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The underground R.C. structures especially footings, piers, piles and column necks
are always subjected to aggressive environmental conditions during their
exploatation. These conditions are represented by the aggressive sulfate and chloride
attack from surrounded soil or underground water. Which implies to deterioration of
concrete cover and penetration of sulfate and chloride ions to the interior of concrete
elements. According to that, the actual strength of RC. elements decreases and
corrosion damage of embedded steel bars accompanied with large deformations of
concrete and steel increases. Consequently, a higher reduction of the construction
durability occurs. So, the need for using an effective and economic admixtures for the
protection of concrete elements against sulfate and chloride attack is required.

Therefore, the main purpose of the project described in this paper is to study
experimentally the mechanism effect of the suggested economic admixtures, which
fabricated fromalkali wastes of oil and cellulose paper industries, on the behavior of
normal strength R.C. columns,subjected to external sulfate and chloride attack, under
axial static loads. The main variables studied in this research on fifeteen R.C.
columns were: three different types of plasticizing organic admixtures(SM-S, CM-B
&SM-0), which contain in their compositions amount of alkali wastes from
secondary products of oil and cellulose paper industries plus a control plasticizing
admixture (Addicrete DM2), and three different concentrations of external surrounded
sulfate and chloride solutions (2%Na,S0,+1%CaCL, -Group A, 4%
Na,SO,4+2%CaClL, - Group B, and 6% Na,SO,+ 3% CaCL, - Group C).

The experimental results showed that, Ultimate loads, stiffness, deformations, mode
of failure and properties of the failure zone of the different groups of R.C. tested
columns are significantly affected by the suggested admixtures and the concentration
of sodium sulfate and calcium chloride solutions. R.C. columns modified with these
admixtures(SM-S CM-B &39M-0) and hardened in 6% Na,SO,+3% CaCL, until
7 months showed a higher increment in their ultimate and working loads by about 51,
41, & 15%, a large increase of their energy absorption and ductility index of about
90, 47 & 33% over than that of the control column and a decrease of their ultimate
longitudinal concrete strain by about 40, 24 & 18%, respectively compared to the
control tested column without admixtures
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1- INTRODUCTION
In general, concrete has a low resistance to clanattack. There are several
chemical agents which react with concrete, butflivms of attack are most common,
namely, leaching and sulfate attack. Chemical agestentially react with certain
compounds of the hardened cement paste and ttstarese of concrete to chemical
attack therefore depends largely on the type ofecemsed. The resistance of concrete
to chemical attack has improved with increase frtpermeability [1]. The general
reactions involved in external sulfate attack hiagen described previously by Cohen
and Bentur [2]. Sulfate attack on cement mortarsooicrete leads to the conversion of
hydrated products of cement to ettringite, gypsuna ather phases, and also to the
destabilization of the primary strength providedticem silicate hydrate (C-SH) gel.
The formation of ettringite and gypsum is commorémentitious materials exposed
to most types of sulfate solutions. The expansiesulting from sulfate attack is
generally attributed to the formation of these wempounds, although there is some
controversy surrounding the exact mechanisms cg@sipansion [3]. When attacking
solution contains magnesum ions, such as magnesiifate (MgSQ), the formation
of magnesium hydroxide (brucite) and conversiorCe®-H into magnesium silicate
hydrate M-S-H were observed [4, 5].

When cement-based materials are exposed to sodilfates attack, gypsum and
ettringite are produced by chemical reactions dfaga and Ca (OH) GA.
Formation of gypsum plays an important role in t@nage of materials [2, 6, 7].
There is a close relationship between Ca (Otfntent and gypsum formation.
Ettringite formation results in cracking and exgansof the material. Expansion is
related to the water absorption of crystallineiegite. So, it is necessary to increase
the resistance of concrete against sulfate attdckie researchers used pozzolanic,
dolomite, fly ash, and silica fume materials in taehnology of concrete for increase
its resistance to sodium sulfate attacks. Thesenmaés react with Ca(OH)2 and the
result is additional CSH gel. This transformati@ads to the increase of cement
materials resistance to sodium sulfate attack,[9, &nd 10].

Over the past several years, there has been aroedcessearch effort to explore the
mechanism effect of chemical plasticizing admixsiespecially organic types, on the
mechanical properties of R.C. structurbacreasing the concrete alkali content
from 0.6% to 1.25% of N®. of the cement mass by adding alkali addition to
mixing water has harmful effects on most mechanicaperties (compressive,
splitting, direct tensile, and flexure strengthg$)concrete [11].Admixtures,
which contain in their compositions organic matieriaith limited doses, represent
practical interest especially for our local countgnditions. This practical interest
attractive more investigators because of theirlabaity and outstanding advantages
such as: high compressive and tensile strengthootrete, durable concrete in
aggressive environmental conditions, suitable t&st® to corrosion, very low cost
and not causing epidemic for organism of man [B2, 1
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The organic materials can be obtained from therstany products and alkali wastes
of vegetable oil, chemical synthesis and cellulpaper industries. The action of
organic elements on cement paste and concrete miituletermined by the structure
of their molecules and correlation between orgamd non-organic particles of their
molecules. It is known that, organic elements htdnae ability of adsorption on the
surfaces of cement particles and solid phase. almytake part in formation space,
coagulate structure and orientation molecules. imli@l development of producing
concrete with organic admixtures technique tookela the USSR laboratories for
materials testing and research, which have coratectron the effect of organic
materials on concrete properties since 1981. Masgarch works have been focused
on the application of organic admixtures in théntestogy of concrete and reinforced
concrete structures. Because of their positiveigrfte on the physical and mechanical
properties of R.C. elements not only on their epdgiod of hardening, but also for the
period of their exploitation in the building sifé2, 13, 14, 15].

It is known that, the organic materials have nat sblubility with water. So, in this
research the solubility of these elements with watas achieved by using calcium
oxide and superplasticizers such as “ BVF” and “PMBvestigations about using
complex organic admixtures, which contain in tle@mposition alkali wastes from oil
industries, such as (LSM, CLSM, SMP) for the impmawent of concrete and
reinforced concrete properties were carried out I8} 16, 17]. But, the mechanism
effect of organic admixtures, containing alkali ustrial wastes from oil and cellulose
paper industries, on the resistance of R.C. elesraguinst sulfate and chloride attack
has not been enough studied. An experimental mefthropredicting the behavior of
R.C. columns damaged by corrosion of steel undet bbads was carried out [18]. A
numerical method for predicting the behavior of Re@umns subjected to axial force
and biaxial bending was proposed considering curedocalization [19].

So, this paper focuses on the experimental stahest the possibility of producing
new chemical admixtures containing in their composs alkali wastes from oil and
cellulose paper industries, (type SM-S, SM-O & CM-B\nd then study their
mechanism effect on the mechanical behavior ataréamechanism of square section
R.C. columns of normal strength concrete of abds@-250 kg/cr, which were
subjected to different concentrations of sulfatd ahloride attack, under axial static
loads. Experimental program consists of fifteen .RsGuare section columns to
propose the best-suggested admixture effect onteihanical behavior under these
aggressive environmential conditions.

2- EXPERIMENTAL PROGRAM
The main aim of this program is to investigate expentally the behavior and failure
mechanism of different groups of normal strengt@.Rquare columns modified with
the new types of organic admixtures and exposelfferent concentrations of sulfate
and chloride solutions under static load. The drpamntal approaches in this study
consist of testing fifteen square R.C. columns uradatic load. The main variables
studied were:
— different types of suggested organic admixturesiclwhwere fabricated in the
laboratory and contained in their composition alkedstes of oil and cellulose
paper industries (type: SM-S, CM-B & SM-0).
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— different concentrations of surrounded sulfate ahidride salt solutions ( type:
NaSQ, + CaCly).

All groups of columns, with and without admixturegre identical in size, 15x15cm
square section and overall height (150 cms). Thesewasted in a vertical direction
and hardened in fresh water conditions until 28sd#fter that, they were immersed
and hardened in different concentrations of suléette chloride solutions for a period
of 7 months. Then, all groups of columns were tksiader axial static load. All
columns were divided into three groups, (group A% E), depending on the amount
of concentration of sulfate and chloride solutidgach group consisted of 5 columns
depending on the type of fabricated organic admegySM-S, CM-B & SM-O) and
control plasticizing admixture (type DM The columns have the same amount of
longitudinal reinforcement of 4 @ 8mm and stirrugds7 @ 6mm/m. Group (A) of
columns was immersed in 2% }$0, + 1% CaCl, Group (B) of columns was
immersed in 4% N&O, + 2% CaClL. But, Group (C) was immersed in 6%./S&) +
3% CaCl; for a period of 7 months. Details of reinforcemeand measured
deformations are shown Fg. 1.
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Fig. 1: Details of R.C. tested columns and method of measuring their deformations.

3- MATERIALS

3.1 Technique Of Preparing And Producing The Sugges  ted Admixtures

The experimental technique for preparing and prioduthe suggested organic
admixtures were carried out by the method explaingtie our previous works [14].

The suggested organic admixtures type “SM-S”, “CMaRd “SM-O’ are consist of
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the secondary products and alkali wastes (pH=9.8¢getable oil and cellulose paper
industries, Calcium oxide “CaQ”, SuperplasticizZ8¥F”, & “PVS”, and water.

The effect of composition and parameters of contlmnaof different elements on the
guality of the suggested admixtures was carriedbgutising the previous explained
methods [14, 15]. The composition and correlatibrcamponents of the proposed
admixtures by weight from their solid particles determined and shown Trable 1.

3.2 Chemical Analysis Of Alkali Industrial Wastes

Alkali wastes from cellulose paper industries cehgf lime clay and clay from
industrial sewage station. Chemical analysis ohlallvastes from cellulose paper
industries (type lime clay and clay of industriaelvage station) was carried out and
the results are shown Trables 2, 3.

Table 1: Composition and correlation of components of the organic admixtures.

Type of . Correlation of
admixture Components of the admixture components, % by weight
1-Alkali wastes of vegetable ¢
“SM-O* industries (liquidity solution pH= 9.5) 8.00
(Suggested )] 2-Calcium oxide “Ca0O”, and 0.62
3-Water 91.38
1-Alkali wastes of vegetable ¢
“SM-S” industries (liquidity solution pH= 9.5), 8.00
2-calcium oxide “CaQ”, 0.67
(Suggested 3- Superplasticizer “PVS “, and 1.87
4-Water 89.46
1-Alkali wastes of cellulose pap
“ CM—B* industries [jquidity solutionpH= 9), 8.00
(suggested ) 2-Calcium oxide “Ca0Q” , 0.67
3-Superplasticizer “BVF “, and 1.76
4-Water 89.57

Table 2: Chemical analysis of alkali wastes (type: Lime clay) from
cellulose paper industries.

Silica + Combined Sodium | Sodium Sodium | Sodium | Calcium
Componentg non-soluble Oxides hydroxide sulfide | carbonate sulfate | carbonat( Unknownd
materials Na (OH) | NaS |Na(CGO;) | Nay(SQOy) | Ca(CQ)

Correlation, %  7.27 1.05 | 0.481 | 0.039| 0.848 | 0.243 | 89.982 0.087

Table 3: Chemical analysis of alkali wastes (type: clay of industrial sewage station)
from cellulose paper industries.

Components Organic Materials Azot Phosphates| Ashes

Correlation, % 91.252 2.1 0.389 6.259
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3.3 Normal Strength Concrete

Concrete mixes were used to produce normal streswibrete having 28-days cubic
compressive strengths of 250-300 kgic@ptimum dose of each admixture, at which
occurs maximum values of compressive strength vedsrhined by the previous
methods [14, 15]. The influence of the value ofimpin dose and type of each
admixture on the compressive strength of concrigéée a8 & 210-days hardening in
fresh water are shown inable 4. Ordinary Portland cement of specific gravity 3.2
was used (Assiut cement). Coarse aggregate use@@ma®m maximum nominal size
and fineness modulus 7.12. Local natural sandnefniess modulus 2.35 was used as a
fine aggregate.

Table 4: Details of concrete mixes and their compressive strengths “Fc “
at optimum dose of the suggested admixtures (hardened in fresh water).

Mix Mix cz?/%%nem 'l Suggested Admixtures Fc, kg/cnd
I
No. Optimum dose, % by W/C Sgnr:]p’ 28 | 210
C | S| G| TYPe| \eight of cement days | days
1 1350 671| 1288 ----- 0.00 0.44 55 276 284
2 | 350| 676| 1292SM-O 0.25 0.43 55 282 341
3 1350 679| 1298CM-B 0.25 0.42 55 321 347
4 |]350| 680 1300SM-S 0.25 0.41 55 3300 356
5 | 350 688 1316 DM2 0.25 0.38 55 420 427

3.4 Steel Reinforcement

The steel bars used, as compression reinforceni@aiomns was a normal strength
mild plain bar having diameter 8mm (yield stres8@8&g/cni, ultimate strength 4610
kg/cnt & % of elongation 19.8) and stirrups 6mm diameyeéel@l stress 2670 kg/cin
ultimate strength 3670 kg/én& % of elongation 21.7)

3.5 External Sulfate And Chloride Solutions
Three different concentrations of sodium sulfatea,$0, and calcium chloride
“CaCL, were used as external sulfate and chloride attack.

3.6 Test Procedure

Thetesting machine (EMS 500-tons) was used. Each aolvas loaded axially and

gradually keeping the rate of loading constant. Thtumns were tested after 7
months immerssing in sulfate and chloride solutionder static axial loading. The
axial load was applied gradually with an incremeht2 tons up to cracking and

failure. After each increment, reading of strainuges, dial gauges and crack
propagation for each group of tested columns wesrded.

4- RESULTS AND DISCUSSIONS
Test results of the fifteen R.C. tested columneeétgroups A, B & C), are presented
in Tables 5, 6 & 7. The tables also include the predicted ultimateacdies of the
tested columns using the method of Egyptian cogeandtice.
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4.1 Cracks And Mode Of Failure Of The Tested R.C C olumns

Cracks, mode of failure and properties of the failuone of all groups of tested
columns after 7 months hardening in sulfate andrake solutions are shown in
Table 5 andphotos 1, 2, & 3 in Fig. 2.

4.1.1 Cracks and mode of failure of R.C. tested col umns (Group A)
Cracks initiated and failure occurred with a buogliof steel reinforcement at the
ultimate load as a shear failure accompanied bshing with high explosive sound at
the middle third region in case of control testetbmn without admixtures. But, they
were initiated and failure occurred with a smaltkling of steel reinforcement at the
ultimate load as a shear failure accompanied bshing with low explosive sound at
the lower one third region in case of columns medifwith admixtures containing
alkali wastes of oil industries (type SM-S &SM-Qjdeplasticizing admixture (DM2).

Table 5: Properties of the failure zone of all tested columns after 7 months hardening
in sulfate and chloride solutions.

Grou No. Type of Conc.of l:ﬁg%\% Height UHGEP[[E?IL Mode of failure, angle

NO P of Admixture, salt of failure of failure gfp}ailure of shear failure,
" | columng dose, % [solutions zone, cn degrees
zone, cm zone, cm

Ci1 Control 30 35 65 Shear failur@z= 66

C,.1 | DM2, .25% N2 ;A)O 15 35 50 Shear failuiis 66

A [ Gy [SM-S,25%| "k 12 22 34 | Shear failufe; 56

Cs.1 |CM-B,.25% caCl 113 25 138 Shear failurés= 59

Cs.1 | SM-0,.25% 15 35 50 Shear failur@z= 66

Ci_, Control 107 33 140 Shear failurész 65

Cop [DM2, 25%| 42‘?0‘ 33 30 63 | Shear failugs 63

B Cs_» | SM-S,.25% 22% B 99 26 125 Shear failube, 60

Cs_2 |CM-B,.25%| cacl2 115 25 140 Shear failuréz 59

Cs_, | SM-0,.25% 5 24 29 Shear failur®= 58

Ci_3 Control 102 31 133 Shear failurés= 64

C,_3 | DM2, .25% 62‘?0 12 31 43 Shear failufis 64

C Cs_3 | SM-S,.25% Nf 3% B 120 20 140 Shear failube,53

Cs_3 |CM-B,.25%| cacl2 65 27 92 Shear failuré= 61

Cs_3 | SM-0,.25% 107 31 138 Shear failuréz 64

And, at the upper one-third region in case of calsnmodified with admixtures
containing alkali wastes of cellulose paper indastftype CM-B). Levels and height
of the failure zone for each type of columns amshin Table 5 andphoto 1. From
which it is clear that, the suggested admixturgpgtSM-S & CM-B ) reduce the
height of the failure zone by about 37 & 29% resipety compared to the control
column. In the same time, the admixture (CM-B) aodtrol admixture (DM2) has
nearly the same lower level of failure zone of cointolumn but they reduce the
sound of crushing.
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Photo 1: Cracks and
mode of failure of R.C.
tested columns (Group A)

(Cy.9): Control column
(Cs.9): with admixture DM2
(Cs.4): with admixture SM-S
(C44): with admixture CM-B
(Cs.9): with admixture SM-O

Photo 2: Cracks and
mode of failure of R.C.
tested columns (Group B)

(Cy.): Control column
(C».): with admixture DM2
(Cs.): with admixture SM-S
(C4): with admixture CM-B
(Cs.): with admixture SM-O

Photo 3: Cracks and mode
of failure of R.C. tested
columns (Group C)

(Cy.3): Control column
(Cy.): with admixture DM2
(C32): with admixture SM-S
(C4.3): with admixture CM-B
(Cs.5): with admixture SM-O

Fig. 2: Cracks and modes of failure for all groups of R.C. tested columns.
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4.1.2 Cracks and mode of failure of R.C. tested co lumns (Group B)
Cracks initiated and failure occurred with a buwklof steel reinforcement at the
ultimate load as a shear failure accompanied bghong with high explosive sound at
the upper one third region in cases of controletstolumn without admixtures and
column modified with admixture (CM-B), which comtinig alkali wastes of cellulose
paper industries. But, they were initiated anduf&loccurred with a small buckling of
steel reinforcement at the ultimate load as a sfaekre accompanied by crushing
with low explosive sound at the middle third regiarcase of columns modified with
admixture containing alkali wastes of oil industri@gype SM-S) and plasticizing
admixture (DM2). And, at the lower one-third regioncase of columns modified
with admixture (type SM-O).

Levels and height of the failure zone for each tgpeolumns are shown ifable 5.
From which it is clear that, the suggested admeguitype SM-S, CM-B & SM-O)
reduce the height of the failure zone by about2B2& 28% respectively compared to
the control column. In the same time, the contarhixture (DM2) reduces failure
zone height by about 9% only. The admixtures comgi alkali wastes of oil
industries (SM-S & SM-O ) decrease the lower lefahe failure zone by about 8 &
95% respectively. But, admixture containing alkedistes of cellulose paper industries
(type CM-B) has nearly the same lower level ofuiglzone of control column.

4.1.3 Cracks and mode of failure of R.C. tested col umns (Group C)
Cracks initiated and failure occurred with a buogliof steel reinforcement at the
ultimate load as a shear failure accompained bshing with high explosive sound at
the upper one third region in cases of controletstolumn without admixtures and
columns modified with the suggested admixtures S8-SM-O), which containing
alkali wastes of oil industries, and in the middhérd region for column with
admixture (CM-B). But, they were initiated and fm# occurred with a small buckling
of steel reinforcement at the ultimate load aseasifailure accompanied by crushing
with high explosive sound at the lower one thirdioa in case of columns modified
with control plasticizing admixture (DM2).

Levels and height of the failure zone for each tgpeolumns are shown ifable 5.
From which it is clear that, the suggested admedutype SM-S& CM-B) reduce the
height of the failure zone by about 35 & 21% resipety compared to the control
column. But, admixture containing alkali wastesodfindustries (type SM-O) and
control admixture (DM2) has nearly the same loveafel of failure zone of control
column. It is necessary to notice that, the orgaximixture (CM-B) containing alkali
wastes of cellulose paper industries has nearlgffext on changing the failure zone
region. It has the ability of keeping failure sitethe upper or the middle third region
for all groups of tested columns, which increasedbgree of warning against failure
compared to the control admixture (DM2). This may dxplained by its effect on
improvement the micro porous structure of the haedeconcrete in aggressive
conditions.

The positive influence of the suggested admixtugsgecially SM-S & CM-B on
improvement properties of the failure zone, (deseeaf the depth & increase of the
height of lower and upper level of the failure zZpmeay be explained by the
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following: the addition of plasticizers with a smaloses to the liquidity alkali
industrial wastes help in the solubility of orgamiements with water and produce
homogeneous liquidity organic admixtures. Thesengha regulate the microstructure
formation of cement paste and produce more demmsapfjeneous and impermeable
concrete. Consequently, the bond forces betwees atal concrete increased, the
internal cracks decreased and the properties dathee zone improved.

4.2 Corrosion Damage Of The Tested R.C Columns

It is necessary to notice that, after 7 months dvairdy of column specimens in sulfate
and chloride solutions, the embedded steel batkeotontrol tested columns have a
clear corrosion damage and its rate increaseshigtin concentrations of sulfate and
chloride solutions. But, in case of columns modifigith admixtures (SM-S &SM-0),
which contain alkali wastes from oil industriese thmbedded steel bars have a little
corrosion damage. In case of columns modified veittmixture (CM-B), which
contain alkali wastes from cellulose paper indestrthe embedded steel bars have a
neglected corrosion damage for all different cotr@ions of salt solutions.

4.3 Ultimate Loads

Table 6 shows the experimental and theoretical ultimageisoof all groups of R.C.
tested columns, after 7 months hardening in sufatechloride solutions, under static
load.

Table 6: Experimental and theoretical ultimate loads for all tested columns
after 7 months hardening in sulfate and chloride solutions.

Group| No.of Type of Conc.of Fouo Ultimate load, Pu, ton§
No. | columnd Admixture, | WI/C sa_lt Kg/cmz PU exp. Pu th.
dose, % solutions
C.. | Control | 0.44] 5o, | 2750 45 47.1
C,.. | DM2, .25%| 0.38] “Na,SO, | 364.7 58 60.6
A | ¢, | sm-s,.250% 041 - 371.6 57 61.9
Cs. |CMB,25%| 042 | +1% | 3812 61 63.0
Cs_. | SM-0,.25%| 0.43 | “CaCk’ [ 3536 38 58.9
C.. | Control | 0.44] .o, | 2633 42 44.6
C,, | DM2,.25%| 0.38| “Na,SO, | _358.7 56 59.7
B | ¢, | smM-s,25%| 041 " 400.4 59 60.4
Cin |CM-B,25%| 042 | +2% | 3933 66 59.3
Cs o | SM-0,.25%| 0.43 | €aCk’ [ 3553 42 59.1
Ci_s Control 0.44 6 % 258.6 39 42.3
C,_s | DM2, 25%| 0.38] “Na,SO, | 338.1 54 56.6
c | ¢, | sms,.25% 041 - 381.6 59 63.1|
Cis |CM-B,25%| 042 | +3% | 3533 55 58.8
Cs_s | SM-0,.25%| 0.43 | ‘CaCk’ [ 3553 45 59.1
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4.3.1 Ultimate loads of R.C tested columns (Group  A)

For group (A) of tested columns, which were hardeme2% NaSO, +1% CaCl
until 7 months, the suggested admixtures (type S&1¢3M-B) have a good influence
on increasing their experimental ultimate loads garaed to the control tested column
without admixtures. They increased ultimate loathid group of columns under axial
static load by about 30 & 39 % respectively comg@doethe control columns. But, the
admixture (SM-O) decreased their ultimate load bpua 14% compared to the
reference column. These admixtures, especially CMI have a good influence on
increasing ultimate loads by about 5% over thart Wigh the control plasticizing
admixture (DM2).

4.3.2 Ultimate loads of R.C tested columns (Group  B)

For group (B) of tested columns, which were hardeime4% NaSO, +2% CaCl,
until 7 months, the suggested admixtures (type S®I-SM-B) also have a good
influence on increasing their ultimate loads coregato the control tested column
without admixtures. They increased ultimate and kimgy load of this group of
columns under axial static load by about 40 & 57e4pectively compared to the
control column. But, the columns modified with adtaore (SM-O) have the same
value of ultimate load of the reference column. SEhadmixtures, especially SM-S&
CM-B, also have a good influence on increasingnate loads by about 5% & 18%
respectively over than that with the control pleigtng admixture (DM2).

It is necessary to notice that, the activity of adare type (SM-O), which fabricated
only from alkali wastes of oil industries plus dalo oxide, on increasing ultimate
loads was increased by increasing the concentraficulfate and chloride solutions
from 3% to 9 %. So, the ultimate load of this grafpcolumns modified with this

economic organic admixture had the same value efcdntrol column. But, the
control R.C. column and that modified with the cohplasticizing admixture (DM2)

showed a decrease in their ultimate load by ab@i6% by increasing concentration
of the suggested salt solutions from 3 to 9 %.

4.3.3 Ultimate loads of R.C tested columns (Group  C)

For group (C) of tested columns, which were hardeine6% NaSQ, +3% CaCl,
until 7 months, the columns modified with the suglgd admixtures (type SM-S,
CM-B& SM-O) showed a large increase in their ultiemdoads by about 51, 41, &
15 % compared to the control tested column withammixtures. These admixtures,
especially SM-S& CM-B, also have a good influenceimcreasing ultimate loads by
about 9% & 2% respectively over than that with doatrol plasticizing admixture
(DM2). Obviously, the activity of economic admixéutype (SM-O), which fabricated
only from alkali wastes of oil industries plus dalo oxide, on increasing ultimate
loads was increased also by increasing the coratemir of sulfate and chloride
solutions from 3% to 9 %. So, the ultimate loadtos group of columns modified
with this economic organic admixture increased bgua 18% than that value of the
control column ( as shown Fg. 3).

It is necessary to notice that, the increase otentnation of sulfate and chloride
solutions from 3 to 9% had a neglected influencereducing ultimate capacity of
R.C. columns, after 7 months hardening in thesalitions, modified with organic
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admixtures type SM-S & CM-B (as shown f#rg. 3). But, the increase of
concentration of sulfate and chloride solutionsrff®to 9% increased the reduction of
ultimate loads of control columns without admixtiend with the control plasticizing
admixtures (DM2) by about 14 % & 7 %, respecivel
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Fig.3: Ultimate loads of R.C. tested columns versus concentration of sulfate and
Chloride solution as affected by each type of organic suggested admixtures.

a) Columns modified with admixture (SM-S) compared to control columns
b) Columns modified with admixture (CM-B) compared to control columns
¢) Columns modified with admixture (SM-O) compared to control columns
d) Theoretical ultimate loads versus concentration of external salt solutions

So, the suggested admixtures, containing alkalitegaBom oil and cellulose paper
industries showed a good and clear effect on istmgaultimate capacity of R.C.
columns hardened in different concentrations offasell and chloride solutions
compared to the control tested columns. This magxpéained by the following: these
admixtures have the ability of forming organic lesyaround cement minerals, which
keeping amount of them {8 + GS) without hydration for a period of time. After a
period of hardening in sulfate solutions, theseanig layers destroyed and the non-
hydrated cement minerals began to hydrate in thegnce of water. So, additional
reactions occurred and amount of crystalline hydrgthase (type calcium silicate
hydrate C-S-H) was produced and filled the intepwies in the concrete specimens.
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Consequently, regulation of microstructure formatimccurred, denser and
homogeneous concrete has produced. Therefore, etencitimate and working
capacity improved in these aggressive conditions.

4.4 Calculation Of The Maximum Ultimate Capacity An  d Actual
Ultimate Strength Of R.C. Tested Columns

The theoretical ultimate capacity ¢Puand actual ultimate strength (ffof each type
of R.C. tested columns with and without admixtuseich hardened in the suggested
aggressive conditions until 7 months, were caledlaiccording to the Egyptian code
of practice and results are shownTiable 6. From Egyptian code of practice, the
maximum theoretical ultimate capacity (Puwas calculated from the following
equation:

Puth. = 0.67f{X Ac+ AsXF oo, (1)

Where: §, = cubic concrete compressive strength=Aross sectional area of each
column, A = area of steel reinforcement, ¥ steel yield stress. Also, the actual
ultimate strength of concrete (fjdor each column was calculated from the
following equation:

Paexp. =fuX Ac+ 0.44 AXF oo 2

Where: Py.exp.= experimental ultimate load of each testddmon.

The comparison between the predicted ultimate dgpat each column and that
obtained experimentally was determined and showiTaisle 6. The comparison
shows that, there is a difference between the lzkml values and the experimental
values of the working capacity.

4.4.1 Group (A) of tested columns

The experimental values of ultimate capacity ofteaéscolumns, hardened in
2 % NaSO, +1% CacCly is smaller than that calculated by Egyptian cogatout 5,
7, 3, & 35 % for columns modified with suggestednadures (DM2, SM-S, CM-B &
SM-O) respectively. But, for control tested colummgthout admixture, the
experimental ultimate capacity is smaller than fva&dicted by about 5%. But, the
actual ultimate strength for column specimens medifwith admixtures (DM2-
SM-S & CM-B) increased respectively by about 30&38% compared to the control
column. But, column modified with admixture (SM-Ghowed a decrease of its
ultimate strength of about 16% than the controlsfa®wyn inTable 6 & Fig 4).

4.4.2 Group (B) of tested columns

The experimental values of ultimate capacity ofteééscolumns, hardened in 4%
NaSO, +2% CaCl, is smaller than that calculated by Egyptian cogelbout 7, 2,
&29% for columns modified with suggested admixtu@mv2, SM-S& SM-O)
respectively and increased by about 11% with admex{CM-B). But, for control
tested column without admixture, the experimentainate capacity is smaller than
that predicted by about 6%. But, the actual ultenstrength for column specimens
modified with admixtures (DM2-SM-S&CM-B) increaseespectively by about 36,
43 & 61% compared to the control column. But, catumodified with admixture
(SM-O) showed the same value of the ultimate strend the control column (as
shown in (Table 6 & Fig 4).
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Fig. 4: Actual ultimate strength of different groups of R.C. tested columns as affected
by each type of organic suggested admixtures.

1) Control columns without admixtures (Cy.1, C1., &C1.3),

2) Columns with control admixture DM2, 0.25%(C2-1, C2-2 & C2-3)
3) Columns with admixture SM-S, 0.25%(C3-1, C3-2 & C3-3),

4) Columns with admixture CM-B, 0.25%(C4-1, C4-2 & C4-3),

5) Columns with admixture SM-O, 0.25%(C5-1, C5-2 & C5-3)

4.4.3 Group (C) of tested columns

The experimental values of ultimate capacity otadscolumns, hardened in 6%
Na,SO, +3% CaCls is smaller than that calculated by Egyptian coglattout 5, 7, 6,
& 24% for columns modified with suggested admixsu@®M2, SM-S, CM-B &
SM-0), respectively. But, for control tested colunwithout admixture, the
experimental ultimate capacity is smaller than tvatdicted by about 8 %. But, the
actual ultimate strength for column specimens medifwith admixtures (DM2,
SM-S, CM-B & SM-0) increased respectively by abddt 55, 44 & 17% compared
to the control column.

It is necessary to notice that, the ultimate stiengf R.C. columns containing
admixture (SM-O) increased with the increase ofaseland chloride solutions. But,
this concentration has a very small effect on thiEmate strength of columns
containing (SM-S &CM-B) and it has a clear effeat reducing ultimate strength of
control columns.

The difference between experimental and theoretiahles of ultimate capacity of

tested columns, hardened in different sulfate dmakritle solutions is explained by the
effect of high values of concrete compressive segswhich increase the actual
ultimate strength and consequently the theoretiakle. Also, this difference may be
due to the first bond failure between steel andcoete before the final shear failure of
the column. The positive influence of the suggestedanic admixtures on

improvement the experimental capacities of testddnens compared to the control
columns is explained by their positive effect omreasing concrete compressive
strength of tested columns hardened in these ajgeesonditions.
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45 Measured Deformations

Generally, using organic admixtures with limitedsds in the technology of concrete
increases its compressive and durability in aggresonditions and hense decreases
its measured deformations [14, 15]. This is alstced for the R.C. columns made
from normal strength concrete (250-350 kdficmith alkali industrial wastes, which
were tested in this program. Axial applied load swer longitudinal and lateral
deformation curves for all tested columns with anthout admixtures are shown in
Fig. 5.

4.5.1 Ultimate Longitudinal concrete strains ( €C1.)

Table 7 and Fig. 6a show the influence of the suggested admixturetherultimate
longitudinal concrete strain, which calculated &%8from failure load, of different
groups of R.C. tested columns. Obviously, the @tegriongitudinal concrete strain of
group (A) of tested columns containing organic adures (SM-S, CM-B &SM-O)
decreased respectively by about 67, 73 & 67% coedpaith the control column. The
best results occur with admixture containing allkadstes of cellulose paper industries
(CM-B). In the same time, column modified with tbentrol admixture DM2 showed
a decrease in its ultimate longitudinal concretaistby about 67 % compared to the
control ones.

The ultimate longitudinal concrete strain of gral) of tested columns containing
organic admixtures (SM-S, CM-B &SM-O) decreasegeesively by about 53, 31 &

20% compared to the control column. The good imftee of this group of tested

columns occurs with admixture containing alkali teasof vegetable oil industries
(SM-S). In the same time, column modified with deatrol admixture (DM2) showed

a decrease in its ultimate longitudinal concretaiistby about 40% compared with the
control ones.

The ultimate longitudinal concrete strain of gra@) of tested columns containing
organic admixtures (SM-S, CM-B &SM-O) decreasegeesively by about 40, 24 &
18% compared with the control column without admnigs. The good influence of
this group of tested columns occurs with admixtaomtaining alkali wastes of
vegetable oil industries (SM-S). In the same tice@umn modified with the control
admixture (DM2) showed a small decrease in itsndte longitudinal concrete strain
by about 3% compared to the control ones. Obvigutlg suggested organic
admixtures showed a good influence on reducingnal longitudinal concrete strain
of tested columns compared to the contralstptizing admixture (DM2). These
admixtures decreased it respectively by about 9%& 13% compared to the control
admixture.

The clear and positive influence of the suggestmitures on reducing ultimate
longitudinal concrete strain is a result of theieahanism effect on regulating the
microstructure of the hardened concrete and impnevé its impermeability and

mechanical properties. This leads to the decreblsgge pores and internal cracks in
the hardened concrete and consequently longitudindl lateral deformations of
concrete reduced.
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Fig. 5: Axial applied load versus longitudinal and latedaformation curves of
different groups of R.C. tested columns as affebig@ach type of organic suggested
admixtures
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Table (7): Experimental results of ultimate strength and measured ultimate strains for
all tested columns after 7 months hardening in sulfate and chloride solutions.

Conc. .
Type of Ultimate Long. Ul | Lat ul |09 YN Eragy

Group N0'°f< Admixture, of s_alt strength Fau/ ng.gsuai 00?1. Stral ;te‘?' mo?iillgs
No. [columng dose, % solutiong Kglcn? Fcu. | ec x 104] ec x 10 €er%14 Ec. tlcr?
Ci_1 Control 189 0.67| 26.0 3.93 5.80| 136.p
C,_1 |DM2, .25% Nzgoo 246 0.67| 8.60 5.30 3.50| 165.9

A IC.; |SM-S,.259 f‘“’l%“ 242 0.65| 8.57 5.40 7.50|1 2179
C,.1 |CM-B,.259 caCb 260 0.68| 7.30 2.20 6.90| 2429
Cs_. [SM-0O,.259 158 0.45| 8.60 2.13 6.60( 218.p
Ci_» Control 175 0.66| 19.10| 2.73 9.50| 117.p
C,.o [DM2,.25% 42?0 238 | 0.66] 11.53] 5.93] 550 156.p

B |Cs;., |SM-S,.259 fZ%L 251 0.63| 9.00 2.80 7.70( 201.p
C,.» |CM-B,.259 cacCl2 282 0.72| 13.30| 2.93 6.60| 155.p
Cs_, [SM-0O,.259 176 0.50| 15.40| 3.46 4,40 133.p
Ci_3 Control 162 0.64| 20.60| 3.33| 10.20 100p
C,_3 |DM2, .25% N 62(200 233 0.68| 19.50| 6.10 5401 124.p

C |Gz |SM-S,.259 _?3% T 251 0.66| 12.46| 3.30 6.60[ 163.p
C._3 |CM-B,.259 cacl? 233 0.66| 15.80| 2.73 2.73| 131.p
Cs_3 |SM-0,.259 189 0.53| 17.00| 4.26 3.29] 123.p

4.5.2 Ultimate Lateral concrete strains ( €clat.)

Table 7 andFig. 6b show the influence of the suggested admixturetherultimate
lateral concrete strains, which were calculate8586 from failure load, of different
groups of R.C. tested columns. Obviously, the w@dtenlaterial concrete strain of
group (A) of tested columns containing organic aduoes (CM-B &SM-O)
decreased respectively by about 44 & 46% comparetié control column without
admixtures. The good influence occurs with admixtoontaining alkali wastes of oil
industries (SM-O). In the same time, columns medifivith the control admixture
(DM2) and suggested admixture (SM-S) showed areas® in their ultimate laterial
concrete strain by about 35 & 37% respectively dkean that of the control column.
The ultimate lateral concrete strain of group (Byested columns containing organic
admixtures (SM-S, CM-B &SM-O) increased respectivey about 2.5, 7 & 26%
compared to the control column. The good influeotéhis group of tested columns
occurs with admixture containing alkali wastes efi&table oil industries (SM-S). In
the same time, column modified with the control adure (DM2) showed a large
increase in its ultimate lateral concrete strairabbdut 117% over than that of the
control ones.

The ultimate lateral concrete strain of group (€)ested columns containing organic
admixtures (SM-S& CM-B) decreased slowly by aboB%lcompared to the control
column without admixtures. In the same time, columadified with the control

admixture (DM2) and suggested admixture (SM-O) skobwnespectively an increase
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in their ultimate lateral concrete strain by ab88t& 28% compared to the control
ones. So, the suggested organic admixtures typeSS®M-B) showed a clear and
good influence on reducing lateral ultimate coresttain of tested columns hardened
in high concentrations of sulfate and chloride 8ohs until 7 months. But, the control
admixture (DM2) and suggested type (SM-O) have chibluence on improvement
laterial concrete strain of this group of testellioms.

4.5.3 Ultimate Longitudinal steel strains (  €sl.)

Table 7 andFig. 6¢c show the influence of the suggested admixturetherultimate
longitudinal steel strains, which were calculate8%26 from failure load, of different
groups of R.C. tested columns.

For group (A) of tested columns, the columns comt@ organic admixtures (SM-S,
CM-B &SM-0) showed respectively an increase of thitimate steel strain of about
29, 19 & 14% over than that of the control colurihe good influence occurs with
admixture containing alkali wastes of oil industri€SM-O). But, column modified
with the control admixture (DM2) showed a decreasiés ultimate longitudinal steel
strain of about 40% lower than that of the contrags.

For group (B) of tested columns, the columns caoiimigi organic admixtures (SM-S,
CM-B &SM-O) showed respectively a decrease of théiimate steel strain of about
19, 31 & 54% lower than that of the control colunihe good influence occurs with
admixture containing alkali wastes of oil indusdridype SM-O). Also, column

modified with the control admixture (DM2) showed decrease in its ultimate
longitudinal steel strain of about 42% lower thaattof the control ones. So, the
suggested admixture containing alkali wastes ofngilistries (type SM-O) showed a
good influence than the control admixture (type DM2

For group (C) of tested columns, the columns cainigi organic admixtures (SM-S,
CM-B &SM-0O) showed respectively a clear decreas¢heir ultimate steel strain of
about 36, 73 & 68% lower than that of the cont@lin. The good influence occurs
with admixture containing alkali wastes of cellidogaper and oil industries (type
CM-B&SM-0). Also, column modified with the contraeldmixture (DM2) showed a
decrease in its ultimate longitudinal steel str@firmabout 47% lower than that of the
control ones. Therefore, it is clear that the dffeness of the suggested admixture
containing alkali wastes of oil and cellulose paipelustries on reducing the ultimate
steel strain of R.C. columns hardened in high cotraéons of sulfate and chloride
solutions until 7 months.

The clear and positive influence of the suggeswmidtures on reducing ultimate

longitudinal steel strain is a result of their macism effect on regulating the

microstructure of the hardened concrete and impneve its impermeability and bond

stresses between steel and concrete. This leatte tdecrease of large pores and
internal cracks of cement paste around embedded istethe hardened concrete.

Consequently, longitudinal deformations of embedadd in the concrete reduced.

4.5.4 Modulus of elasticity of concrete (Ec)

Table 7 andFig. 6d show the influence of the suggested admixtureshen elastic
modulus of concrete, which was calculated as tresstdivided by the strain at 30%
from failure load, of different groups of R.C. tedtcolumns.
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For group (A) of tested columns, the columns cavitg admixtures (DM2, SM-S &
CM-B) showed respectively a large increase of tbeircrete elastic modulus of about
30, 28 & 38% over than that of the control colunihe good influence occurs with
admixture containing alkali wastes of cellulose grapdustries (CM-B). But, column
modified with the suggested admixture (SM-O) showeedecrease of its concrete
elastic modulus of about 16% compared to the cbntiomn.

a) b)
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Fig. 6: Ultimate measured deformations of different groups of R.C. tested columns as
affected by each type of organic suggested admixtures.

1) Control columns without admixtures (C.1, C1.» &C1.3),

2) Columns with control admixture DM2, 0.25%(C,.1, C,.» & C,.3)
3) Columns with admixture SM-S, 0.25%(Cs 1, C3., & C3.3),

4) Columns with admixture CM-B, 0.25%(C,.1, C4.2 & Cy3),

5) Columns with admixture SM-O, 0.25%(Cs 1, Cs.» & Cs.3)
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For group (B) of tested columns, the columns coiirtgi admixtures (DM2, SM-S &
CM-B) showed respectively a large increase of tbeircrete elastic modulus of about
36, 43 & 51% over than that of the control colurmhe good influence occurs with
admixture containing alkali wastes of cellulose grapdustries (CM-B). But, column
modified with the suggested admixture (SM-O) hasgame value of concrete elastic
modulus for the control column.

For group (C) of tested columns, the columns cairigi admixtures (DM2, SM-S,

CM-B & SM-0)) showed respectively a large increasfetheir concrete elastic

modulus of about 44, 55, 44 & 17% over than thathef control column. The good
influence occurs with admixture containing alkakstes of oil and cellulose paper
industries (SM-S &CM-B).

The positive influence of the suggested organic igidmes on improvement the

modulus of elasticity of tested columns comparedh® control columns, which

hardened in these aggressive conditions, is exqdainy their positive effect on

increasing concrete compressive strength, ultineads and bond forces between
filling materials of tested columns and decreagdimgjr concrete longitudinal strain.

Consequently, modulus of elasticity and stiffnelsthe R.C. columns increased.

4.6 Energy Absorption, Toughness And Ductility Index Fo r All
Tested Columns

Table 8 shows the influence of the suggested admixturetherenergy absorption,

toughness and ductility index of different grougdsRoC. tested columns after 7-

months hardening in sulfate and chloride solutions.

Table 8: Effect of different types of admixtures on the energy absorption and ductility
index for all tested columns after 7 months hardening in sulfate and chloride solutions.

Long. Ul Toughneg
Grpoupy No.of A-lt-jynrq)&tzfre O?g;ﬁ' Failure Congret_e abEsrc])(re[r)%i)c/)n 'I:)Cuni]/r;r;?s ?)r_
No. columng dose, o | solutions load, torjdeformatiory, toncm | X104 ductility
mm index
Ci» Control 42 3.60 10.13 3.00 1.00
C,_, | DM2, .25%| 4 % 56 2.43 9.12 2.70 0.90
B Cs;_» | SM-S,.25% N?gt% 59 3.52 13.91 4.12 1.37
C4_» |CM-B,.25% caCb 66 3.31 14.64 4.33 1.45
Cs_, | SM-0,.25% 42 3.46 9.73 2.89 0.96
Ci_3 Control 39 3.03 7.92 2.35 1.00
C,_s |DM2,.25%| 6% [ 54 334 | 12.09 3.58 1.52
¢ | Coo|Sws.250q">5% 50 | 380 | 1502 | 445] 1.9
Cs4_3 |CM-B,.25% caCh 55 3.16 11.64 3.45 1.47
Cs_3 | SM-0,.25% 45 3.50 10.55 3.13 1.33

For group (B) of tested columns, the columns comai admixtures (SM-S & CM-B)
showed respectively a large increase of their gnabgorption and ductility index of
about 37 & 45% over than that of the control coluifine good influence occurs with
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admixture containing alkali wastes of cellulose grapdustries (CM-B). But, column
modified with the suggested admixture (SM-O) andtad admixture (DM2) showed
respectively a small decrease of their energy aitisor and ductility index of about 4
& 10% lower than that of the control column.

For group (C) of tested columns, the columns cairigi admixtures (DM2, SM-S,
CM-B & SM-0)) showed respectively a large increa$¢heir energy absorption and
ductility index of about 52, 90, 47 & 33% over thidmat of the control column. The
good influence occurs with admixture containingadilkvastes of oil and cellulose
paper industries (SM-S &CM-B). This may be explaity the better influence of the
suggested admixtures on increasing ultimate loadsl@ngitudinal deformations of
the tested columns under these aggressive corglitioa to the improvement of their
microstructure. Consequently, the energy absorgiwh toughness of these columns
increased than the control ones.

CONCLUSIONS

Based on the results of the experiments carriecdboutormal strength R.C. columns
containing in their compositions different admixsarfrom alkali wastes of oil and
cellulose paper industries and hardened in diffecencentrations of sodium sulfate
and calcium chloride solutions for a period of 7ms, the following conclusions
can be drawn out:

1. Ultimate loads, stiffness, cracks, mode of failangl properties of the failure zone
of the different groups of R.C. tested columns sigmificantly affected by the
suggested admixtures and the concentration of sodiulfate and calcium
chloride solutions.

2. The final mode of failure of R.C.tested columnshaibhe suggested admixtures
was a shear failure with a small buckling of steahforcement accompanied by
crushing with low explosive sound for the failurene compared to the control
column. The failure zone region of each column gedarfrom the lower one-third
to the upper one-third part depending mainly onritve homogeneity of concrete,
type of admixtures and the concentration of sulfete chloride solutions

3. The suggested admixtures (type SM-S & CM-B ) redube height of the failure
zone of tested columns by about 37 & 29% for gr@A)p by about 22& 25% for
group (B) and by about 35 & 21% for group (C) edjvely. They also reduced
angle of the plane of shear failuré Y by about 16 & 11% for group (A), by about
8& 10% for group (B) and by about 8 & 5% for gro{§p) respectively compared
to the control column.

4. The columns hardened in high concentrations ofaglf(6%) and chloride
solutions (3%) and modified with the suggested atimes (typeSM-S, CM-B &
SM-O) showed a large increase in their ultimatel$oby about 51, 41, & 15%
respectively compared to the control tested colwmithout admixtures. These
admixtures, especially SM-S& CM-B, also have a gadtlence on increasing
ultimate loads by about 9% & 2% respectively oveant that with the control
plasticizing admixture (DM2).
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5.

10.

The increase of the concentration of sulfate ardricte solutions from 3 to 9%

had a neglected influence on reducing ultimate cfpaf R.C. columns, after 7

months hardening in these conditions, modified wiie suggested organic
admixtures. But, this increase of concentratiomaased the reduction of ultimate
loads for control columns without admixtures andhwthe control plasticizing

admixtures (DM2) by about 14% & 7% respectively.

The experimental values of ultimate capacity ofgeé<olumns, hardened in (6%
Na,SO, +3% CaCly) is smaller than that calculated by Egyptian cbgabout 5,
7, 6, & 24% for columns modified with suggestednadures (DM2, SM-S, CM-
B& SM-O) respectively. But, for control tested cwio without admixture, the
experimental ultimate capacity is smaller than {hratdicted by about 13%. But,
the actual ultimate strength for column specimermdified with admixtures
(DM2, SM-S, CM-B & SM-O) increased respectively &yout 44, 55, 44 & 17%
compared to the control column. The ultimate sttierod R.C. columns containing
admixture (SM-O) increased with the increase diaselland chloride solutions.

The ultimate longitudinal concrete strain of testmumns hardening in high
concentrations of sulfate (6%) and chloride sohgi@3%) and containing organic
admixtures (SM-S, CM-B &SM-O) decreased respecfiviey about 40, 24 &
18%. Also, the ultimate lateral concrete straitested columns containing organic
admixtures (SM-S& CM-B) decreased slowly by abo88tlcompared to the
control column without admixtures. But, columns ified with the control
admixture (DM2) and suggested admixture (SM-O) sfbwespectively an
increase in their ultimate lateral concrete stiairabout 83 & 28% compared to
the control ones.

The tested columns hardening in high concentratidresilfate (6%) and chloride
solutions (3%) and containing organic admixturdd{& CM-B & SM-O) showed
respectively a clear decrease of their ultimatelstrain of about 36, 73 & 68%
lower than that of the control column. Also, thelutons containing these
admixtures showed respectively a large increasbedf concrete elastic modulus
(Ec) of about 55, 44 & 17% over than that of thatoal column.

The columns hardening in high concentrations offasel (6%) and chloride
solutions (3%) and containing admixtures (DM2, SM=M-B & SM-0)) showed
respectively a large increase of their energy giisnr and ductility index of about
52, 90, 47 & 33% over than that of the control catu The good influence occurs
with admixtures containing alkali wastes of oil a@dlulose paper industries (SM-
S &CM-B).

The embedded steel bars of the control tested cdulmave a clear corrosion
damage and its rate increases with high conceotisitof sulfate and chloride
solutions. But, in case of columns modified withmixtures, which contain alkali

wastes from oil industries, the embedded steel lnave a little corrosion damage.
In case of columns modified with admixture, whiantains alkali wastes from
cellulose paper industries, the embedded steel e a neglected corrosion
damage for all different concentrations of salutiohs.
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