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Discusses the results of the study to determine the effects of climatic factorsin the Middle East countries on
the strength of concrete. It was found complex positive influences on strength when increased the temperatures and
humidity at the stage of curing concrete, which means allowing to increase the strength of concrete. The experiments
were carried out on the modified concrete by superplasticizers that based on sulfonated naphthal ene formaldehyde
compounds, including applied in the Middle East. Production samples of concrete, stored and tested them is in
according to operating normative documentsin territory of Belarus and the American standards.

Introduction. Modern technologies are based on the use of saptitfiers, as their use provides constructions
with high running qualities. To meet the requireitsesf concrete motility to slow the process of cahigydration
in hot climates it is advisable to use superplasis as separate supplementsor to get her wignargretarders.

Superplasticizers belong to additives regulatirg galities of concrete mixtures according to ASTM
C 494, BS 5075 and EN 934-2 classification anchéofirst group due to extremely high dilution effe€ con-
crete mixtures without strength decrease at ajjest@f the test.

The most widely used additives based on sulfonagghthalene formaldehyde compounds, Agiplast and
Chriso fluid (France), Cormix (United Kingdom), LamD and PSP (USA), Mighty (Japan), Fluimax (Italy)
Sikament (Sweden) and complexes there of belotiggtdirst group. Superplasticizers are introduced concrete
mixtures in the form of water solutions of workiaghigh concentration — additive content equal@.th..1.5 %
of the weight of cement, which makes the motilifyconcrete mixture by 3...4 times higher than the iitgb
of the test composition and reduces the water obmieconcrete 15...25 % along side with the increafsies
compressive strength 15...20 % [1].

C-3 additive is the most widely produced in CIS moies. It is a synthetic substance derived from
polycondensized products of naphthalene sulfonidsaand formaldehyde. Superplasticizer in a rabenf0.35
to 0.7 % of the weight of cement, makes it possiblproduce highly movable, workable concrete missufrom
2...4 t0 20...22 cm without decrease of its strengthah also be used to reduce the flow of wateoirceete to
increase its strength [2].

Organic superplasticizers CF110 (according to ASTM94 — type F) based on naphthalene polymer and
CF92 (according to ASTM C 494 — type G) based ghttamlene sulfonate in combination with retardea edte
from 0.5 to 0.6 % of dry matter by the weight ofremt. These additives are widely used in the MidgHst.
Typical dosages of superplasticizers, used to aseréhe workability of a concrete mixture, are 1liteds of additive
per cubic meter of concrete, if they contain aillgauperplasticizer about 40 % of active substd8¢ced].
Superplasticizers CF110 (type F) and CF92 (typeu®)manufactured by «<SODAMCO-WEBER COMPANY »
Beirut (Lebanon). The company «<SODAMCO-WEBER COMPANSs one of the leaders in the manufacturing
of chemical additives for various purposes in tement and concrete in the Middle East.

Climate, temperature, humidity as well as modifyauglitives have a significant influence on the ijeal
of concrete mixture and concrete. The resultedrakfactors render significant influence on mopilitf concrete
mixture at the time of placing in the formwork afteansportation and properties of the concretenduits
curing after placing [5].

The study of temperature and humidity influenceconcrete mixtures and concrete during their pradnct
and their treatment is extremely important for kieldle East. A proper way of concrete treatmentvjgtes its
strength and gives lots of economic benefits, wisdhe key argument in building.

The procedure of the study. The effect of additives on the properties of coteraixtures and concrete
is studied in accordance with the provisions of #@ST 24211 [6], ASTM C 494 [3; 7]. The mobility obncrete
mixture has been determined using a standard aoi$38 1035 [8].

The compressive strength of concrete explored ditapto the procedure of GOST 10180 [9]. The sample
before the strength test were stored in the chasvatéemperatures +20 2Qand +35 + 2C with humidity 60...65 %,
and more than 95 %, also in water. Determine tleeame density of concrete in according to GOST Q27R.0].

Experimental part. The first stage of the experiment, investigatedetfiects of superplasticizers on the
basic properties of concrete mixtures and congritelsiding manufactured concrete mixtures and ewlshmples
of concrete with reduced water-cement ratio. Thelystwas carried out using Portland cement CEM 542.
of 350 kg per 1 th GOST and ASTM methods were applied to identify pnoperties of concrete mixtures and
concrete under different humidity conditions, stmraof samples. The study of the climatic conditiofghe
Middle East has allowed to establish significarffedénces in indicators of humidity, even withiretsame
country, for example Lebanon, which depends oncsedsne of day, relief place, location relativesea, etc.
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The first trial of concrete samples according te (BOST methodis stored in a special chamber with
temperature of +20 + 2 and humidity of 95...98 %. The density of concrateges between 2444...2449 k§/m
The results are summarized in table 1.

Table 1
The physical and mechanical characteristics ottimerete mixture and concrete

Compressive strengtfh,

. . 0 -
Number Type of admixtures Consumptlop admixtures, %, WwiC Mobility, MPa, at the age of
of sample of the weight of cement cm
7 days 28 days
1 Without admix. — 0.55 4...5 24.4 30.5
2 Superplasticizer C-3 0.6 0.55 20...21 24 .4 30.8
3 Superplasticizer CF110 (type [F) 0.5 0.52 21...22 24.3 30.2
4 Superplasticizer CF92 (type G) 0.5 0.52 21...p2 267 33.4

Superplasticizer C-3 was added in a portion of%.6f the weight of the cement, which increased the
mobility of concrete mixture to 20...21 cm. When gssuperplasticizers CF110 (type F) and CF92 (typesi@ilar
performance was achieved on mobility of concretadiging additives with the amount of 0.5 % of theght of the
cement. The density of control composition and expntal concrete samples ranges between 2444.. 12fA9.

It should be noted that using less additives of XDHtype F) and CF92 (type G) (compositions 3,lighty re-
duced water consumption, compared with the comiposi.

Using superplasticizers allows to increase the fitphif the concrete mixture 4...5 times compared to
the control composition and at the same time dell-strength concrete at the age of 7 and 28 days.

According to ASTM method, the samples are storedater until the strength test is made. To provide
such conditions, the formwork is not removed frdma structures for two weeks with ensuring permaspray-
ing structures by water or making a water pondingh® surface of structure. Table 2 shows the tesdistudy
on the basic characteristics of concrete mixtuce@mcrete.

Table 2
The physical and mechanical characteristics ottimerete mixture and concrete

. . o Compressive strengtih,
0,
Number Type of admixtures Consumptlop admixtures, %, W/C Mobility, MPa, at the age of
of sample of the weight of cement cm
7 days 28 days
1 Without admix. - 0.55 4..5 27.2 37.6
2 Superplasticizer C-3 0.6 0.55 20...21 24 9 33.6
3 Superplasticizer CF110 (type [F) 0.5 0.52 20...21 29 35.8
4 Superplasticizer CF92 (type G) 0.5 0.52 19...20 30 723

After storage in water, concrete strength indicatith admixture C-3 (composition 2) at the age of
7 days of control composition, values below by [21Ba. For concrete that contains superplasticizeZt10
(type F) and CF92 (type G) (compositions 3, 4), strength values are slightly higher than the iathc of
control composition ranging from 1.8 to 2.8 MPapetively. In this case, the strength of compmsii exceeds by
20 % the value of composition 2.

At the age of 28 days, strength values of compmsifi and 4 are almost equal, and the strength of
composition 3 is 1.8 MPa less. It should be notexd the strength value of concrete with the addgioef C-3
is less than 10 % compared to the value of comtroiposition 1.

The comparison of the results of strength testsamples, according to the methods GOST and ASTM
revealed that at the age of 7 days, the controlposition 1 and compositions 4, 6 with additives OF {type F)
and CF92 (type G) (table 2) have a strength of 28..MPa higher than the strength values of similar
compositions in Table 1, which are 11...19 %. It dddae noted that the strength values of composition
tables 1 and 2 are equal.

At the age of 28 days, the strength value of cortwmposition 1 depending on storage conditionferif
by 7.6 MPa, i.e. the strength value increases bya28uring storage the samples in water. The strengt
compositions 2, 4 with increased mobility of conermixture during storage in water, slightly inses by 11 %
higher than the strength values of samples whiohedt at the chamber, while for the compositiont® t
growth of strength is 19 %.

As a result of comparative tests (tables 1 andh®) storage of the samples in water is more intensi
than when in the chamber, this dependence is péatly evident during the period from 7 to 28 dayegard-
less the presence of plasticizing additives incinecrete composition.
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It should also be noted that in depending on thréldrzing conditions and the type of superplastigizer
kinetics set of concrete strength is different.

Manufacture and storage of concrete samples ahpetature of +20 + 2 °C and humidity of 60...65 %
refers to the basic temperature and humidity coomkt in Lebanon and Qatar, which influences on the
strength of concrete. Such temperature and humidgime correspond to winter climatic conditionSBiairut
city (+16 °C of temperature and 55...60 % of humigignd in Doha city (+22 °C of temperature and 52 %
of humidity). The results of study are shown inl¢aB.

Table 3

The physical and mechanical characteristics ottmerete mixture and concrete

. . o Compressive strength,
0,
Number Type of admixtures Consumptlo_n admixtures, %, wiC Mobility, MPa, at the age of
of sample of the weight of cement cm
7 days 28 days
1 Without admix. — 0.55 4...5 23 29.7
2 Superplasticizer C-3 0.6 0.55 20...21 19.3 25.2
3 Superplasticizer CF110 (type|F) 0.5 0.52 21...22 23.7 28.1
4 Superplasticizer CF92 (type &) 0.5 0.52 21...p2 232 265

The strength indicators of concrete containing gulpsticizers CF 110 (type F) and CF92 (type G)
(compositions 3, 4) and control composition 1 & #ge of 7 days are almost equal — 23...23.7 MPafand
concrete with additive C-3 (composition 2) the aador of strength lower than the indicators of cointompo-
sition 1 and compositions 3, 4 by 3.7...4.4 MPa, Wwlace 16...19 %.

In a comparison of the results obtained by deteentire strength when storing samples as described
GOST (storage in chamber) with temperature +2C0€& 2nd humidity 60...65 %, it is established thahatage
of 7 days the indicators of concrete strength ohgositions 2 and 4 (see table 3) is less thanrtieators of
similar compositions in table 1 by 5.1...3.5 MPa, ethare lower by 21 and 13 %, respectively. It stdag
noted that the indicators of concrete strengthoofigositions 1 and 3 in tables 1 and 3 are almasileq

Similar tendency for the experimental compositisinength of concrete is observed at the age 06$8.d

As a result of analysis table 1 and 3, it can bekemled that the concrete strength indicator ibdrigvhen
the samples are stored under humidity of 95...98 &t tf 60...65 %. This dependence is noted at 7 ardhg8
regardless to the presence of plasticizer addiiivébe concrete composition. Also, it should bé¢edothat the
decrease of humidity from 95...98 % (table 1) to 6(&.% (see table 3) has a negative influence on etacr
strength of compositions 2, 3 and 4. Compositioith superplasticizer C-3 and additive CF92 (typea@ the
most influenced when decreasing the humidity frdm .98 % to 60...65 %.

Comparing the test results (table 2 and 3), ibisfl that the humidity conditions of samples sterhgve
a significant impact on the strength of concretee @ecrease of strength is observed in composi#ip8sand 4 at
the age of 7 days, which is 22, 18 and 23 %, rdisphe with raised the mobility of concrete mixtur&ccording
to test results at the age of 28 days, has beéncagase indifference between the values of coaectength
compared with the indicators at the age of 7 daks. decrease in strength of control compositior {able 3) is
21 %. The indicators of compositions 2, 3 and fediby 25, 22 and 29 % respectively.

Analysis of the data of tables 2 and 3 shows thatdompositions containing superplasticizers age th
strongest influenced by humidity conditions durihgir storage. For such a decrease in strengtloiérete
ranges between 22...29 %.

In the second stage of research to study the mfief humidity conditions on hardening concretes wa
carried out at ambient temperature of +35 * 2 °fis Temperature is dominant in several regiondhefMiddle
East in the summer times. The individual trial ohcrete is stored at a chamber with humidity of @8..% at
an ambient temperature of +35 + 2 °C. The resiiltsi® study are shown in table 4.

Table 4

The physical and mechanical characteristics ottimerete mixture and concrete

. . o Compressive strength,
0,
Number Type of admixtures Consumptlop admixtures, %, W/C Mobility, MPa, at the age of
of sample of the weight of cement cm
7 days 28 days
1 Without admixtures - 0.55 4..5 27.8 34.7
2 Superplasticizer C-3 0.6 0.55 20...21 29.1 33.6
3 Superplasticizer CF110 (type|F) 0.5 0.52 21...22 31.6 36.2
4 Superplasticizer CF92 (type &) 0.5 0.52 22..23 133 383
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After 7 days storage at a temperature #35tHe value of concrete strength with additive @@nposition 2)
insignificantly more than the value of control camsjtion. At the same time the strength of the cositipms 3,
4 are higher by 14 and 19 % respectively.

At the age of 28 days, the growth of strength oftaml composition equal 25 % with respect to thai-in
cator at the age of 7 days. The strength of cortipas# with superplasticizer CF 92 (type G) is 10higher
than the indicator of composition 1, and composgiig, 3 is approached with the value of control position.

It should be noted that the kinetics strength impositions with additives is slightly lower tharattthe
control composition. It means that the increassti@ngth in concrete at the age of 28 days valyeisibh..18 %
with respect to the values at the age of 7 days.

Analysis of the data in tables 1 and 4 allowedstaglish a beneficial effect on the kinetics stthnghen
increased the temperature till +35, this indicator corresponds with summer conditionBeirut and winter in
Mecca. At the age of 7 days, the increase of stheimgcompositions with additives values by 19...3Bgher
than those in table 1.

During the tests at the age of 28 days, the greaffect of increasing the strength concerning ysdat
temperature storage of samples +85i8 achieved on the concrete with additives CFitype(F) and CF92
(type G) and values by 20 and 15 % respectively.

Next, we will review the results to determine theesgth of the samples stored in water in accortting
ASTM method. The results of studies on the basaratteristics of concrete mixture and concretesamvn
in table 5.

Table 5

The physical and mechanical characteristics ottmerete mixture and concrete

. . I Compressive strength,
0,
Number Type of admixtures Consumptlo_n admixtures, %, W/C Mobility, MPa, at the age of
of sample of the weight of cement cm
7 days 28 days
1 Without admixtures — 0.55 4...5 30.5 44.5
2 Superplasticizer C-3 0.6 0.55 19...20 29.8 41
3 Superplasticizer CF110 (type F) 0.5 0.52 19...p0 832] 416
4 Superplasticizer CF92 (type G 0.5 0.52 21...p2 36.3 47.9

As a result, storage of samples by the method GfM\@in water) at a temperature +35 + 2 °C shows tha
the strength indicators at the age of 7 days fonpmsitions 1 and 2 virtually identical. At the satimae the
strength of composition 4 with additives CF92 (typeexceeds the value of control composition byd 9

At the age of 28 days the strength indicators ofipasitions 2, 3 slightly less by 2.9...3.5 MPa coregar
with composition 1, and the strength of compositdoaxceeds the control composition by 3.4 MPa.h&tsame
time the strength value of composition with addit®F 92 (type G) is 17 % higher than compositioas@ 3.

During the study of the kinetics strength of comeres noted that the increase of strength in abntr
composition at the age of 28 days is 46 % with eespo the indicator at the age of 7 days. Theciaidir
corresponds to 27...38 % for the compositions thataia additives.

A comparative analysis with the results of tableh®ws that the increase in strength in the comipasit
in table 5 at the age of 7 days is higher by 12.92%5nd 16...29 % at the age of 28 days.

Thus, storage of samples by ASTM method at a temyrer +35 € can improve the strength characteristics
of concrete up to 29 % by depending on the apglatitives — superplasticizer.

Considering various humidity conditions of stordtgble 4 and 5), it should be noted that at 7 denes,
strength of samples which stored in water, is djgimcreases by 0.7...3.2 MPa compared with concatte
relative humidity of 95...98 %.

The essential difference is observed at the agg8alays. So the strength of control compositios 1 i
increased by 28 % when stored the sample in water.strength increases in composition 2 with addiC-3
by 22 %. Strength of compositions 3 and 4 (tableX®eeds the same compositions in table 4 by 1328
respectively. Thus, the storage of samples in wiatarences positively on the kinetics of growthsifength
at elevated temperatures.

The next trial of concrete samples stored at a ¢égatpre +35 £ 2C and humidity 60...65 %, which is
similar to the climatic conditions of Beirut in tlsemmer (temperature +32,°humidity 55...60 %). Table 6
shows the results of studies on the basic chaistitsrof concrete mixture and concrete.

Analysis of the strength results at the age of ysddows that the control composition and compmssti
that contain additives insignificantly differ by30..1.6 MPa. The same tendency is observed in 28. diais
noted a slight increase in strength at the ag8afa/s is 8.12 % with respect to the values at the age of B.day
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Thus, when the humidity is 60...65 %, concrete g#iesbasic strength during the first 7 days. Thiedgtowth
of strength significantly slows down.

Table 6

The physical and mechanical characteristics ottmerete mixture and concrete

. . - Compressive strength,
0,
Number Type of admixtures Consumptlop admixtures, %, WwiC Mobility, MPa, at the age of
of sample of the weight of cement cm
7 days 28 days
1 Without admixtures - 0.55 4..5 28.6 31.3
2 Superplasticizer C-3 0.6 0.55 20...21 27.5 30.9
3 Superplasticizer CF110 (type|F) 0.5 0.52 21...22 28.9 32.2
4 Superplasticizer CF92 (type &) 0.5 0.52 21...p2 30.p 327

By comparing the strength values with table 4 isesbed insignificant decrease in strength of coriapos
tions 2, 4 at the age of 7 days at a humidity af .68 %. In the subsequent period of storage befweage of
28 days, increase in strength is more intensividéncompositions 1, 4 (table 4) than in those biet®. So the
increase of strength of control composition 1 ibléad is 14 %, but in table 6 is 9 %. For compositB that
contains superplasticizer CF110 (type F) the irswda strength equal 20 % and 11 % respectively,fanthe
composition 4...16 % and 8 %, i.e. exceeds 2 times.

A comparative data of tables 5 and 6 reveals thiteaage of 7 days, the strength of compositioaad 2,
with a humidity of 60...65 % is respectively lower by and 2.3 MPa. However, for compositions 3, &s¢h
values are more significant and equal 14 and 18=%fectively.

At the age of 28 days, the strength indicatorsosfigositions in table 5 significantly higher thae tralues
of concrete samples in table 6. For control contjoosil, the increase in strength during storageater is 42 %.
The strength of compositions with additives C-3 &i€ll10 (type F) differs by 33 and 29 %, respecyivEhe
greatest increase in strength of samples whicledtior water more than of those that stored undemaidity of
60...65 %, especially in composition 4 which is 46 Blaus, improper humidity harms the strength of cete
and negatively influences the bearing properties cbnstruction (the temperature conditions equ8bt T and
the rate of strength decreases by 40...50 %).

The analysis of tables 3 and 6 revealed that dedipé humidity of 60...65 % when stored samples with
raising the temperature till +3% Pprovides a positive effect on the growth of coterength.

So at the age of 7 days, the strength of compasttias 24 % higher. The strength for concrete with
additives CF110 (type F) and CF92 (type G) increase 22 and 30 % respectively. The greatest effect
increasing the strength is observed in composttiancontains additive C-3 and equal 42 %.

As a result of studies, a considerable influenchuwhidity on the strength of concrete samples &b
observed, it also be noted that the raise of teatper up to 35 °C has a positive effect on thengtreindicators.

In some cases, an increase in temperature hefsrpensate the negative impact on the strengtbrof ¢
crete during storage samples at low humidity.

Conclusion

According to the results of analysis representadlites 1-6:

1) when the samples were stored in water in acgptd ASTM method, the increase in strength is 19.%
higher than of those that were cured in a sped¢iamber in according to GOST method. Such a tendancy
extremely high from 7 to 28 days regardless topttesence of plasticizer additives in concrete;

2) the decrease of humidity from 95...98 % to 60...6Tégatively influences on the modified concrete
strength. At the age of 7 days the strength deesetis 13...21 %, and at the age of 28 days — 8...28 k.
observed that the modified concrete strength aateeof 28 days is 22...29 % lower than that of theeee
stored in water;

3) raise the temperature to +36 positively influences on the samples. So whenestdhe samples
in humid conditions as described GOST the increafsstrength at the age of 28 days is 15...20 %, and
as described ASTM — 16...29 % compared with the sasnglored under a temperature of +20 Ih spite of
low humidity, 60...65 %, the increase of concretersgth is more effective under a temperature ¥3%han
under +20 €, which is 24...42 %;

4) in according to GOST and ASTM, the analysiglohatic characteristics of the Middle East and the
storage methods of concrete samples before teieng allowed to determine the range of variatiorthie
parameters of temperature and humidity with maxinapproximation to natural of weather in Lebanonjdsa
Arabia and Qatar. It is found that the increase lwoed of temperature to +35 °C and humidity up @@ 2o
shows a positive effect on the strength of the fidliconcrete and concrete without additives. Ttaedase of
concrete strength which stored under a temperafur20 T and humidity of 60...65 % values from 50 to 80 %;
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5) the greatest increase of strength is achieggdrdless to the temperature when concrete sampges
stored in water, but such conditions of hardeningonstruction sites in the Middle East countries @ossible
due to preservation of structural elements in trenfvork up to 10...14 days, which entails reductiorthie
turnover of the formwork and requires the use ofda volumes of formworks for each object understarc-
tion, and thus high financial costs for construgtio

6) a significant effect of using superplasticizailpws to increase the motility of modified coneret
mixture by 4...5 times, while maintaining the reqdirgtrength of concrete. Superplasticizers CF110e(ty)
and CF92 (type G), according to the results ofystfctheir effect on concrete mixtures and concoetmpared
to superplasticizer C-3, are more effective andvallo get equally movable mixtures by using fewadiaves.
Concretes modified by superplasticisers CF110 (fpand CF92 (type G), shows a less sensitivity igm-
perature and humidity conditions of hardening armimh of strength compared to concrete that comtantdi-
tive C-3. At all stages of the study, compositiavith additives CF110 (type F) and CF92 (type G) bhaudgher
strength indicators than those without additived aith superplasticizer C-3.
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Hocmynuna 05.06.2015

OCOBEHHOCTHU HABOPA ITPOYHOCTHU MOJNPUITUPOBAHHBIMHN BETOHAMUA
B KIMMATHYECKHX YCJOBUAX CTPAH BJIMKHEI'O BOCTOKA

M. TJIAHCC: kano. mexn. Hayk, ooy. A.A. BAKATOBHY
(ITonouxuii zocyoapcmeennvlii yHueepcument)

Paccmampusaiomes peynvmamul ucciedo8anuil no YCMaHoGLeHUIO GIUSHUSA KIUMAMUYECKUX Qakmopos
cmpan Brudicneco Bocmoxa Ha npounocms 6emona. Ycmano61eHo KOMNIEKCHOe NOJONCUMETbHOE GNUsHUe NO-
BbIULEHUSL GILAXCHOCU U MEMNEPAmypsl Ha dmane yxo0d 3a 6emoHOM HA NPOYHOCHb, NO3BONAIOUee ZHAYUMETb-
HO NOGbICUMb RPOYHOCHb OEMOHA. DKCnepumeHmvl npogoounu Ha OemoHax, MOOUDUYUPOBAHHBIX CYNepnIa-
cmuguKamopamu Ha OCHO8e CylbPUPOBAHHBIX HADMATUHPOPMATLOCSUOHBIX COCOUHEHUTL, 8 MOM YUCAe NpumMe-
Haemolx u Ha Bnuscnem Bocmoke. O6pasyvl 6emona uzeomagiuéanit, Xpanuau i UCHbIMbIEAU CO2LACHO Oetic-
BYIOWUM HOPMAMUBHBIM OOKYMeHmam na meppumopuu Berapycu u no amepukanckum cmandapmam.

114



