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Abstract:

Dams are considered as strategic structures dheitdnitial role in economic system of the coyntherefore, they are expected
to be fully functional and powerful. Nano technatagpuld be an effective factor of abrasion and casgive strength, porosity
and hydraulic conductivity coefficient of the coew®, thus more scientific research is essentibétoarried out on these types of
concrete due to their quite modern and high teagyolin the current study, the effects of water-eetmatio on compressive and
abrasion strength, porosity and hydraclinductivitycoefficient of concrete was investigated. The aoreséd concrete samples
with 4% Nano-silica and water-cement ratios of 08%.55 were tested. Other design features remdired in all concrete
samples. The compressive strength of block sangplE50x150x150 mm were assessed in terms of tistim{a7, 28 and 90 days.
The abrasion strength of the identical block samplere tested after 28 days. The hydraesieductivitycoefficient of cylindrical
shape samples with the diameter 150 mm and hef@@®@mm were experimented after 28 days. The tesifilthe experiments
indicated that by reducing the water-cement rationf0.55 to 0.35, the compressive strength incre83el3, 40.14 and 38.22%
for 7, 28 and 90 days age samples respectivelyhrasion strength of concrete increased 38.22%temldydraulic conductivity
coefficient (m/s) and depth of penetration (mmYtef concrete decreased from 27.76%%@nd 2.756 to 1.5x16° and 0.784
respectively. In addition porosity decreased fréhvé to 11.22%

1. INTRODUCTION porosity, i.e., ratio of voids volume to total vole, greatly
influences concrete properties. Also porosity iasidered

Yigiter et al. (2007) studied the effect of cemeype, as durability index (Benavente et al., 2004) oflding
cement content and water-cement ratio on concrete  material. In RCC, deteriorating agents i.e. chleridns,
resistance against sea water. The results shovetdsity carbon dioxide penetrate to corrode steel throbghpbres
(blast furnace) cement mixtures have better mechni (Ishida et al., 2007). So the lower its permeaithie greater
characteristics and considerable higher resistagzenst is its potential for durability. The empty spacergsity) is
chloride penetration of sea water in comparisonh wit influenced mainly by the water to cement ratio (Wamd
Portland cement mixtures. Concrete durability isectly Buenfeld, 2009). The physically bonded water existthe
related to permeability along with cement content,  spaces between hydrated cement crystals. Here, the
compaction and curing. Permeability is a functibpaores permeability of the paste is important because ghste
inside. It is affected by the percentage of poypsiize envelopes all constituents in the concrete. Thenmai
distribution and the continuity of pores (Ahmadlet 2005). influential factor behind the formation of porestie water-
Concrete strength, durability, and volume stabitgreatly content in the mixture. Therefore, paste permegbile.
influenced by voids in the hydrated cement pasterdfore, continuity of pores, is directly related to watement ratio
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and the degree of cement hydration or length ofstnoi
curing. Longer curing times and lower water-cenratibs
resulted in lower porosity values (Bentz and Stazm
2006). Kim et al. (2014) studied how water-cemeattor
affects the durability as well as porosity of tieenent mortar
with constant cement amount. This investigation Hael
conclusion that the increase of w/c ratio from Od®.60
results in the increase of water loss, porositylpride
diffusion coefficient, air permeability, moisturergtivity,

and moisture diffusion coefficient etc. Consideeabl
developments in concrete technology have been taleee

in last quarter of the century. Compared to thet,pias
achieve sufficiently high strength levels at eadyes, Blaine
fineness and tricalcium silicate (3CaO-9i@ontents of
cements were increased. Thus, same strength lawvelised
with less cement or with higher water-cement (W/&tjo
results in an increase in the permeability of ceter So,
nowadays, many concrete structures built after 49F8@ve
been suffering because of durability problems (8hagrand
Shaia, 2003). In the aggressive exposures, there@nc
quality should be specified in terms of durabilityaddition

to workability and strength (Al-Amoudi et al., 2003
Prediction of service life and durability can obly made by
characterization of both the material propertiesl &ne
environment. Pollutants may be contributed by eitthe

mix constituents or they may penetrate the hardened
concrete from external environment. It is well knothat
pozzolanic materials improve the sulfate and sesemwa
resistance of concrete (Baradan and Yazici, 2q@2gnnag
and Shaia, 2003), (Lorenzo et al., 2003). Cona@t@ins

the choice of engineers in construction materiafisg to its
remarkable features like mold-ability to variousagés,
easily available ingredients, high strength and tmst in
spite of its environmental concern. Approximatediilion
metric ton of concrete is being produced every yblhta
and Meryman, 2009). The production of cement forccete

is contributing nearly 8% of global carbon dioxiglission
(Olivier et al., 2012) and thus, a matter of concéor
environmentalist. It is a composite material witiderange

of length scales from millimeter to nanometer. Ulgua
concrete is taken as one material by considerimditlk
strength and other engineering properties, butietonand
nanoscale, it is having different type of composis with
complex characteristics.
relationship between the microstructure and budipprties
and researchers are making efforts to establisls thi
relationship in concrete. The contemporary buildsegtor

is working for the development of advanced and new
cementitious materials. Performance enhancement
cementitious system consists of judicious utiliaatiof
materials, developing more durable and sustair@ailerete
to reduce the maintenance and life cycle cost @ui 2).

Considering the effect of water-cement ratio onrfou
mechanical characteristics of concrete (including
compressive strength, abrasion resistance, hydrauli
conductivity coefficient and porosity) and studyirige
behavior of concrete in a wide range have been the
objectives of this research.

There has been always a

of

2. EXPERIMENTS CONDUCTED ON CONCRETE
SAMPLES

2.1. Mixtureprepared for Nano-silica concrete

In preparation of samples of Nano-silica concreiteume,

the following components were considered:

The slump test range of specimens was 50 to 100 mm
according to ASTM C 143-78 standard.

The aggregates (gravel and sand) were ballast kind.
The maximum diameter of aggregates was 12 mm.
The consuming cement was in regular Portland kind
Type 1.

The optimized Nano-silica content and 4% of cengent’
weight was replaced.

The characteristic design strength has considebed 4
MPa.

The water-cement ratio varied and the ratio rarayetl
tested between 0.35 until 0.55.

GELENIUM was used as superplasticizer.

The results of chemical analysis of Nano-silica Bodland
cement type 1 and the chemical and physical areatgvn
Table 1. Figure 1 shows used Nano-silica in thestraotion
of test samples.

Table 1. Chemical compositions of the used cemeat a

Nano-silica
Cement Nano-silica Chemical
content content component
(%) (%)
20 94.06 SiIOz
6 0.13 AL 203
3 0.037 FeOs
65 0.1 CaO
2 0.09 MgO
1 1.13 NaO
1 0.02 K20
2 0.026 SOs

Figure 1. Nano-silica used for reinforcing concrete

The grading of aggregates (gravel and sand) andureix
design of Nano-silica concrete were according td MSC
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136 and ACI 211 standards respectively. The laterwas
done withweighting method and the results are shown in

Table 2.
Table 2. Concrete mixture design proportions (Kg/m
Nano- Su_p(_er
w/C Gravel Sand Cemen o Water |plasticizer|
silica (%)
0.3 87( 79C 48( 20 17t 8
0.40 870 790 480 20 200 8
0.45 870 790 480 20 225 8
0.5(C 87( 79C 48( 20 25( 8
0.55 870 790 480 20 275 8

2.2. Test methods

The following tests have been done on concreteimees

in this research:

- The compressive strength of cubic samples of
150%150x150 mm after permanence of 7, 28 and 96 day
were determined according to BS 1881 part 116 stahd
Figure 2 illustrates the apparatus of compressikength
measuring for concrete samples.

Figure 2. The compressive strength apparatus magsur

- The abrasion strength of cubic samples of 150x150
mm after 28 days in water sand blast way were ddfin
according to ASTM C 418 standard. The following &tipn
was used for abrasion depth calculation:

h, =V /A (1)

where: lais the abrasion depth, V is the volume of haled
A is the area of trituratesurface.

Figure 3 is the schematic of the apparatus of abras
strength measuring in concrete samples.

Figure 3. The apparatus of abrasion strength miegsur

- The penetration method was used to determine the
hydraulic conductivity coefficient of cylindrical hape
samples with the diameter 150 mm and height of 130
after 28 days according to ISO 1920-5 standard. The
following equations were used to calculate the aytic
conductivity coefficient and porosity of specimens:

K,=hd /2Th (2)

where: kis the permeability coefficient of concrete, m/s; h
is water permeability depth, m; T: water permespiiime,
sec; h: height arising from pressure, m; V: corepeirosity
and in the formula for porosity is given as follows

V ={(w/c) x(100-36.15<q )/ (w 100/ g)
(©))

where: w/c is water-cement ratia; is cement hydration

degree; w is gravity water of concrete, K§/mnd g is

cement specific weight, gr/én

Figure 4 shows the apparatus of penetration ddptater

and hydraulic conductivity coefficient measuringr fo
concrete samples.

Figure 4. The apparatus of penetration depth oémat
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3.EXPERIMENTAL INVESTIGATION AND
RESULTS

3.1. Compressive strength experiments

After carrying out the compressive strength expenin
some outcomes were extracted and demonstratedbiesTa
3-8:

Table 3 Compressive strength experiment for samples with
water-cement ratio of 0.35

Compressive Age, days wi/C
strength (MPa)
47.21 7
63.35 28 0.35
67.14 90

Table 4 Compressive strength experiment for samples with
water-cement ratio of 0.40

Compressive Age, days wi/C
strength (MPa)
45.21 7
59.1¢ 28 0.40
64.30 90

Table 5. Compressive strength experiment for sasnpith
water-cement ratio of 0.45

Compressive Age, days wi/C
strength (MPa)
42.41 7
55.32 28 0.45
60.25 90

Table 6. Compressive strength experiment for sasnpith
water-cement ratio of 0.50

Compressive Age, days wi/C
strength (MPe
40.36 7
52.23 28 0.50
56.4: 9C

Table 7. Compressive strength experiment for sasnpith
water-cement ratio of 0.55

Compressive strength Age, days wiC
(MPa)
36.4¢ 7
47.12 28 0.55
51.3¢ 90

Table 8. Increase compressive strength after age28
and 90 days for various W/C

Increase of Increase of Increase of
compressive | compressive| compressive| W/C
strength after| strength after| strength after

90 days, % 28 days, % 7 days, %

38.22 40.14 37.13 0.34
30.15 33.18 30.11 0.44
21.75 23.72 21.42 0.45
14.62 15.3¢ 15.3% 0.5C

The highest compressive strength after 7, 28 arth99 was
like the samples with water-cement ratio of 0.36e Teast

or minimum compressive strength after 7, 28 andi&gs
was as the same of the strength of samples witlerwat
cement ratio of 0.55. By increasing the water-cematio,
the compressive strength of concrete samples demiea
daily. Regarding to the particular level of Nantesi (140
m?/g) and the necessity for ample water to obtairdésired
fluidity, 4% is the most suitable amount, so thés amount
of Nano-silica is optimum and its higher quantitgvl
negative effects to fluidity and performance of cate.

Figure 5 explains the variation of compressiversitie in
aspect of water-cement ratio for samples afteragef 7,
28 and 90 days.

80
—8—7 days

—8— 28 days
= 90 days

Compressive strength
(MP3a)
=
=
®
/
/
/
/
/

03 035 04 045 05 0.55 06
W/C

Figure 5. The variation curve of compressive stiieng
specimens at 7, 28 and 90 days with respect torwate
cement ratio

Figure 6 reveals the compressive strength increasdeie
the reduction of water-cement ratio in Nano-silbcacrete
caused the compressive strength increase. By ieduct
water-cement ratio from 0.55 to 0.35 after 7 days,
compressive strength of concrete increased to 34.2%o0,

by reduction of water-cement ratio from 0.55 tdB0a®er 28
days, compressive strength of concrete increaséd.1a1%.

By reduction of water-cement ratio from 0.55 to®d8ter

90 days, compressive strength of concrete increased
38.22%.

40

20 m 7 days

A

wic

m 28 days

improvement

90 days

Percent of compressive strength

Figure 6. The chart of compressive strength impmoamg
of specimens with respect to water-cement ratiiy 88
and 90 days
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3.2. Abrasion strength experiments

The abrasion strength experiments were conductesl; t
following results are summarized in Table 9 asestas
follows:

Table 9. Abrasion depth according to water-cemati r
wiC 0.3t | 0.4C | 0.4¢ 0.5C 0.5t
Abrasion
depth, 6.21 | 752 | 9.52 | 10.21 | 11.05
(mm)

The abrasive strength Improvement for variable wate
cement ratio are shown in Table 10.

Table 10. Rate of abrasion strength improvemerit wit
variable water-cement ratio

Percent of abrasion wiC
strength improvement
39.51 0.35
27.12 0.40
13.4] 0.4&
5.62 0.50

Its water-cement ratio decreased from 0.55 to Qi85
abrasion strength of concrete increased to 39.5h¥water
sand blast way is the suitable method for evalgathe
abrasion strength of concrete against water, becthis
method can simulate the real abrasion added inretic

16
14
12

10

Depth of abration (mm)
®

03 035 04 045 0.5 0.55 06
w/C

Figure 7. The fluctuation curve of abrasion depitnw
respect to water-cement ratio

1.4

1.3

12

14

09
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Depth of abration inverse

0.7

0.6

Figure 8. The variation curve of abrasion resistanith

Depth of abration inverse
o o o = = — —
3 ® o N Y ) IS

o
o

Figure 9. The variation curve of abrasion resistanith

Percent of abration improvement
N
wv

45

035 04 045 0.5 0.55
W/C

respect to water-cement ratio

50 55 60
Compressive strength 28 days (MPa)

respect to compressive strength

035 04 0.45 05

WiC

65

Figure 10. The chart of abrasion depth improvemettt

respect to water-cement ratio
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Figure 7 indicates the depth of abrasion accortbngater-
cement ratio. These figures show the barometebefsion
depth against water-cement ratio. Regarding to ethes
barometers and because of enhance of the watemteme
ratio, the depth of abrasion increased. By increpshe
water-cement ratio from 0.35 to 0.55, the grad@rdepth

of abrasion curve will decrease gradually. Thisbpem
could be associated to two-phased nature of candret
abrasion. The more water-cement ratio increasesefls the
abrasion strength of mortar phase will be but theasion
strength of concrete tends to be the same as tlasiab
strength of aggregates. The concave of curve ighen
bottom position and the curve within the water-cetmatio

of 0.35 to 0.55 maximize. It seems that the maxincumve

in accordance to water-cement ratio will be witBiB5.

Since the abrasion strength of concrete is coruiadly

related to depth of abrasion, the mentioned shegeshow
the changes of abrasion strength curve. Regardiniese
shapes, by increasing the water-cement ratio, ithasen
strength decreases (Fig. 8); by increasing the cessjve
strength of concrete, the abrasion strength ineeas well

(Fig. 9).

Figure 10 reveals the percentage of abrasion ghreng
improvement in relation to concrete with water-camef
0.55.

3.3. Hydraulic conductivity coefficient and porosity
experiments

Developments and data for penetration depth foialbbe
water-cement ratio are shown in Table 11.

Table 11. Rate for penetration depth with variatéger-
cement ratio

Penetration depth, (mm) W/C
0.784 0.35
0.943 0.40
1.391] 0.4t
1.873 0.50
2.756 0.55

Table 12 indicates values of the hydraulic conditgti
coefficient and porosity with regard to water-cetatio.

Table 12. Hydraulic conductivity coefficient andrpsity
against water-cement ratio

Porosity, (%) Hydraulic conductivity,| WI/C
(m/s)

11.22 1.5x10% 0.35

12.15 3.22x10'° 0.40

12.37 8.11x10' 0.45

12.5¢ 12.46x1C1¢ 0.5C

12.76 27.76x10° 0.55

Figure 11 shows the water permeability depth adogrtb
various amounts of water-cement ratios.

Depth of penetration (mm)
=) = o w IS
L T I

o

03 035 04 045 05 055 06
w/C

Figure 11. The fluctuation curve of penetrationttiepith
respect to water-cement ratio

5.00E-14
4.50E-14
4.00E-14
3.50E-14
3.00E-14
2.50E-14
2.00E-14

(an/s)

1.50E-14
1.00E-14
5.00E-15

0.00E+00
03 035 04 0.45 0.5 0.55 06

WwiC

Hydraulic conductivity coefTicient

Figure 12. The variation curve of hydraulic conditt
coefficient with respect to water-cement ratio

Figure 12 reveals the amounts of the hydraulic ootidty

coefficient of the concrete based on different anmt®wof
water-cement ratios. Figure 13 indicates the cehanges
for concrete porosity based on different amountwater-
cement ratios.

128
126
124
122

12

Percent of porosity

11.8

116
035 0.4 0.45 05 0.55
w/C

Figure 13. The fluctuation curve of concrete pdsogiith
respect to water-cement ratio
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4. CONCLUSIONS

Considering the previous investigations and this tekthis
research, the following results are obtained:

€ The highest compressive strength after 7, 28 and 90
days was like the samples with water-cement ratio o
0.35 and the least or minimum compressive strength
after 7, 28 and 90 days was as the same of theggitre
of samples with water-cement ratio of 0.55.

€ By increasing water-cemnt ratio, the depth of abras
increases and the abrasion resistance of the dencre
decreases.

€ Increasing the water-cement ratio from 0.35 to 0t5&
gradient of depth of abrasion curve will reducendjo
This problem is associated with two-phased natfire o
concrete in abrasion so that the more water-ceratiot
increases, the less the abrasion strength of nutese
will be but the abrasion strength of concrete tendse
the same as the abrasion strength of aggregates.

€ To increase the abrasion strength of concretes it i
necessary to enhance the mortar phase and the
aggregate phase with each other. Mortar phase can
increase by education of water-cement ratio, using
Nano-silica, and suitable curing; Moreover, aggtega
phase can improve by abrasion-resistant aggregates
such as granite aggregates.

€ By increasing the compressive strength of conctiege,
abrasion strength increases, as well.

¢ By increasing water-cement ratio, the hydraulic
conductivity coefficient and porosity of concrete
increases.
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