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ABSTRACT

The formation of Ettringite after the hardening of cement minerals is accompanied by extra gypsum,
which may lower the intrinsic strength of calcium silicate hydrate due to the presence of sulfate ions in its
structure. The important factors influencing the resistance of concrete against internal sulfate attack are
the chemical reactions between sulfate ions contained in the mixing water or extra gypsum and the
minerals of cement during its hydration and the concentration of the reactant concerned in the pore
solution. The main purpose of this research is to study experimentally the possibility of producing
effective and economic admixtures from sugar industry wastes (Vinasse) and mix it with sodium
naphthalene formaldehyde to produce (VSW 2016) additive. Then study of its effect on the compressive,
tensile strengths and durability parameters represented in permeability, chemical attack and different
cycles of durability are illustrated. Test investigations, show that, a limited dose of the (VSW 2016) in the
mixing water of concrete mixture regulates its micro structures formation and improves the durability
parameters in aggressive environment compared to the control specimens.

1. Introduction

Most of R.C constructions, especially underground, are always subjected to an aggressive
environmental condition during their exploitation. These conditions are represented by
chemical attack from surrounding soil and underground water. According to that, the actual
compressive strength of R.C elements decreases accompanied with large deformations of
concrete. Consequently, a higher reduction of the construction durability occurs.

Micro porous structure formation of the hardened cement stone in different stages of its
hydration represent the major factor, which reduces or may prevents the deterioration of
the hardened concrete in sulfate environment. Mostafa A. EI-Razek et al [1] studied the
mechanism effect and performance of a local and economical additive on the compressive
strength and durability of concrete. They concluded that, compressive strength at age of
128 days (C128) of concrete specimens modified with wastes of petroleum refinery
industries, coke industries and silica fume (BM 2010) hardening in fresh water, increased
by about 9% compared to the control specimens without admixtures. Cypg Of concrete
specimens modified with (BM 2010) hardening in (3 % NaCl + 6 % Na,So,) increased by
about 15 % if compared to the control specimens without admixtures.
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Hegerovitch [2, 3] studied effect of wastes of cellulose paper industries on the
sedimentation velocity of cement solution , the suggested admixtures has the ability of
decreasing the sedimentation of cement solution by about two times compared with the
solution without admixture . Also, the hydrophobizing elements has not effect on the
solubility with water, but by using dissolving materials such as (CaO) plasticizers which
dissolve with water and consist a homogenous solution.

Rashwan M.M et al [4, 5] studied the compressive strength and durability of cement
concrete containing alkali wastes of oil and cellulose paper industries and exposed to
aggressive environmental conditions, they concluded that, optimum dose of each
admixture, at which occurs maximum values of compressive strength and minimum values
of water absorption was determined and equals 0.25% from weight of cement. After 50
cycles of durability tests, control specimens without admixture and with the control
plasticizing admixture (DM2) showed a large decrease of the compressive strength.

Yu-M.Doroshanka et al [6] studied the effect of complex chemical additives on the
durability of hydraulic-engineering concrete; they concluded the following results,
complex chemical additives of calcium chloride and ammonium nitrate, effectively
influencing the rate of hardening density and impermeability. Furthermore, NH4No3 does
not corrode reinforcement. The strength of concrete with the additive exceeds the standard
by 5-8 %. Shrinkage of the concrete during natural hardening increased by only 6 % .

Ibranim A.M et al [7] studied the shrinkage of concrete using local pozzolanic
material. They concluded that, the dry shrinkage was decreased by using pozzolanic,
however, the maximum decreasing was attained from using 10% approximately in all sites.

Abdias M. Gomes et al [8] studied concrete durability depends largely on the ease ( or
difficulty) with which fluids (water, carbon dioxide, oxygen) in the form of liquid or gas
can migrate through the hardened concrete mass. Concrete is a porous material. Therefore,
moisture movement can occur by flow, diffusion, or absorption. Generally the overall
potential for moisture and ion ingress in concrete by these three modes is referred to as it
permeability. The evaluation of the permeability of a concrete from a ” in situ ” test using
the Germanns water permeability test ( GWT) equipment showed to be trustable and
possible of being used in laboratory .

Magdy A. Abd El-Aziz [9, 10] studied durability of pozzolanic filed cements in
Caron’s lake water and he concluded that, limestone increases the water consistency and
apparent porosity. The initial and final setting times decrease with limestone content.
Aggressive water, total sulfate and total chloride contents increase with the amount of
limestone in the cement and decrease with fly ash.

Yousry B.S et al [11] studied durability of high strength and high performance
concrete. They concluded that, low concentration of sodium sulfate such as 2700 mg/l has
not any significant effect on the high strength and high performance concrete properties at
300 days exposure, 10 % replacement of cement by silica fume improved sulfate attack
resistance of high strength and high performance concrete even at high concentrations.
Truyen T.T. et al [12] studied gas and water permeability of concrete under loading and
temperature effects. The obtained experimental relationships between the permeability
coefficient (K) and the applied stress level as well as the damage level at different
temperatures and different water pressures will be the basis for numerical simulations of
water and gas permeability of concrete in construction structures. They concluded that, the
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permeability becomes higher and depends on stress level of concrete during loading
process. Finally, macro cracks are generated and increase the porosity of concrete matrix.

Moaze M. [13] mentioned that, chemical attack by aggressive water is one of the
factors responsible for damage of concrete. The presence of sulfate and chloride ions in
waters accounts for its aggressive behavior to concrete because certain constituents of the
cement paste can inter into deleterious chemical reactions with sulfate. Sea water, ground
water from soils containing soluble alkali sulfates and also many industrial waters contain
enough sulfate are to be potentially damaging Portland cement concrete.

F. Dufour et al [14] mentioned that, the permeability evolution is initially limited since
only micro-cracking occurs without clear connection. In a second stage, a large increase is
observed during the formation of the micro crack which opens a preferential path for the
gas flow and connects the two specimen faces. In the final stage, the permeability increases
up to three orders of magnitude is only due to the opening of micro-crack.

Delta and S ehdev [15] mentioned that, procedure of exposed concrete specimens to
rapidly repeated cycles of freezing and thawing does not provide any quantitative measure
of the service life that can be expected of a particular mix design, but can be used to
compare performance of different designs. Durability factor and loss in mass were
determined. The normal strength concrete is more economical than the high strength
concrete, but develops its design properties more slowly.

Igagy Ip et al [16] said that sulfuric acid reacts with the concrete, decreasing the
structural strength, durability and increasing the permeability. Sulfur attacks are a major
issue in parts of Ontario which contain a high content of sulfur in water. To prevent
premature failure of concrete structures in septic systems, it is important for regulators and
concrete tank manufacturers to take responsibility and be aware of locations with sulfur-
rich waters or contain sulfate-rich soils. Alternatives to concrete can be used as well, such
as polyethylene tanks that are chemically resistant to sulfur attacks.

Ezz Elregal et al [17] concluded that, compressive strength, flexural strength and
splitting strength were enhanced due to the effect of admixtures in increasing the
interaction of cement which densities concrete mixtures. This increase in strength and
density led to enhance permeability.

2. Experimental work

1- The comprehensive experimental technique was performed on standard
concrete samples (cubes — prisms — cylinders) to which either (VSW 2016) or
(Addcrete BVS) additions are added for comparison purpose. Four concrete
mixes were made, where three mixes have an addition doses (1.5, 2.0, 2.5%)
from cement weight and the fourth mix has no additions (control mix) and each
mix contains 18 cubes, 12 prisms and 12 cylinders, considering keeping of
workability for all mixes so as to study the influence on compressive, splitting
and flexural strengths for concrete samples at 3 and 6 months (starting at 28days).

2- The durability features were measured in the hardened stage for all
concrete mixes represented in:

- The permeability test (at age of 28 days) to determine the permeability coefficient
or Darcy coefficient. Four Specimens were tested with cement content 350 kg/m? at
doses (1.5, 2.5, and 2.5 %) and the fourth mix has no addition (control mix) through
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adding (VSW 2016) and (Adderete BVS) additions. Then, put the samples in the
permeability cells in the testing system were water flow is controlled to pass
through one of the two horizontal and parallel surfaces to the other surface. Then,
the influence of 30 bar pressure continues at least 24 hours, followed by water
collection where the following equation is used to calculate the coefficient of
permeability (K): K =(CC*h)/ (A*t*p)

Where: (CC) is quantity of water in cm®, (h) is the sample height in cm, (A) sample
surface area in cm?, (t) test time in (seconds), (p) hydrostatic pressure (cm/sec).

- Resistance to deterioration caused by sulfur salts at 10 % concentration which
starts at 28 days and lasts for (6) months and includes:
e The loss in compressive strength resulting of adding (VSW 2016) addition or
(Addcrete BVS) addition
o The surface peeling and changing in weight.

The loss in strength, following up the change in weight and peeling of the surface were
evaluated through testing six concrete cubes from each mix. After curing in water for 28 days, half
the samples were immersed in 10% sulfur sodium solution for six months where remaining samples
were kept in the water curing basin. The sulfur solution was changed every month to keep PH less
than 9.75 according to specification requirements. The weight is recorded periodically and monitor
the cubes surface to notice any peeling or cracks which may occurs on cubes surface.

- The expansion: This property was studied through testing the samples expansibility
which is exposed to sulfur solution where testing was performed on (3) concrete
prisms from each mix. Sample lengths were measured using comparison equipment
where the samples were immersed in 5% sulfur sodium keeping, (HP) between (6-8)
and performance efficiency standard doesn't exceed (0.1%) after exposed to sulfur
solution for 180 days for mixes in ordinary media of sulfur and expansion doesn’t
exceed (0.5%) in very aggressive media. Double required sulfur concentration i.e.
(109%) was used to accelerate the occurrence of any volume changes.

- Cycles of durability: When concrete samples were exposed to cycles of durability
with time (at 28 days) for four cycles this was achieved after extracting the samples
from curing water and left to dry in the air for one day, then kept in oven exposited
to (+ 150 o) for one day, then left in the air for one day and finally immersed in
water for one day. This process are repeated (4) times once every week and the
compressive test is performed at age of (56) days.

- Studying the influence of temperature: on the samples when exposed to
temperatures (60, 80,100 oc).

3- Chemical characteristics: After crushing specimens of cubes which expose to
(10 %NO2S04) at 6 months age, the different chemical tests will made as:

4- Diffraction, X-ray test [XRD]: On some mixtures to study the mineral
composition and make sure that Ethringite which already formed.

5- Determine chloride and sulfate content.
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3. Test results and discussion
3. 1. Results of compressive strength test at (28 days), 3 and 6 months

Table 1 shows results of compressive strength test at (28, 90,180) days using (VSW
2016) addition. Table 2 shows results of compressive strength test at (28, 90,180) days
using (Addcrete BVS) addition in mix with cement content 350 kg/m®. Figures (1, 2) show
the relationship between (VSW 2016) addition and the change in compressive strength at
3&6 months. Figures (3, 4) show the comparison between (Addcrete BVS) addition, (VSW
2016) and the change in compressive strength at 3&6 months in mixtures with 350 kg/m®
cement content. From results, it's clear that, the increase in mixes with (VSW 2016)
addition compared with control mixes for cement content of 300,350,400 kg/m3
respectively reaching 4 % and at age 90 days and reacting average 6 % at age 180 days.
But by using (Addcrete BVS) addition reacting 6% at both ages of 3 and 6 months.

The little difference between results of compressive strength test at (28 days), 3 and 6
months for cement content of 300,350,400 kg/m? respectively resulting of increase drying
shrinkage with time ( 3and months) and cement content, this lead to occur of internal
cracks causes decreasing in increase average of compressive strength.

Table 1.
Results of compressive strength test at (28, 90,180) days using (VSW 2016)

Cement Compressive strength F. kg/cm?
Type & percentage of
admixture content Fezs Feao Feaopvsw)/Fezsic) Fciso Feasopvswif/Feasic)
(C.C)kg/m? % %

Control mix 257.4 276.0 107.2 297.3 113.69
1.5% ( VSW 2016 ) 300 312.0 336.4 107.821 3376 107.90
2.0% ( VSW 2016 ) 321.3 329.9 102.583 343.8 107.115
2.5% ( VSW 2016 ) 340.7 341.5 101 351.7 103.104

Control mix 317.5 342.7 107.937 367.4 115.717
1.5% ( VSW 2016 ) 350 327.7 354.3 108.117 375.2 114.495
2.0% ( VSW 2016 ) 3437 362.3 105.412 381.6 111.027
2.5% ( VSW 2016 ) 390.8 389.8 101 3932 100.614

Control mix 353.4 381.0 107.223 404.7 114.516
1.5% ( VSW 2016 ) 400 393.0 4236 107.678 426.4 108.499
2.0% ( VSW 2016 ) 414.0 424.4 103.787 430.1 103.889
2.5% ( VSW 2016 ) 416.5 425.7 102.209 432.7 103.89

Table 2.

Results of compressive strength test at (28, 90,180) days using (Addcrete BVS) at
(C.C) 350kg/m®

Compressive strength F. kg/cm?
Type & percentage of

admixture Fe2s Feoo Feootgvsi/Fezsic) % | Feizo Feisotevs)/Feaaic) % | Feisovsw)/Feisa(svs)

Control mix 3175 3427 107.937 367.4 115.717 100
(Addcrete BVS) 1.5% 3221 349.2 108.414 370.1 114.902 101.4
(Addcrete BVS)2.0% 335.2 357.4 106.623 374.3 111.665 102
(Addcrete BVS)2.5% 355.5 371.7 104.557 392.8 110.492 100.1
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Fig. 1. Relationship between (VSW 2016) and change in compressive strength at 3 months.
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Fig. 2. Relationship between (VSW 2016) and change in compressive strength at 6 months.
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Fig. 3. Comparison between (VSW 2016), (Addcrete BVS) and change in compressive strength at 3 months.
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Fig. 4. Comparison between (VSW 2016), (Addcrete BVS) and change in compressive strength at 6 months.

From Figures 3, 4 it is clear that, the results of (Addcrete BVS) and change in
compressive strength at 3 and 6 months are better than the results of (VSW 2016) and
change in compressive strength at 3 and 6 months

3. 2. Results of splitting strength tests at 3 and 6 months

Table 3 shows results of splitting strength test at (28, 90,180) days using (VSW 2016)
addition. Table 4 shows results of splitting strength test at (28, 90,180) days using
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(Addcrete BVS) addition. Figures 5, 6 show the relationship between (VSW 2016),
(Addcrete BVS) additions and the change in splitting strength at 3and 6 months. Figures 7,
8 show the comparison between (VSW 2016), (Addcrete BVS) and change in compressive
strength at 3and 6 months. From results, it is clear that:

1- The optimal dose of (VSW 2016) addition for splitting strength equals 2% from
cement weight. Also for (Addcrete BVS), it took the same direction as the increase
of compressive strength.

2- From Fig .5. It is clear that, increase doses of (VSW 2016) lead to decrease the
change in splitting strength at 3 months up to 2 % dose.

3- From Fig .6. It is clear that, increase doses of (VSW 2016) lead to decrease the
change in splitting strength at 6 months up to 2 % dose.

4- From Fig .7. It is clear that, increase doses of (Addcrete BVS) lead to decrease the
change in splitting strength at 3months up to 1.5 % dose

5- From Fig .8. It is clear that, increase doses of (Addcrete BVS) lead to decrease the
change in splitting strength at 6 months up to 2 % dose

Table 3.
Results of splitting strength test at (28, 90,180) days using (VSW 2016)
Cement ) ) ) Sp.\itting streﬁgth -Fsmkg/::_m.2
Type & percentage
of admisture content | Fspioa Fspioo | Fspiooqvsw)/ Fspizsic) % | Fspigo Fsprigovsw)/ Fspizsic) %
(c.c.)kg/m?

Control mix 24.74 26.3 106.31 28.4 114.79
1.5% ( VSW 2016 ) 300 289 30.1 104.15 31.1 107.61
2.0% ( VSW 2016 ) 29.2 30.4 104.11 31.8 108.90
2.5% ( VSW 2016 ) 29.9 31.0 103.68 32.3 108.03

Control mix 27.04 29.2 107.99 30.7 113.54
1.5% ( VSW 2016 ) 350 289 30.1 104.15 31.1 107.61
2.0% ( VSW 2016 ) 296 30.9 104.39 32.0 108.11
2.5% ( VSW 2016 ) 31.4 32.6 103.82 33.7 107.32

Control mix 276 29.7 107.61 31.5 114.13
1.5% ( VSW 2016 ) 200 29.3 30.5 104.10 31.8 108.53
2.0% ( VSW 2016 ) 311 32.2 103.54 33.2 106.75
2.5% ( VSW 2016 ) 319 32.7 103.06 33.8 106.04

Table 4.
Results of splitting strength test at (28, 90,180) days using (Addcete BVS) at (C.C) 350kg/m®

Splitting strength Fo kg/cm?
Type & percentage of = F = 7 = ;
admixture F;plza FspIQD spIBU{B\"Sﬂ] =pl28(c) Fspllan splLBO(BVS), spl1EOIWSW ),
% Fspi2s(c) Fspiiso(evs)
Control mix 27.04 283 104.66 30.7 110.9 100
1.5% (Addcrete BVS) | 28.60 29.7 104.85 30.8 107.7 101
2.0% (Addcrete BVS) | 29.20 30.2 103.42 31.5 107.9 101.6
2.5% (Addcrete BVS) | 30.10 30.9 102.32 32.3 107.6 102.7
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Fig. 8. Comparison between (VSW 2016), (Addcrete BVS) and change in Fgy at 6 months at (C.C) 350kg/m?.

3.3. Results of flexural strength test at 3 and 6 months

Table 5 shows results of flexural strength test at 28 days and (3, 6) months using (VSW
2016) addition. Table 6 shows results of flexural strength test at 28 days and (3, 6) months
using (Addcrete BVS) addition. Figures 9, 10 show the relationship between (VSW 2016),
(Addcrete BVS) additions and the change in flexural strength at (3, 6) months. Figures 11,
12 show the comparison between (VSW 2016), (Addcrete BVS) additions and the change
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in flexural strength at 3 and 6 months. From results, it's clear that, the optimal dose of
(VSW 2016) addition for flexural strength equals 2% from cement weight. Also for
(Addcrete BVS), it took the same direction as the increase of compressive strength.

Table 5.
Results of flexural strength test at (28, 90,180) days using (VSW 2016)
Type & percentage Cement Flexural strength F, kg/cm?
of admixture (Clcs;];:;;]s Foe Forso Fortusuny/ Ferasie) % Forso F:z:\::g
Control mix 39.6 42.4 107.07 453 114.39
1.5% ( VSW 2016 ) 100 47.0 418.9 104.04 49.7 105.74
2.0% ( VSW 2016 ) 51.0 52.8 103.53 54.5 106.86
2.5% (VSW 2016 ) 55.0 55.9 101.64 57.8 105.09
Control mix 42.3 45.5 107.57 48.4 114.42
1.5% ( VSW 2016 ) 350 49.4 51.4 104.05 52.7 106.68
2.0% ( VSW 2016 ) 54.3 55.8 102.76 55.7 105.31
2.5% ( VSW 2016 ) 57.0 58.3 102.28 59.7 104.74
Control mix 48.5 51.7 106.60 55.6 114.64
1.5% ( VSW 2016 ) 400 50.4 52.6 104.37 56.1 111.31
2.0% ( VSW 2016 ) 55.1 56.4 102.36 59.2 106.63
2.5% ( VSW 2016 ) 57.4 58.3 101.57 60.9 106.10
Table 6.
Results of flexural strength test at (28, 90,180) days using (Addcete BVS) at (C.C) 350kg/m®
Type & percentage Flexural strength F. kg/cm?
of admixture Fersoiavs)/ Ferisoisvs)/ Ferisovsw)/
Ferzs Ferao Ferigo
Ferzaic) % Ferasic) Ferisoievs)
Contral mix 42.3 55.0 103.57 56.3 105.49 100
1.5%(Addcrete BVS)| 52.2 51.4 104.05 52.7 106.68 99.9
2.0%(AddcreteBVS)| 57.8 55.8 102.76 55.7 105.31 101.2
2.5%(Addcrete BVS) 61.7 58.3 102.28 59.7 104.74 101.4
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Fig. 9. Relationship between (VSW 2016) and change in flexural strength at 3 months.
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Fig. 10. Relationship between (VSW 2016) and change in flexural strength at 6 months.
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Fig. 12. Comparison between (VSW 2016), (Addcrete BVS) and change in F at 6 months at (C.C) 350kg/m?.

The little difference between Results of flexural strength at 3 and 6 months for cement
content of 300,350,400 kg/m? respectively resulting of increase drying shrinkage with time
( 3and months) and cement content , this lead to occur of internal cracks causes decreasing
in increase average of flexural strength(took the same direction as compressive strength) .

3. 4. Results of durability characteristics

3. 4. 1. Compressive strength after 4 cycles of durability test

Table 7 shows the results of compressive strength after 4 cycles of durability test. It's
clear from fig.(13, 14) that, the compressive strength of concrete specimens which
modified with (VSW 2016) addition and subjected to 4 cycles of durability test (Fcpss))
increases by about 4 % ranges 7 % up to 2 % compared with the control specimens
subjected to the same durability test. But specimens which modified with (Addcrete BVS)
addition with cement content 350 kg/m® are increased by about 3% up to 5% compared
with control specimens subjected to the same durability test.

Table 7.
Results of compressive strength for concrete exposed to 4 cycles of durability test

Type & Cement Co_mpressive sm;ngth kg/cm? _Compressivn-z strength kg,-"c:m-2 Fenss) vsw)/
percentage of content using (VSW 2018) using (Addcrete BVS) Fepiss) (evs) %
admixture (c.c)kg/m* | Feas Feniss) Fenise) fezs% | Feas Feniss) Feoiss) fezs%
Control mix 257.4 270.9 106
1.5% 312.4 340.3 109
2.0% 300 321.3 359.2 112
2.5% 340.7 357.7 105
Control mix 317.5 | 3384 106 3175 | 3238 102 103.9
1.5% 350 327.7 | 359.2 110 3221 | 3448 107 1028
2.0% 3437 | 3908 114 3352 | 3620 108 105.6
2.5% 390.8 | 418.2 107 3555 | 359.1 101 105.9
Control mix 353.4 377.1 108
1.5% 393.0 436.3 111
2.0% 400 414.0 475.4 115
2.5% 416.5 453.9 109
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Fig. 13. Relationship between (VSW 2016) and change in compressive strength after 4 cycles of durability test.
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3. 4. 2. Results of permeability test

The concrete permeability is very important property and it is closely correlated to the
concrete durability because it measures the ability of useless ions and salts to penetrate the
concrete. Table 8 shows the results of concrete permeability coefficient (K) and depth of
water penetration (Dp) for both (VSW 2016) and (Addcrete BVS) additions. Figures (15,
16) show the results of (K) and (Dp) for both (VSW 2016) and (Addcrete BVS) additions
at cement content 350 kg/m®. From the results, it is clear that, the values of (k) and (Dp)
are lowered by using (VSW 2016) and (Addcrete BVS) to concrete mixes up to dose 2%
and then goes up when increasing doses of (VSW 2016), (Addcrete BVS) additions.
Therefore the ideal dose for both (VSW 2016) and (Addcrete BVS) additions for (K) and
(Dp) is 2% by cement weight.

Table 8.
Results of concrete permeability coefficient (k) and depth of water penetration (Dp)
Concrete permeabilit Depth of water
Per?cinptzgce of coefﬁcient(lg m/secx1 ;1'12 (ﬁ;f;z;o;:/ Pene:;tion (Dp) mm ag?ﬁ;ﬁi‘;j
admixturr.? / [VSW2016] [Addcrete BVS% [VSW2016] [Addcrete pBVS%
cement weight BVS] BVS]
Control mix 1.22 1.22 100 6.00 6.00 100
1.5 % 1.07 1.10 97.3 520 54 96.3
2.0% 1.02 1.07 95.3 5.0 51 98.0
2.5% 1.17 1.12 104.5 5.70 59 96.6
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Fig. 15. Results of concrete permeability coefficient (K) for both (VSW 2016) and(Addcrete
BVS) at cement content 350 kg/m®
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Fig. 16. Results of depth of water penetration for both (VSW 2016) and (Addcrete BVS) at
cement content 350 kg/m?

3. 4. 3. The deterioration strength caused by sulfur salts

3.4.3.1. The loss of strength

Table 9 shows results of compressive test at (6) months using (VSW 2016), (Addcrete
BVS) additions exposed to SO,. Figurel7 shows a comparison between the compressive
strength of the samples exposed to solution of 10 % sulfur sodium at (6) months with those
which are cured with water until testing time for all cement contents. It’s clear that, the
reduction in the compressive strength resulting of exposing to 10% sodium sulfur for (6)
months which ranges 6% to 7% for concrete mixes without (VSW 2016) addition (control
mix) and from 4% to 5% from concrete mixes at dose 1.5% and from 3% to 4% for concrete
mixes at doses 2%, 2.5%. when using (Addcrete BVS) addition at cement content 350
kg/m®, the figure 18 shows that the reduction in the compressive strength resulting of
exposing to 10% sodium sulfur at (6) months which ranges from 7% to 8% for concrete
mixes either without or with using (Addcrete BVS) addition, the concrete strength to
deterioration resulting of exposing to sulfur salts was improved by using (VSW 2016)
addition due to a reduction in quantity of mix water. The compressive strength of all mixes
with (VSW 2016) addition after exposing to 10% solution of sodium sulfur at (6) months,
was significantly greater compared with its similar samples without of (VSW 2016) addition
and curing with water at same age (6) months. This shows the effectiveness of admixtures
which water reduces type such as (VSW 2016) addition in improving the concrete durability.
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Table 9.
Results of Feigo sosy Using (VSW 2016), (Addcrete BVS) additions
Type & Percentage Combresﬁive strength at 180 days exposed 1o So0a( Fcisaise.)kg/m?
of admixture / Cement (VSW 2016 ) (Addcrete BVS)
cement weight content Feiso Fe1goisoq FtlBD{Sn:)]’ Fe1g0% | Feiso Fe1goisoq FclBD(SmJ/
(c.c.)kg/m?
Feiso %
Control mix 322.7 301.2 93.34
1.5% 346.6 327.9 94.60
2.0% 300 353.8 337.9 95.51
2.5% 361.7 345.4 95.49
Control mix 367.4 341.7 93.00 367.4 339.8 92.49
1.5% 150 375.2 396.1 95.57 375.2 347.1 92.51
2.0% 381.6 371.3 97.30 381.6 353.0 92.51
2.5% 393.2 374.5 95.24 393.2 363.4 9242
Control mix 404.7 376.4 93.01
1.5% 426.4 406.1 95.24
2.0% 400 430.1 410.7 95.49
2.5% 132.7 113.2 95.49

compressive strength kg/cm3
gk
Vi
V]
UV
Vs

(VSW 2016 ) 2.5%  (VSW 2016 ) 2.0%  (VSW 2016 ) 1.5% Control mix
VSW 2016 %
H cement conent 300 kg/m3 at water cement content 350 kg/m3 at water
= cement content 400 kg/m3 at water cement content 300 kg/m3 at So4
= cement content 350 kg/m3 at So4 cement content 400 kg/m3 at So4

Fig. 17. Comparison between Fego ses) With those cured with water until testing time using (VSW 2016)
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Fig. 18. Comparison between Fgg (so 4 and those cured with water until testing time using
(Addcrete BVS) at cement content 350kg/m

3.4.3.2. The deterioration in the surface layers and the change in concrete weight

Weight all the concrete samples periodically during the test period (6 months) shows
the presence of slight increase (less than 1%) in the weight of samples. There are no peels
or cracks were observed in the surface of any tested samples. There are no differences
between (VSW 2016) mixes and the control mixes in this subject.

3.4.3.3. The expansion resulting of exposing to sulfur salts

Table 10 shows the maximum strain expansion resulting of exposing to a solution of 10%
sulfur sodium at (6) months on concrete mixes with cement contents 300, 350, 400 kg/m® using
(VSW 2016) addition with doses (1.5%, 2%, 2.5% ) and without (VSW 2016). Figure 19
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shows the relationship between expansion resulting of exposing to a solution of 10% sulfur
sodium at (6) months on concrete mixes with cement content 350 kg/m? and time in sulfate
solution. From table 10 and figure 19, it's clear that, the values of expansion was reduced by
increasing the contents of cement or increasing the doses of (VSW 2016) addition

Table 10.
Results of maximum strain expansion resulting of exposing to a solution of 10% of
sulfur sodium

Type & percentage of (VSW2016)of cement content Cement content (c.c.) kg/m?3
300 350 400
Control mix 0.1168 0.0975 0.093
VSW 2016 (1.5%) 0.092 0.0893 0.087
VSW 2016 (2.0%) 0.089 0.086 0.0725
VSW 2016 (2.5%) 0.087 0.081 0.061

0.04 ———cement content 300 kg/m3 |

—m—cement content 350 kg/m3

cement content 400 kg/m3 |

o 0.5 1 1.5 2 25 3

[VSW2016] %

Fig. 19. Relationship between expansion strain and time in sulfate solution

3. 4. 4. Determine sulfate and chloride content

After crushing and grinding some of concrete specimens which exposed to solution (10
%NO2S04) at 6 months age and containing cement content 300,350,400 kg/m 3 with doses
(1.5%, 2% , 2.5 % ) of (VSW 2016) addition and cement content 350 kg/m 3 with doses (
1.5%, 2%, 2.5 %) of (Addcrete BVS) addition

3.4. 4. 1. Determine sulfate content in concrete
The total content of sulfate in the concrete which evaluated with form So3 due to all of
water, aggregate, cement and additives must not exceed than 4 % of cement content, the
chemical analysis method was performed to evaluate sulfate content. Table 11 shows the
results which not exceed than 4 % of all cement contents at all doses of both (VSW 2016)
and (Addcrete BVS) additions

3.4.4.2. Determine chloride content in concrete

The maximum limit of content of ions chloride in concrete for protecting reinforced
bars from rusting must not exceed than 0.3% of cement content, where the total contents of
ions chloride due to solvable in water, aggregate, cement and additives. The laboratory
analysis (Volhard method) was performed to determine chloride content. Table 11 shows
the results which not exceed than 0.3% of cement contents at all doses of both (VSW
2016) and (Addcrete BVS) additions (compared with control mix).
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Table 11.
Results of sulfate and chloride content for concrete mixtures with both (VSW 2016) and
(Addcrete BVS) additions

Type & percentage of | Cement content (VSW 2016) (Addcrete BVS)
admixture (c.c.)kg/m?
Sulfate Chloride Sulfate Chloride
Content % Content % Content % Content %
Control mix 3.66 0.27
1.5% 3.71 0.28
2.0% 300 3.82 0.289
2.5% 3.95 0.298
Control mix 3.53 0.266 3.53 0.266
1.5% 3.64 0.275 3.58 0.271
2.0% 350 3.75 0.283 3.74 0.280
2.5% 3.82 0.294 3.78 0.288
Control mix 3.42 0.257
1.5% 3.54 0.268
2.0% 400 3.68 0.279
2.5% 3.77 0.288
Conclusions

The current study is concerning with the influence of addition of (VSW 2016) on the
concrete (consists of ordinary Portland cement and round graded aggregate) durability, the
test results show the following points:-

1- The influence of (VSW 2016) addition on the strengths of compressive and tension
at ages 3 and 6 months.

- Increase in compressive strength to mixes with (VSW 2016) addition compared with
the control mixes at cement contents 300,350,400 kg/m? respectively reaching 4 %
and at age 90 days and reaching average 6 % at age 180 days. But by using
(Addcrete BVS) addition reaching 6% at ages 3 and 6 months.

-Tension strengths (splitting and flexural) take the same direction of increasing
compressive strength and the optimal dose for tension strengths equals 2%

2- The influence of (VSW 2016) addition on the durability characteristics:Using (VSW 2016)
addition as water reducing has appositive influence on the concrete durability characteristics
which is represented in improving the density of internal structure for concrete where
- Permeability and depth of water penetration were reduced and the optimal dose of

(VSW 2016) for permeability and depth of water penetration equals 2%

-The concrete strength to deterioration improved resulting of exposing to 10% sodium sulfur
at (6) months age, the reduction in concrete strength ranged from 4% to 5% for concrete
mixes of (VSW 2016) with dose 1.5% and ranged from 3% to 4%for remaining (VSW
2016) doses . But the reduction in concrete strength reaching about 7%at control mixes

-The compressive strength for the mixes with (VSW 2016) addition exposed to sulfur solution
was higher with a significant difference compared with mixes samples without (VSW 2016)
addition and curing with water at same age. It was also higher significant compared to its
similar samples using (Addcrete BVS) addition and exposed to sulfur solution.

-The potential to form expansion compounds which are expandable was reduced as a
result of exposing to sulfur, where the expansion test results showed a better volume
steady for (VSW 2016) mixes and the values of expansion was reduced by
increasing the cement content or increasing the (VSW 2016) doses.
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This in turn implied improving the concrete strength to sulfur salts by increasing the
compressive strength and improving the internal structure compared to reducing of mixing
water and increasing the cement content

3- In concrete specimens which exposed to solution (10 %NO2S04) at age 6 months

both sulfate and chloride contents (compared with control mix) accordance with
specification requirements.
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