly ductile, especially for column R3 -
2%. This result is evident when comparing the behavior of these columns under 2% acid attacks and without acid (R3).
This finding can be due to the sensitivity of steel fibres to acid. In addition, when we compared the other columns using
the same loads, we determined that the behavior becomes flat and soft, and the acid effect is clear for ultimate load
capability, as expected. The deterioration of columns depends on the type of concrete additions used in the admixtures,
the improvement of the admixtures on the concrete sulphate resistance [7, 22], and, in this case, the combination of steel
fibres and silica fume, which increases the compressive strength of concrete. In this study, we showed the important
effect of combining silica fume with steel fibres to deal with the impermeability effect on sulphate resistance, which is
reduced and improved by the combination of silica fume and steel fibres, as shown in Figure 8.
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Figure 8. Load-deflection relationship of specimens attacked by 2% sulphate

4.1.3 Group 3 (R1-4%, R2-4%, R3-4% and R4-4%)

For this experiment, the specimens were immersed in 4% acidic solution for 30 days and then tested. Column R1 -
4% shows the worst behavior, where deterioration due to the acid is quite clear, as shown in Figures 15, 16 and 17.
Moreover, the ultimate load curve shows more softened and large values of deflection. The specimen with steel fibres
R3 - 4% still exhibits stiff behavior; however, its capability for supporting ultimate load has decreased. For the column
with silica fume, only R2 - 4% shows more stiffness and slightly affects the ultimate load compared to when they were
immersed with 2% acid, as shown in Figure 9.
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Figure 9. Load-deflection relationship of specimens attacked by 4% sulphate
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The mix between steel fibres and silica fume for column R4 - 4% shows good results, but does not have the same
effect as that in 2% acid attack. Other researchers have referred to the effect of using mineral admixtures on sulphate
resistance with different acid concentrations (A3, They supported the fact that an increase in sulphate concentration
increases the deterioration of SCC properties [22] and that the mineral admixtures used reduce these deteriorations, as
shown in this study.

4.1.4. Sulphate Acid Concentration Effect on LoadDeflection Relationships

By comparing the effect of acid on columns casted with the same type of concrete (admixture) and with different
loads, we found that the columns casted with SCC only subjected to 2% acid solution (R1 - 2%) have the same as the
control columns but with a decrease in ultimate load. Meanwhile, the columns subjected to 4% acid solution (R1 - 4%)
have deteriorated in and in ultimate load. This finding proved that an increase in the concentration of sulphate acid
increases the speed of acid penetration in concrete, which evidently decreases the bond between concrete and steel
reinforcement [22] and weakens the load capacity of the columns, as shown in Figure 10.
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Figure 10. Load-deflection relationship of control specimens

The second group, R2 - 2% and R2 - 4%, casted with SCC and silica fume, shows almost the same when subjected
to 2% acid attack and somewhat similar with 4% acid attack, with more rigid caused by the increase in acid concentration
and reduction in the concreteel bond, which decreased the ductility of the column. However, the acid attack certainly
reduces the ultimate load and the absorption capacity of the load because of the reduction in compressive strength when
exposed to acid, as shown in Figure 11.
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Figure 11. Load-deflection relationship of self-compacting concrete with silica specimens attacked by 2% and 4% sulphate
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For the third group, R3 - 2% and R3 - 4%, which were cast with SCC and steel fibres, the effect of acid on the stiff
of the control specimen is recognizable, especially at 4% acid attack, confirming the sensitivity of steel fibres against
acid and the porosity of SCC when steel fibres is used, which increases acid penetration, as shown in Figure 12.
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Figure 12. Load-deflection relationship of SCC with steel fibres specimens attacked by 2% and 4% sulphate

For the last group, R4 - 2% and R4 - 4%, the behafitinie columns has deteriorated and softened. The effect of

combining steel fibres and silica fume reduces the porosity of concrete, protects the steel and steel fibres from acids and
improves ductile behavior. However, the acid attack certainly reduces the ultimate load, as shown in Figure 13.
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Figure 13. Load-deflection relationship of self-compacting concrete with silica and steel fibres specimens attacked by 2%
and 4% sulphate

4.2. Ultimate Failure Load and Compressive Strength

4.2.1. Group 1 (R1, R2, R3 and R4)

Clearly, the compound of silica fume and steel fibres (volume fraction of 1% and 0.1 of concrete) with SCC is the
best combination. This combination has increased the failure load of columns casted with only SCC by 238% and

conpressive strength by 112,

37 %,

whi ch

is consifbregnt

wi 1

at 1% volume increases the failure load by 190.4% and compressive strength (cube 150 mm) by 21.35%. Meanwhile,
the use of silica fume (10% of cement weight) increases the failure load by 42.85% and compressive strength (cube 150
mm) by 100%. All of the above ratios were compared with the control specimen cast from SCC only, as shown in Table
7. The effect of sulphate attack has been discussed by several researchers, and all of them agree that permeability
reduction using mineral admixtures or other methods enhances sulphate resista?2£Rl9,
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Table 5. Failure load, compressive strengths and the effect of sulphate attk

(Increasing percentage of

failure load

(Reduction percentage of failure

Column Column . Failure — Compressive strength for s a ratio from the control column R1) load from the control of each group)
groups load (kN) cubes (N/mnd) (MPa) (%) BT H'PMT 7 1 TET H PR (%) 4. 4m J. LWL w00
NN ] 4. +"
R1 210 41.2
Control self
compacting R1-2% 160 26.9 23.8
concrete (SCC)
R1-4% 110 25.6 47.6
R2 300 82.5 42.85
SCC with silica R2-2% 200 36.2 33.34
R2-4% 190 28.9 36.67
R3 610 50 190.4
SCCwithsteel  p3zes 190 335 68.85
fibres
R3-4% 130 28.6 78.68
R4 710 87.5 238
SCC with silica o
and steefibres R4-2% 200 394 71.83
R4-4% 150 35 78.87

4.2.2. Group 2 (R12%, R2-2%, R3-3% and R4-2%)

When the columns were subjected to 2% sulphate attack, the use of silica fun2Z2gR@nd stedibres(R3 - 2%)
1 -8% (SCCboply), 2gSebtively.dJdingl 8 . 7 5 ¢
l oad

increases

control columns without any addition (R2%). The effects of exposure to 2% sulphate acid on the ultimate load of the

t h

columns are as follows

e column’s
the combination of stedbresand silica fume (R42 %) , t he c o

ul timate

]l umn”’

S

ultimate

1 Columns without any addition and subjected to 2% acid attack @R4) had a reduction of 23.8% in ultimate
load relative to the control columns (R1), which were not attacked by sulphate

9 When using the silica fume (R2%), thereduction was only 33.34% from the control column (R2); this result
showed the benefit of using silica fume, which reduces the porosity of concrete and, as a consequence, minimises
the effect of the acid

1 When using stedibres, the reduction in failureobd due to the acid attack (R3%) was 68.82%; this reduction
can be attributed to the increase in the porosity of concrete when usinfibsessind the sensitivity of steel to
the acid, which causes steel to rust

1 Finally, the one with stedibresand silica fume was the worst scenario; the reduction was 71.83% from the control

column R4; this significant reduction was caused by using Bibeet which, despite the benefit of using silica
fume, increased porosity and decreased failure load

4.2.3.Group 3 (R1-4%, R2-4%, R3-4% and R4-4%)

Under a 4% sulphate attack, the silica fume {R2) and stediibres (R3-4 %)
load by 72.72% and 18.18% compared with (RA%), respectively. When the stefdbres and silica fumewere

combined (R4 4 %) ,
addition (R1- 4%). For the columns casted with silica fume and attacked with 4% acid, the reduction in the failure load
was 36.67% relat® to the control column R2. This result showed the benefit of using silica fume, which reduced

porosity.

t he

col umn’

s ultimate

l oad

increasced

increased

t he

by

In the case of control columns without any addition (R®6), the reduction was 47.6% from the control column
R1. When stedibreswereused, the reduction was 78.68% from the control column R3. For the last case, when using
the combination of steébresand silica fume (R44%), the reduction was 78.87% from the control column R4, which

represented the worst case, as shown in Figlire 1
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Figure 14. Ultimate load for all specimens with different cases of sulphate attack

4.3. Failure Mode and Crack Analysis

All specimens had a crushed concrete failure from the top to the bottom ends with major diagonal cracks, except for
the steel fibres group, after sulphate attack. The crushing started from the bottom towards the top ends. The same failure
mode was shown by Liu et al. [24]; all mechanisms started at the top and bottom ends with thin cracks that increased in
width and length, as shown in Figures 15 to 17. During the experimental test, crack-causing velocity in concrete
increased with load [226]. From the shape of the failure, the use of steel fibres clearly made the column weak when
exposed to sulphate attack because of the steel reinforcement corrosion caused by acid [22].

Figure 16. Group 2 during the test
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Figure 17. Group 3 during the test

The cracks started at teegcumference of the top and bottom bases of the columns and then progressed towards the
middle of the column height in a straight and diagonal manner. As the load increased, the crack width widened, and the
cracks started in a horizontal manner aroundctiel umn’ s s ur faces. Further more, S T
However, less spalling occurred in specimens that contained steel fibres than in the other specimens. The crash at the
column ends appeared in all specimens with different shapes. Theanash occurred in specimens exposed to 4%
sulphate acid.

4.4. Colour of Columns and Gorrosion Zones

After 30 days of sulphate attack, the color of columns at the zone of exposure to acid became white, and the zone
was blown, as shown in other studies [28%ept for columns containing steel fibres, which became white and produced
a rusty color, as the acid caused rust in the steel fibres. Columns without steel fibres had minimal corrosion at the
exposure zone, whereas columns with steel fibres demonstteéedarrosion.

5. Conclusiors

From the study results, we can enhance the ultimate load of theed@@ced columns by using steel fibres, silica
fume, and their combination. This enhancement improves the properties of concrete. The speed of appeénance and
width of the cracks were reduced when using steel fibres and silica fume. The behavior of-thefliecttbn curve was
ductile. More importantly, when using steel fibres and silica fume, the ultimate load and ductile behavior improved.

When partiallyimmersed in sulphate acid, sulphate attack resistance increased when using silica fume (10% of
cement weight), and when using steel fibres, minimal differences were observed. Furthermore, when using their
combination. In the case of a 2% acid concentraiidhen the columns were exposed to 4% acid, the use of silica fume
enhanced the sulphate resistance more than using steel fibres, which is because permeability is reduced by silica fume;
however, using steel fibres still improves sulphate resistance. frowmthe permeability caused by using steel fibres,
we combined them, and this combination increased sulphate resistance more than using steel fibres.

In addition to all the previously mentioned behaviors of the columns, using silica fume improvedydubgin
exposed to a partial sulphate attack. The stiffer property of the steel fibres near the failure load also softened due to the
sulphate attack. The combination of steel fibres and silica fume improved the behavior of the duetiefliecttbn
relaionship and failure progress.

In this study, we discussed the effects of partially immersing in sulphate acid the different types of reinforced SCC
columns, variations of using silica fume and sféksand their combinations on sulphate resistance. More studies are
necessary, especially regarding the strain in concrete andRstgbermore, other mineral admixtures, such as fly ash;
other types of concrete, such as normal and-kigingth concretenal several other types of materials can be .used
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