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Abstract: The expertise and the testing of structures with reinforced concrete that are existing
or under construction often require the evaluation of the quality of concrete. The non-destructive
test permitted to evaluate the state of their structures but also to assess the bearing capacity
or to predict their durability. These techniques are generally influenced by several factors,
generally humidity, for example, the speed of sound relied by varies humidity in concrete.
The objective of this research is to study the durability of concrete the sanitation networks in the
region of Ouargla - Algeria under the effect of sulphates agents. In this experimental,
the specimen concrete conserved in different real environment, and these results were compared
than those specimens curing with drinking water. Finally, they concluded the concrete specimens
conserved in waste water have acceptable mechanical characteristics than those specimens curing
in water, and it is obtained a regression of 3% the strength compressive to the age 365 days.
But the exposure of concrete specimens to H,S gas, it is obtained a degradation accelerated
in particular after 90 days to age, where a regression to 36% of the compressive strength than
specimens curing in water at the age 365 days. The sanitation networks (pipes and manholes)
of Quargla — Algeria are a low durability under the effect of H,S gas sulphates. For increase
the durability of pipes and manholes the Ouargla, it proposed the substitution by pipes
and manholes in polyester materiel.
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1.0 Introduction

The expertise and the testing of structures with reinforced concrete that are existing or
under construction often require the evaluation of the quality of concrete. The quality
testing of concrete cured by destructive testing may be difficult to achieve sometimes
(heavily reinforced structure). So, the use of Non-Destructive Testing (N.D.T) methods
seems sufficient (Obad, 2014). For non-destructive testing of concrete (CND), methods
based on the propagation of mechanical waves frequently called acoustic waves, the
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most used are: auscultation sonic or ultrasonic pulse velocity UPV, the impact-echo, the
acoustic emission. Other techniques such as seismic tomography or surface waves
remain of limited use. Acoustic methods with visual inspection are the oldest forms of
non-destructive testing. In 1920, the Russian scientist Sergei Y. Sokolov institute of
electrical Leningrad in the USSR was the first who proposed to use the ultrasonic wave
velocity (UPV) to find defects in metal objects. After the Second World War, was
followed by a rapid change in the instrumentation of non-destructive testing, the main
objective is the detection of defaults. In response to this need techniques more
sophisticated using ultrasound; eddy current, radiography appeared (Hannachi et al.,
2014). This test permitted to evaluate the state of their structures but also to assess the
bearing capacity or to predict their durability. These techniques are generally influenced
by several factors, generally humidity, for example, the speed of sound relied by varies
humidity in concrete (Nguyen et al., 2013).

The sewage system of the city of Ouargla is unitary, they aso distinguish sewerage
networks according to the unattended mode, but the majority of citizens are connected to
the sewer system. The wastewater in the city of Ouargla is essentially a domestic type,
even though this water is discharged with industrial wastewater in one collector without
any prior treatment, this water is highly contaminated by sulphate and cause a high
release of Hydrogen Sulfide (H,S) gas (BG, 2004). According to H,S gas measurements
by the National Sanitation Office of Ouargla, the concentration of gas varies depending
on the temperature and relative humidity; it reaches the maximum values during the
summer. For example this pressure has reached more than 100 ppm in Rouiss at
Ouargla. Figure 1 shows some deterioration of sanitation networks in Ouargla region
under the effect of sulphates in wastewater.

Figure 1: Reinforcement corrosion and the bursting of the cover
concrete sanitation pipe N'Goussa - Ouargla.
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The gypsum (CaSQO,4.2H,0) is obtained by the reaction between portlandite (Ca (OH),)
and the outer sulphates such as calcium sulphates, magnesium, sodium, potassium,
ammonium(Khan, 2009). The ettringite formation (CsA.3CaS0,4.32H,0) is the result of
the reaction between gypsum and anhydrous calcium aluminate. Equations (01), (02)
and (03) show the reaction of sodium sulfate (Na,SO,) and magnesium sulphate
(MgS0,) with calcium hydroxide (Bassuoni et al., 2008.; Prasad et al., 2006).

Ca(OH), + Na,SO, + 2H,0 — CaS0,.2H,0 + 2NaOH (1)
Ca(OH), + MgSO, + 2 H,0 — CaS0,.2H,0 + Mg(OH), @)
CsA + 3CaS0,.2H,0+26H,0 — C3A.3CaS0,.32H,0 (3)

The released H,S gas condenses on the walls of sewer networks, it is converted by
anaerobic bacteria in closed environments with moisture (a strong and highly corrosive
acid to the plates) and will have the formation of sulfuric acid (H,SO,4) (Baron et al.,
1992; Jensen et al.,, 2011). The contact between the sulfuric acid and portlandite
(Ca(OH),) form gypsum (CaS0,.2H,0), then the contact between the gypsum and the
anhydrous calcium aluminate (CsA ) form ettringite (3CaO. Al,O. 3CaS0,. 32H,0),
finally ettringite is a friable material that forms from the incomplete reaction of the
sulfuric acid and the cement paste (EStokova et al., 2012). In 2012, Messaoudene
obtained a reduction of compressive strength by 41%, for mortars conserved in
sulphuric acid of one year, at a concentration of 0.25 Mole. The mechanism of sulphate
attack the mortars exposed to sulfuric acid that is mainly an external phenomenon, and
that the expansible action of gypsum is responsible for the gradual opening of the
material structure by dislocation of its surface and that the attack surface causes a
reduction in the section of the test pieces.

2.0 Experimental Program

The aim of the experimental work is to study the degradation mechanism
physicochemical in concrete specimens in the real aggressive environment as the
building blocks of pipes and manholes used to sanitation in the Ouargla region. In this
study, using prismatic mould dimensions (70x70x280) mm?® according to European
standards NF EN 12390-1 and NF P 18-427, for the manufacture of concrete specimens.
After pouring the concrete, the specimens are kept in the moulds in the indoor
laboratory for a period of 24 hours, for the curing of the concrete. Table 1 summarizes
the concrete mixture compositions of the graphical method of Dreux Gourisse. (Dreux,
1970)

Table 1: Proportions of tested concrete mixtures
Cement Fine aggregate (Sand) Coarse aggregate W/C
(Kg/m®) (Kg/m°) (Kg/m°)
400 621.53 1182.23 0.54
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The cement used are Sulphate Resistant Cement (CEM | 42.5 N-ES) from the
LAFARGE factory, physical and chemical properties of the used cement are illustrated
in Table 2.

Table 2: Physical and chemical properties of cement

Normal consistency in cement paste (%) 26.4 K,O (%) 0,77
Mass per unit volume (g/cm®) 3.08 Na,O (%) 0,27
Finesse according to Blaine's method 3320 | SOz (%) 2,12
Compressive strength 28 days (MPa) 28.90 | CaO libre (%) 0,55
Initial time of setting (min) at 20 ° C 140 ClI" (%) 0,06
Final time of setting (min) at 20 ° C 245 CsS (%) 57,00
SiO; (%) 24,85 | C,S (%) 19,00
Al,O5 (%) 528 | CsA (%) 4,00
Fe,03 (%) 3,73 | C,AF (%) 14,00
Ca0 (%) 58,71 | CaO.L (%) 1,00
MgO (%) 2,39 | Gypsum (%) 5,00

The physical and chemical properties of coarse aggregate and the fine aggregate used
are presented in Table 3. The nominal maximum size of coarse aggregate used was 15
mm, the nominal maximum size of fine aggregate or sand used was 5 mm. The sand is
of siliceous origin, as well as the aggressive elements are contained in small quantity.
The results show that the materials are comparable with existing materials and can be
used in concrete production.

Table 3: Physical and chemical properties of aggregate
Fine aggregate  Coarse aggregate

apparent density (g/cm®) 1,53 1,24
absolute density (g/cm?) 2,59 2,60
Equivalent of sand (%) 73,21 -
Property of aggregate (%) - 1,32
Brittleness of sand (%) 13,97 -

Los Angeles Coefficient (%) - 23,57
CaS0,.2H,0(%) 1,86 4,59
CaCO3(%) 1,50 77
Cl'(%) 0,015 0,023
NaCl(%) 0,026 0,036
Insoluble (%) 90,21 30,26

SO, 4(%) Traces Traces




S/ Malaysian Journal of Civil Engineering 29(3):320-332 (2017)

A series of specimens are curing with drinking water in the lab (20 + 2) °C. Another
series are conserved in the basin of waste water in the Ouargla region, chemical analysis
of waste water the basin are illustrated in Table 4.

Table 4: Results of analysis of global mineralogical parameters of wastewater

Ca™ Mg*™ K* Na* S0,* cr
(%) (%) (%) (%) (%) (%)
492,98  4560.00 27.50 660.00 4900.00 1247.90

The final series are exposed to hydrogen sulphuric (H,S) gas, in a manhole closed of the
Ouargla region aiming to ensure a high concentration of H,S (The H,S gas is varied in
concentration and depending by the temperature and relative humidity, it recorded the
maximum values in the summer. For example this pressure has reached more than 30
PPm in the environment of conservation). Figure 2 presented of concrete specimens
curing in different environment.
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A : Concrete specimens preserved B : Concrete specimens exposed C : Concrete curing with drinking
in waste water to HS gas water in the lab

Figure 2: Concrete specimens curing in different environment
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3.0 Results and Discussion
3.1 Sclerometer Test

Sclerometer test was conducted in the lab by applying the weight loaded with the
Sclerometer on the surfaces of prismatic specimens (70x70x70) mm?® according to
European Standard NF P18-417 (Show figure 3). The results of Compressive strength
by Sclerometer are presented in figure 4.
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From figure 4, the compressive strength of the specimens curing with drinking water is
greater than those specimens preserved in the waste water and exposed to H,S gas.
These specimens exposed to H,S gas are lower values of compressive strength to others.
These values of compressive strength for the specimens conserved in waste water are
increasing continuously up to 365 days, and the value strength maximum which is 32.65
MPa, or regression of strength to 3 % than specimens curing with drinking water. For
the specimens exposed to H,S gas, these values of compressive strength are increasing
continuously up to 90 days, where the value of strength its maximum to 26.86 MPa, but
after 90 days the value of compressive strength is reduced up to 21.45 MPa, at the age of
365 days, or regression of strength to 36 % than others specimens. These results are
explained the negative effect of H,S gas on durability of concrete unlike these
specimens curing with drinking water and the specimens conserved in waste water, in
the presence of relative humidity in a manhole closed the order to 75% accompanied by
an H,S gas the pressure to 12 PPm (The value pressure of H,S gas measured by Portable
gas detector).

Figure 3: Sclerometer test on the surface of prismatic specimen’s concrete.
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Figure 4: Compressive strength by sclerometer of concrete specimens curing in different
environments.

3.2 UPV Test

This test is to determine the propagation speed of sound waves in concrete test pieces
according to the European standard P 18-418 using an ultrasonic pulse velocity UPV
material. This test was carried out in the lab by using concrete prismatic specimens with
dimensions (70x70x280) mm? exposing in different environment (Show figure 5). The
results of the UPV test are presented in figure 6.

From figure 6, the speed of sound for specimens curing with drinking water is higher
than to others. The specimens exposed to H,S gas are lower values the speed of sound
than those specimens curing with drinking water and it preserved in waste water. The
speed of sound for specimens curing with drinking water and the specimens preserved in
waste water is increased from time, but the speed of sound for specimens exposed to
H,S gas is decreases from the age of 90 days. These results are explained the higher
density of the specimenscuring with drinking water and the lower density for the
specimens exposed to the H,S gas from the age of 90 days to the age of 365 days. They
explain the accelerated degradation for the specimens exposed to H,S gas than those
specimens conserved in the waste water; these results confirm the results obtained in the
sclerometer test.
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Figure 5: UPV test on the surface of prismatic concrete specimens
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Figure 6: Speed of sound of concrete specimens cured in different environments.

3.3 Chemical Analysis

The results of chemical analysis of the skin of specimens conserved in different
environment to the age of 365 days are presented in table 5.
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Table 5: Chemical analysis of the skin of specimens conserved in different environment
Specimens curing with  Specimens preserved  Specimens exposed

drinking water in wastewater to H,S gas
(%) (%) (%)
Insoluble 23,59 23,08 26,00
CaS0,.2H,0 5,12 7,00 6,34
50,2 0,90 1,30 0,99
CaCO4 64 65 67
Cr 0,07 0,11 0,03
NaCl 0,12 0,18 0,05

From the two preceding tables4 and 5, the waste water of basin are contained a high
concentration of chloride to 1247.90 mg / | and the 660 mg / | of sodium. The skin of
specimens conserved in wastewater is contained a high concentration of sodium
chlorides to 0.18 % and 0.11 % of chlorides than those specimens curing with drinking
water, which explains the formation of a protective skin the chlorides on the surface of
the concrete specimens preserved in the waste water.

3.4 Capillary Absorption Test

In capillary absorption test used of concrete specimens conserved in different
environment and the dimensions (70x70, 100 < H < 280) mm®. These specimens are
deposited horizontally on the swing face a duration to 72 hours, from a container of sand
saturated water the height to 2 cm and the other faces of specimen are plastered with
paraffin (Show figure7) (Gorisse, 1978). The results of the capillary absorption test of
specimens conserved in different environment to the age of 365 days are presented in
figure 8.

Figure 7: Capillary absorption test of prismatic concrete specimens.
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Figure 8: Capillary absorption of concrete specimens conserved in different environments.

From figure 8, the capillary absorption of specimens exposed to H,S gas is higher than
those specimens curing with drinking water and the specimens preserved in the waste
water. The specimens curing in water is lower values of the capillary absorption, it is
regression to 23% than those specimens conserved in the waste water and to 57% than
those specimens exposed to the H,S gas. The capillary absorption of specimens exposed
to H,S gas confirmed the higher internal porosity of the concrete, due to the diffusion of
sulfuric acid inside the pores of the concrete and the formation of ettringite and creation
of surface cracks which increase the internal porosity of the concrete. These results are
confirmed to previous researcher that the degradation was due to the expansion of
ettringite by Messaoudene in 2012.

3.5 X-Ray Diffraction Analyss

The results of X-ray diffraction analyses the skin of concrete specimens preserved in
different environment to the age of 365 days are presented in figure 9 and figure 10.
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Figure 9: X-ray diffraction of specimens conserved in the waste water.
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Figure 10: X-ray diffraction of specimens exposed to H,S gas.

From the figure 9 and figure 10, the formation of ettringite in skin of specimens exposed
to H,S gas, for to peaks 43, 48 and 50. These results confirmed the accelerated
degradation of the specimens exposed to H,S, and they confirmed these results obtained
by non-destructive tests.
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4.0 Conclusion

The concrete specimens conserved in the waste water have acceptable mechanical
characteristics than those specimens curing in water, but to expose of specimens in H,S
gas formed a degradation accelerated than those specimens curing in water or in waste
water. They concluded the sanitation networks (pipes and manholes) of Ouargla—
Algeria are a low durability under the effect of H,S gas sulphates. For increase the
durability of pipes and manholes the Ouargla, it proposed the substitution by pipes and
manholes in polyester materiel.
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