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Abstract — The employment af seli-compaciing concrete SCC has extended worldwide due to its
many advaniages for the concrete production feclinology, Op the other hand, the uve of self~curing
technigue minimizes the consummation of curing water, which {5 an important isswe especially in
the areas with water scarcity. Therefore, the aim of iy study s to wse selfconring method with
SCC. Firstly, the gool iz fo imvestigate the gffect of cement replacement percentage with sifica
Sfusmie on soene fresh and hardened properties of SCC and to specify the eptimum one. For this
prrpose, mives with jowr different percemtages of silica fume (0%, 5% M0% 153%) have Dbeen
considered. Secondly, the effect of applying self-curing wsing woter soluble pohoving! wlcobol PVA
in comparivon with waler curing and sealed cwring on the mechanical propertics of SCC has heen
investigated. For thiy poal the compressive, splitfing tensile, and Texwral tensile stvengihs of
hardened SCC have been studied for the above mixesr and for the three curing methods and tio
curing perfouds 28 and 60 davs. The results show that the optimal percentage for silica fume that
leads to muxinngm strength properiics v 10% for all the curing lechnigues and periods.
Furthermore, all the SCC mixex cured inwater always give the highest sirength valves followed by
those selfceured. Another tmportant finding iv that the self-curing wsing PVA shows an interesiing
resnlt gince it provides sirength velwes olose to the ones obtained from using woter curing with a
strength reduction less than 3% af age 28 davs for the case of 100% silica fume. Copyripht © 2022
Praise Worthy Prize S.rd, - Al righis reserved.

Keywords: Compressive Strength, Curing Technigues, Flexural Strength, Palwiny! Alcahol, Self-
Compacting Concrete, Self-Curing, Silica Fume, Splitting Tensile Strength

Nomenclature I.  Introduction
0%SF  Mix with 0% cement replacement by silica SelzCompacting  Concrete  {or  self-consolidating
fume concrete) SCC 1s a special type of concrete that is
5%SF Mix with 5% cement replacement by silica flowable under its own gravity and can fully fill the
fume formwork, even the places with congested reinforcement,
10%SF  Mix with 10% cement replacement by silica without any compaction or vibradon and  without
fume homogeneity defect due bleeding or segregation [1]. The
15%5F  Mix with 15% cement replacement by silica SCC has three essential characteristics that distinguish it
fume from other types of concrete. These charactenistics are:
n Mean value of two perpendicular diameters of filling {or flowing) ability, which reflects the SCC ability
the final spread conerete circle (slump flow to flow through and fill the total space of the formwork,
test), mm passing ahility, which describes the ability of SCC to
HaiHy Blocking ratio which is resulted from pass easily through the areas of dense reinforcement and
measuring the concrete heights at the other obstacles, and stability (resistance to segregation)
horizontal part of L-box apparatus: () at the that refers to the ability of 3CC to keep its homogeneity
beginning and (£43) at the end during its placement and setting [2]-[3). In order 1o reach
PvaA Water soluble polyvinyl alcohol these characteristics of SCC, three main categorics of
SO0 Self~Compacting Concrete SCC mixes can be used. The first category 1s the powder
SP Superplasticizer iype mixes in which a high content of powder (silica
T Time in seconds recorded during the V-funnel fume, fly ash, ground limestone fines, ...} is used, while
test the second ome is the VMA type mixes that are
50 Elapsed time in seconds for flowing conerete characterized by a high deosage of Viscosity Modilving

to reach a spread eircle of 50 em diameter
{slump flow test)
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Agent (VMA), and the third type (combined type mixes)
is a combination of the first two categories [4]. The SCC
was originated in Japan at 1980s. However, the
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employment of SCC has extended worldwide due to its
many advantages for the concrete production technology,
The main advantages of SCC are: less manpower (less
labor cost), ncreasing productivity due less construction
time, fmproving health and envirowment at the working
site due to the reduction in noise levels. improving
surface quality, Furthermore, SCC opens the possibilities
fr new structural elements that have not been feasible
with the other tvpes of concrete [5], [6]. Concrete
strength is the result of chemical reactions between water
and the cement compounds i.e. hydration of cement. The
development in concrete propertics with age continues as
long as the cement has an internal moisture content
above than 80% [7], |[8]. Therefore, adequate curing
plavs an important role in the production of concrete with
high quality since it can ensure the availability of water
required for the cement hydration and eliminate problems
related to the plastic shrinkage cracking [9], Curing
methods can be broadly classified into two main groups.
The first one involves the application of water
frequently or continuously throughout the hydration
process in formn of water ponding, sprays, steam,
covering with moist hessian (or burlap or cotton mats o
samd or sawdust). The concept in the second gronp is to
prevent the loss of water from conerete by covering the
surface of fresh concrete with plastic sheets, reinforced
paper, or by spraying {or applyving) special curing
compounds that form membranes covering the concrele
surfaces, [107<[13]. Another curing technigque is the self
curing {or intemnal curing) in which the main concept is
to preserve the concrete relative humidity necessary for
the hydration process [14]. This can be achieved either
by making the concrete able to redoce the water
evaporation and as a result increasing its ability to retain
water nsing chemical agents [15], or by making available
additional internal water (not part of mixing water) using
porous materials or physical water-absorbing materials
[14]. Theretore, there are different materials that may be
used for the puwpose of the self-curing technique such as
Shrinkage Reducing Admixture SRA, Super-Absorbent
Polvimers SAP, LightWeight Aggregate LWA, and
superfine powders [16]=[19]. The use of self-curing
mvolves many advantages compared to normal curing
methods, including economical consummation of curing
water which i3 an impotant issue especially in the areas
with water shortage or scarcity, more efficient for high
performance concrete or concrele with low wie since the
permeability of these concretes becomes rapidly low 1o
permit the ingress of external curing water from concrete
surface 1o the inlerior concrete layers. reducing
autogenous shrinkage, curing water distributes somewhat
uniformly through the whole concrete body and does not
concentrate al the surface laver, more suilable for the
concrete works in which the use of conventional curing
metheds is difficult like structural members at high
altitude, vertical components, slope roofs [20], [21],
Many researchers [12], [20], [22]-[26] have studied
the effect of curing regime on the mechanical propertices
of self~compacting conerete or sell-compacting mortar
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and they have reported that the water curing regime can
provide the maximom strength  characteristics  as
compared to other methods. Madduru et al. [20] have
investigated the efficiency of using different dosages of
hydrophilic (PEG 4000: polyethylene glyeol - 4000} and
hydrophobic (LPW: Ligmd Paratfin Wax} as internal
curing agents on the mechanical properties of SCC as
compared with normal water curing and no curing cases,

In comparison with water curing, the results indicate
that the internal curing reduces the compressive strength,
the splitting tensile strength and the flexural strength at
age 28 days by 3.4%, 26.3% and 11.4% for PEG 4000
and <. 6%, 31,3% and 6.3% for LPW. Nandhini et al. [27]
have studied the effect of water, intemal using
superabsorbent polymer, and Gunny bag curing methods
on the compressive strength and splitting tensile strength
of S8CC. They have found out that at age 28 days the
reduction in compressive and splitting tensile strengths
due 1o the application of internal curing is about 10%4 and
20% respectively, Other rescarches [28]. [29] have also
reported that the compressive strength of self-cured
concrete using curing agents is about 10% less than the
one of normal water-cured concrete. Effect of using the
internal coring chemicals (PEG 4000 and PEG 2000 on
the compressive strength of self~compacting mortar has
been studied by Madduru et al. [25]). They have found out
that there is about 6% reduction in compressive strength
at age 28 days when using intemal curing compared (o
the case of water curing. In order to protect the ecology,
the use of eco-friendly construction procedures and
materials becomes essential nowadays. As stated above,
the use of each SCC and self-curing has a positive impact
on the environment therefore the combination of them is
aimed in the present study, Firstly, the goal is 1o
investigate the effect of cement replacement percentage
with silica fume on seme fresh and havdened properties
of 8CC and to specify the optimum one, and secondly to
stidy the effect of self-curing in comparison with other
curing methods {water curing and sealed curing) on some
mechanical properties of hardened SCC,

The rest of this paper has been developed to include
three bazic sections: experimental program, results and
discussions, and conclusion. The first one demonstrates
the experimental work that has been conducted in this
study, which includes the materials properties. the mix
proportions, the specimens’  dimensions. and  the
performed tesis, Thereafier, in the resulis and discussion
section, the obained resulls have been presented and
discussed. Finally, some conclusions and
recommendations have been given at the end of this
article.

I1.

The experimental work has been carried out in the
laboratory of construction materials. department of eivil
engineering, college of engineering at the University of
Babylon. The experimental program  involves  three
subsections: materials used in this study, produced mixes

Experimental Program
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and specimens, and the workability and the mechanical
tests applied herein,

i Materials

Ordinary Portland cement (commercial mark is Kufa)
conforming to Iragi Standard Specification No. 5 [30]
has been used in this research. In erder to produce SCC,
micro silica fume conforming to ASTM C 1240 [31] has
been also used as a partial replacement of cement
content. Table 1 provides the chemical properties of
cement and silica fume adopted in this studv as given by
the manufacturer. Regarding the agpregate used herein. a
natural clean and free from impurities river sand with
fineness madulus of 2.6 and specific gravity of 2.55 has
been used as o fine aggregate and the coarse aggregate
has been a rounded gravel with a maximum size of 12,5
mm and specific gravity of 2.6. Two types of chemical
admixtures have been used in this work. In order to
obtain the required workability of fresh concrete, the first
admixture has been a  superplasticizer SP agent
commercially known as Visco-Creat5930-L. The second
admixture has been a polyvinyl alcohol PVA, which is a
type of water-soluble polymer as used for self-curing.

2 Mives and Test Specimens

The SCC mixes have been designed according to the
Evropean guidelines for self~compacting concerete [32].

In order to study the effect of silica fume on the
properties of SCC, four mixes have been prepared. The
variable in these mixes has been the percentage of
replacement of cement by silica fume while the other mix
compounds have remained fixed az given in Table L. The
first mix has been without silica fume i.c. the control mix
while for the other three concrete mixes the percentage of
replacement of cement by silica fume has been 5%, 1084,
and 15% respectively. As shown in Table 11, the
superplasticizer SP percentage has been 1.3% by weight
of cement. In fact, this percentage has been selected after
several trials m order to achieve the desired workability.

After the preparation of each mix. three types of
specimens  have been  casted: cubes of dimensions
150150150 mm for the compressive strength test,
evlinders having the dimensions of 100200 mm for the
splitting test, and prisms  with the dimensions  of
100= 100400 mm for the flexural test. In order to
investigate the effect of curing methods, three curing
techniques have been applied in this study.

TABLEI
CHEMICAL COnPOSITION OF CEMENT AND SILICA FUME
i %o By weight
del Cement Silica finme
S10- 2034 91 .45
Adylly 550 .03
Fenth 1.6 2%
Culd 61.37 L35
Mgl A7 I
50 253 (.29
Ll 317 315
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TABLE I
MK PROPORTION OF SELF-CTA0r ACTING UNNCRETE
Mix type g;;;;:t -“*";ﬁ;_nf;"“ WoB L:";';;*_._ i;-:;_._' SP %
nGSE S0 il [T Taik Ha 1.3
FtnsSE 475 Z5 36 TRk K3l 1.3
1 (:5F 450 11 .36 TR R =k
1 5%%5F ! 425 75 i .50 i TR i R0 1.3

These are:

s  Water curing, in which the samples have been cured
in a water tank at 20° C for the whole period before
application of the mechanical test;

o Sealed curing, in which the samples have been
covered by aluminum papers m order to prevent
water evaporation and have heen stored i the
laboratory matil the mechanical test;

s  Selfccuring: in this technique, the PVA has been
added to the mixing water with a percentage of 11.73%
by weight of cement in order to increase the water
retention ability of concrete and reducing the amount
of the evaporated water,

L3 Performed Tests

The testing program has been performed into two
stages. The first one has involved the testing of fresh
concrete while the second one has included the
mechanical tests of hardened concrete, Regarding the
testing of fresh conerete, three tests (slunp flow and TS0,
V-funnel, and L-box) have been performed for each mix
in order to investigate the fresh concrete characteristics
of SCC 1. fillmg ability, passing ability, and resistance
to segregation. The filling ability of SCC mixture has
been assessed wsing slump fow and V-funnel tests
following the testing procedures described in EN 12350-
& [33] and EN 12350-9 [34] respectively, L=box test that
evialuates the passing ability of SCC has been performed
in according with EN 12350-10 [35]. However, the
resistance to segregation of SCC mixes has been
examined visually during the slomp flow test in
accordance with ACT 237R-7 [2]. Regarding the testing
of hardened concrete. three mechanical lests have been
carried out. The compressive strength test has been
applied on the cube samples in accordance to BS.18E[:
Part 116 [36], Figure 1. The evlinder samples have been
tested following the procedure detailed in ASTM C 496
[37] in order to calculate the splitting tensile strength of
SCC, The third mechanical test has been the flexuoral
strength test that has been devoied to find the flexural
tensile strength of the hardencd SCC. This test has been
performed on the prism samples following the test
method explained in ASTM C78 [38], Figure 2.

III. Results and Discussion

This section cutlines and discusses the results obtained
from the tests carnied out on both fresh and hardened
SCC, For clarity, it is subdivided into two subsections
according to the measured properties of SCC.
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Fig. 2. Flexural tensile strength test

HI L. Properties af Fresh SCC

The results of resting fresh SCC properties are given
in Table 11 Regarding the slump flow test, two types of
measurements have been recorded: D, which is the mean
valoe of two perpendicular diameters of the final spread
conerete circle and T30, which is the elapsed time for
flowing concrete to reach a spread cocle of 50 cm
diameter. From these results, it can be seen that the
average digmeter £ decreases while the time T30
increases as the silica fume percentage changes from (¥
to 15%. In order to interpret these results, it is necessary
to keep in mind that D measures the flow distance that
concrete can travel horizontally and frealy, e without
any obstacles, due to its own weight in order 1o fill &
formwork and 750 represents the flow rate that is related
1o the viscosily of SCC misture [2]. Conseguently,
smaller £ and higher 750 values highlight that the fresh
concrete has less filling capacity and higher viscosity as
the silica fume increases. Nevertheless, these results are
still within the wypical range for the acceptance of SCC as
specified by EFNARC [1] Le (630 mm < D =< 80 mm)
and {2 5 = T30 < 5 g). Furthermore, from the visual
ingpection of the concrete spread throughout the slump
flow test, there have been no signs of segregation and as
a result the SCC property of resistance to segregation has
been vahd for all the mixes considered m this study.
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TABLE I
REAULTS OF ASSEssIMG THE PROPERTIES OF FRESH SCC

Shamp flow

Mix tvpe D (mi} TSt (51 V-funnel T (s} L-box HaH,
n8F TEN 3 T .96
558K 730 1.5 3 093
10%55F 710 4.1 9.5 (.85
| 5%:5F AR 4.4 107 155

Table 111 also provides the V-funnel flow time T
recorded from the V-funnel test that is used to evaluate
the filling ability and wiscosity of SCC [34]. The
mterpretation of these T wvalugs confirms the above
observation about the increase in viscosity and the
decrease in filling ability as the silica fume percentage
increases,

Even so, these values remain within the range (6 s =T
= 12 s) that is accepted for the typical mixes of SCC
according to EFNARC [1]. In order to assess the ability
of SCC 1o flow and pass through reinforcements without
any problem of segregation or blocking [4] the L-box test
has been carried out.

The measured values from this test have been the
blocking ratio (H:/H). The H:/Hy values given in Table
[T decrease as the silica fume increases but rerain
within the recommended range stated by EFNARC [1]
e (08 = A = L0 In order to understand these
resulis, it is necessary to know that il the flow of SCC
oeeurs freely like water then the walue of S0, will
equal 1.0 [2]. Therefore, H:/H value closer to 1.0
indicates higher passing ability. Henee, the results of this
tesl can tell that the presence of silica fume reduces the
ahility to pass of SCC. In summary, the tests performed
on the fresh SCC in ovder to assess its characteristics
show a reduction in these properties as the silica furne
percentage raises, Howewver, for all the mixes considered
in this work, the S5CC characteristics satisfy  the
acceplance criteria recommended by EFNARC.

I 2 Properties of Hardened 3CC

Three mechanical tests have been carried out on
samples in order to assess three properties of hardened
concrete: these are compressive strength, splitting tensile
strength and flexural tensile strength. These mechanical
properties have been measured for specimens having
different coring methods (water curing, sealed curing,
and self-curing) and for two curing periods 28 and 60
days.

21
Table IV provides the results of compressive strength
tor all the mixes and for the three curing technigues and
the two curing dwations, while Figures 3 and 4 illustrate
graphically these results for 28 and 60 days curing
periods respectively, These resulis clearly show an
increase in compressive strength as the silica fume
percentage increases and the maximuom values obtained
at the percentage of 10", Thereafier the results exhibii a
trend of decreasing compressive strength,

Compressive Strength

Iniernaonal Review of Civif Englncering, Vol 3, N 3
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TABLEIV
CoMPRESSIVE STRENGTH OF SCC 1N MPa) Fog DIFFERENT CURING
METHODS AND FOR Two CURIsG DURATIONS 25 & 60 Davy
Waler curing Sealed curing Self-euring

Mix type 2R davs B0 dave I8 days o0 days 2K days 6 adavs
eSF 430 505n 4548 4768 4736 4900
SESF 3532 &0 3293 F609 3435 LR ]
H%e8F 58835 6452 5709 &lnR 58.3% H5.57
15%BF F5.608 i), 20 53.07 5723 34.00 F9.00

65
Foa
€
= s L
£
E 50
£ oast
E- == ade e waber oumng (24 days)
1,3 40 = @ = sealed curing (28 days)
= sl curing (28 davs)
s
%5 F 5%SF 10%S5F 15%SF
Mix type
Fig. 3. Coinpressivie streneth of SCC (o MPa) for diffeneit curing

methods and for curing duration of 28 daws

65
|
3
-.El 55
g
I
=
-
E. ol = weter curing (60 days)
S a0 | = @ = gealed curing (50 days)
il i |{ ciarimg (60 dys)
0%%5F 5%SF 10%%5F 15%SF
Mixz type
Fig. 4. Compressive strength of SCC (in MPa) for different curing

methodds amd for cunng duration of 60 davs

This finding is true for the three curmg methods and
the two curing periods. In comparison to the mix without
silica fume (control mix), the increase in compressive
stremgth at the age of 28 days for the mix wath 10% silica
fume is about 24.9%, 255%, and 23.2% when using
water curing, sealed curing and self-curing methods
respectively. The positive effect of silica fume on the
compressive slrength is due iz porrolanic activily. In
other words, due to the further production of C-5-H
condensed el as a result of the reaction of silica fmne
having extreme fine particles and higher surface area
with CaiOH)z released from the hydration process ol
Portland cement. Regarding the effect of curing method,
fram Table IV and Figures 3 and 4, it can be noticed that
the highest compressive strength values have been
obltammed fom water cured specimens followed by the
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self-cured specimens then sealed cured specimens at both
ages of 28 and 60 days. The lowering in compressive
strength at age 28 days due to the use of self-curing
instead of water curing has been 1.3%, 1.8%, 2.0%, and
[.9% [ mixes containing micre silica fume as a
replacement percentage of 004, 5%, 10%, and 13%
respectively, This finding is not surprising since, as
stated in the introduction, many rescarchers  have
reported the superiovity of water curing technigue.

However, the interesting issue here is the small
amounts of reduction in compressive strength  when
applving the self-curing if one compares the present
results with that reported by other researchers [20], [27]-
[29]. This finding may be due to use of the self-curing
agent PYA in this study in contrast to the cited works in
which other self-curing agents were utilized. Concerning
the effect of using sealed curing method as compared to
water curing method, the reduction i compressive
strength at age 28 days has been 5.3%, 4.3%, 4.8%, and
4.7% lor mixes containing miere silica fume as a
replacement percentage of 0%, 3%, 10%, and 15%
respectively which are higher than the corresponding
values for the case of self-cwing. A similar trend of
results has been obtained when the curing period has
been extended to 60 days but of course with a gain in
strength due to the continuation of hydration process,
Table IV and Figure 4. The reduction in compressive
strength when applying self=curing as compared 1o water
curing has been 3.2%, 1.8%, 1.5%, and 2.0% for mixes
with micro silica fume as a replacement percentage of
0%, 5%0,10%, and 15% respectively.

Hr2.2  Splicing Tensile Strength

The results of the splitting tensile swrength for all the
mixes and for the three cwing techniques are given in
Table V for both curing durations (Z8 and 60 days) and
plotled on Figures 5 and 6 fin the curing period of 28 and
60 days respectively. These results clearly indicate that
10% silica fume is the optimum replacement percentage
of cement weight m order to obtain the highest values of
splitting tensile strength for each curing techmnigue.

From data in Table ¥V or Figures 5 and 6, it can be
noticed that the water curing techmique is the best one
and 1t leads to maximum splitting tensile strengths at
both ages 28 and 60 days followed by seli“curing then
sealed curing techniques. The use of self-curing instead
of water curing has caused a drooping in splitting tensile
sirength al age 28 davs of 2.0%, 3.6%, 2.3%, and 3.6%
for mixes containing silica fume as a replacement
percentage of 0%, 5%, 10%, and 15% respectively.

TABLE ¥

BPLITTING TENSILE STREMGTH OF SCC (1M MPa) FOR DNFFERENT
CURING METHODS AND FoR TWwo CURDNG DURATHINSG 28 & 60 DAYS

., i Warer curing Sealed curing Self-curing
Mix type 28 days Gl days 28 days 0 dawvs 28 daws Gl days
ST 345 Aol 122 354 358 350
SULSF 388 404 3nt 5.2 374 BRG]
10%48F 4,24 4.56 403 4,20 4,18 4,41
1 5%:5F 392 d.13 .64 3.45 3R 398
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5,00 | ‘
: |
= . il s 1+ “» .
g awp P AR g
& | T
£ 3= | [
2 o |
.E ol oo waber curing (28 days)
= M T = @ = sealed caring (23 days)
o | == self curing {18 days)
150 . -
0%5F SUGSF 10%:5F 15965F
Mix type

Fig, 5. Splitting tengile strength of 5CC (in MPa) for different curing
miethicnds and for curing durstion of 25 days

s
o
= 450
=
]
£ 400 |
2
i is0 ¢
Bl
‘5 sl = wniler curing (60 days)
= 1m0 } = @ = sealed cuzing (60 days)
'DE' —— ge|f curing {60 days)
.50
0%%5F SUSF 10%%5F 15%SF
Mix type

Fig. &. Splitting tensile strength of SCC (in MPa) for diffevent curie
methods and for curing durstion of A days

These amounts of reduction are very small in
comparison with that reported by other researches [20],
[27] in which the reduction has been more than 2094,

Therelme, it seems that the use of PYA as a sell-
curing agent 15 more efficient than the agents used in the
cited previous works {polvethylene glveel - 4000, liguid
parailin wax, and superabsorbent polymer). For the case
of sealed curing, the reduction has been 6.7%, 6.7%,

5.8%, and 7.0% for mixes with silica fume as a
replacement percentage of 0%, 3%, 10%, and 15%
respectively.

HE23 0 Flexural Tensile Strength

The prism specimens have been tested using the two
points load method m order 10 calculate the flexural
strength, Table V1 shows these results for all the mixes
and the three curmng techniques and for both cunng
durations 28 and 60 davs. Moreover, Figures 7 and 8
demonstrate graphically these results fn curing period 28
and 60 davs respectively. It can be seen that these results
reveal an identical trend as Tor compressive strength and
splitting tensile strength in which the best percentage of
cement replacement by silica fume is 10% whatever the
curing regime.
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TABLE V1
Frexumal TENSILE STRENGTH oF SOC {18 MPa) For DIFFERENT
CURING METHODS AND FOR Two CURING DURATHING 28 & 60 DAYS
Waler curing Sealed curing Seli-curing

Miz type 2K days 6Bl dave 28 davs 6l days 28 davs 60 davs
MLSF 592 (.23 558 585 5.74 615
588F 653 PRt .13 1] 6.50 5.72
1075 T34 THS 6.5 T.45 7.22 176
1 5%aiSF LERG T2 .54 T.00 G.Th T30

B.00 -
= .
E 750 F {
]
:ﬁ_‘ M
=
2 680 b
i
3 600 F ! ! |
-] 4 =l waler curing (28 days)
é $.50 b L3 = & —sealed :.m'i:nglf.'.ER days)
=it s 1f curing (28 days)
5.0 \ i | ]
1uSF 2%45F 10%5F 15%%5F
Mix type
Fig. 7. Flexural tenstle strength of SCC {10 MPa) for ditforent cunng
methods and for curing duration of 28 days
B.00
2
E 7.50 F
|
B .00 )
E
=
% 650
£
7 600 F - 1 : 1
E - === dr == waker curing {60 days)
= 550 | = @ = sealed curing (60 days)
—%— self curing (60 days)
s_m " i " i
0%%5F 5%5F 10%:5F 15%68F
Mix type

Fig, 8. Flexural tensile strength of SCC {in MPa) for different cuning
methnds and for cuting duration of 60 days

Furthermore, the water curing is the best one followed
by the selfecuring then the sealed curing methods. At the
age of 28 days, the flexwral strength of SCC intemally
cured using PYA {s lower than that normally water cured
samples by 2.4%, 0.53%, 1.6%, and 2.0% for mixes
containing micro silica fume as a replacement percentage
of 0%, 3%, 10%, and [3% respectively. Similar to the
cases of compressive and splitting tensile strengths, the
obtained reduction in flexural strength has been less than
the one reporied by [20], which highlights the capacity of
PWA as a selfcuring agent. Regarding situation when
applyving the sealed curing method as compared to water
curing, the fexural strength of SCC is reduced by 53.7%,
5.8%, 5.2%, and 5.2% for mixes having micro silica
fume with a percentage of (0%, 3%, 10%, and 13%
respectively.
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IV. Conclusion

In this paper, the effect of three curing regimes (water
curing, sealed curing and self-curing using PVA) on the
strength characteristics of hardened SCC {compressive
strength, splitting tensile strength and flexural tensile
strength) has been studied. In addition, the effect of
containing silica fume as a partial replacement by weight
of cement (0%, 5%, 10%:. and 15%) on the fresh and
hardened properties of SCC has been investigated. Based
on the results of this study, the following findings can be
concluded:
= Increasing the silica fume replacement percentage
from 0% to 15% reduces the filling and passing
abilities and imcreases the wiscosity of fresh 5CC:
however for all the mixes considered m thas work, the
fresh SOCC characteristics satisty the acceptance
criteria recommended by EFNARC:

The tested mechanical properties of hardened SCC
{compressive  strength, splitting  tensile  strength,
flexural tensile strength) mmprove when silica fume
content raises until a replacement percentage of 1094
thereafler, these properties exhibit a decrease in their
values. Therefore, the optimal percentage for silica
fume is 10%;

Based on the strength values obtained from the
mechamical tests, the water curing is the best curing
regime tollowed by the self-curing then the scaled
euring,

Self-ouring using water soluble polyvinyl alechol
PVA shows an interesting result since it provides
stremigth values close to that obtained from using
water curing with a strength reduction less than 3% al
ape 28 davs for the case of 10% silica fume while the
stremgth reduction due to the use of the sealed curing
is ahout 6%%.

Due to many benefits of using 5CC and due to the
significant impact of using  selfecuring on the
consummation of water specially with the recent water
lacking problem in Irag and based on the obtained
results, 1 1% strongly recomunended o use the 8CC and
self-curing for the concrete production in Iraq.
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