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The influence of the air-entraining agent (AEA) on a density, the volume of entrained air of
mortar mix and compressive strength of hardened mortar was studied in this article. Results show that
the addition of AEA results in the reduction of water to cement ratio to provide the targeted flow and
the density that depends on the volume of entrained air. The addition of AEA causes the decrease of
the density of mortar (C:S=1:2) by 8,2 % and the increase of the compressive strength by 13,9 % after
28 days of hardening compared to the mortar (C:S=1:2) without AEA. The further increase of a sand
content in a mortar (C:S=1:3) results in slight decrease of a density of fresh mortar and compressive
strength. If C:S ratio is 1:4 the increase of the density and the compressive strength decrease is
observed in comparison with the mortar with C:S=1:3. The obtained results show that properties of
mortar incorporating AEA depend on its mix proportion.
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Introduction

The building mortar is one of the very popular material which is used in the different construction
purposes. Many scientists devoted a lot of researches to study the properties of this material.
Mehmetogullar et al. (2020) studied the influence of a grain-size of fine aggregate on the physical and
mechanical properties of hardened mortar. The cement replacement (0-20 % by mass) with waste glass
powder was also investigated in building mortars (D¢bska et al., 2020). Air-entraining agent is used in the
most cases to improve the frost resistance of mortar and concrete. The study of the effect of air-entraining
admixtures on mortar mix and hardened mortar is of great interest from the practical and theoretical point
of view (Tebbal et al., 2018). It was also studied by many other authors, among them Atahan et al. (2008),
Chatterji (2003) and Ouyang et al. (2008). According to Du et al. (2005), Fonseca et al. (2015), Jin et al.
(2013), Struble et al. (2004) and Ugur Ozturk et al. (2016) AEA improves the workability, slump
retention ability and resistance to freezing and thawing cycles. The use of AEA results in obtaining
evenly distributed small air-voids nearly spherical and typically in the range of 10—100 pm in diameter
both in mortar and concrete which cause the reduction of such technological properties of fresh mortar as
segregation and bleeding and as a result the durability (Cultrone et al., 2005; Aitcin et al., 2015; Pigeon et
al., 1995). It is well known that building mortar has a porous structure and the ability to absorb the water
which can freeze in winter causing the expansion by about 9 % and its destruction (Blikharskyy et al.,
2021; Sun et al., 2010; Coussy et al., 2008). The presence of AEA protects a mortar against damage due
to the water freezing (Saucier et al., 1991; Babiak et al., 2018). In the previous studies it was established
that the compressive strength of concrete without AEA exposed to freezing and thawing cycles reduces
significantly (Markiv et al., 2016). It is well known that properties of a mortar depend on the its
composition. However, the effect of the mix proportion on the properties of fresh and hardened mortars
with AEA is not thoroughly studied.

That is why, the aim of this article is to study the influence of AEA and the mortar mix proportion
on the density, volume of the entrained air of fresh cement mortar and compressive strength of hardened
mortars.
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Materials and methods

Physical and mechanical properties of Portland cement CEM 1 42.5 which was used in this study
are presented in Table 1. The Tovarov device and Vicat apparatus were used to determine the specific
surface and the setting time of Portland cement, respectively.

Table 1
Physical and mechanical properties of the cement
Specific surface, 1:;3:\1](:1330? dg;:; Setting time, min Compressive strength, MPa |
m?/kg o ’ o ’ initial final 2days | 7days | 28days
() ()
325 3.1 29.0 155 205 31.2 41.3 52.1

Portland cement and fine aggregate properties were determined according to Ukrainian standards
DSTU B V.2.7-185:2009, DSTU B V.2.7-187:2009, DSTU B V.2.7-188:2009, DSTU B V.2.7-232:2010.
As the fine aggregate the sand with fineness modulus of 1.0 was used. Bulk density, voidage and the
content of dust and clay particles of fine aggregate were 1360 kg/m’, 48.3 % and 1.4 %, respectively.
Cumulative percent of sand, retained on sieves is presented in Fig. 1. Air-entraining agent with a specific
gravity of 1.02, pH=8 and solid content of 0.34 % was used in the research.
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Fig. 1. Cumulative percent of sand, retained on sieves

Four mortars (C:S=1:2, R and C:S=1:2, C:S=1:3, C:S=1:4, with 0,75 % by mass of AEA) with
different mix proportions have been prepared. Mortars were prepared and moulded according to DSTU B
V.2.7-187:2009 and their compressive strength was determined. The volume of entrained air was
determined according to DSTU B V.2.7-114-2002.

Results and discussions

The use of AEA results in entraining required amount of air bubbles which change the density and
improve rheological properties of fresh mortar as well as have an influence on the compressive strength
of hardened mortars. The addition of AEA results in the improvement of the workability of fresh mortars.
It allows to realize the technical effect of the admixture’s use to reduce water to cement ratio. The results
of the tests show (Fig. 2) that the significant reduction (by 44 %) of W/C ratio is observed for mortar with
the ratio of cement to sand 1:2. If C:S ratio is 1:3 slight reduction of W/C ratio takes place in comparison
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with the reference mortar. The further reduction of C:S ratio of mortar incorporating AEA causes the
increase of W/C ration by 26 %.
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Fig. 2. W/C ratio of mortars with the different proportions of cement to sand (F=125—135 mm)

The density of mortars (F=125-135 mm) containing AEA naturally decreases in comparison with the
reference mortar (Fig. 3). The reduction is observed for mortars with C:S ratio 1:2 and 1:3 by 8.2 and 10.6 %,
respectively. However, the density increases from 1758 to 1789 kg/m’ if C:S ratio changes from 1:3 to 1:4.
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Fig. 3. The density of fresh mortars with the different proportions of cement to sand (F=125—135 mm)

As seen from Fig. 4, the highest volume of entrained air (V=11.4 %) is observed for fresh mortar
with the highest content of cement paste (C:S=1:2). If the amount of the sand increases in mortars
(C:S=1:3; C:S=1:4), it results in the growth of entrained air from 4.9 for reference mortar to 7.4 and
7.2 %, respectively. The obtained results show that the volume of entrained air depends on the mixture
proportion.

The results of the compressive strength tests are shown in Fig. 5. The obtained values show that in
spite of the high volume of entrained air in mortar with C:S=1:2 its compressive strength is higher at all
stages of structure formation. Thus, the compressive strength increases by 16.7; 56.1 and 13.9 % after 7,
14 and 28 days of hardening. In this case the key role of W/C ratio is indicated. The increase of the sand
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content in mortars with mix proportion C:S=1:3 and C:S=1:4 and higher amount of entrained air causes
the reduction of compressive strength in comparison with reference mortar R. It should be noted that the
pattern connected to W/C ration is not retained when the compressive strength increase with the decrease
of the W/C ratio. It should be noted from the obtained results that compressive strength reduction depends
on the content of cement in mortar and mix proportion.
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Fig. 4. The volume of the entrained air of fresh mortars
with the different proportions of cement to sand (F=125—135 mm)
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Fig. 5. Compressive strength of mortars with the different proportions of cement to sand
(F=125-135 mm)

Conclusions

The effect of air-entraining agent on the properties of mortar mix and compressive strength of
hardened mortar was studied in this article. The following conclusions can be drawn:

» The W/C ratio of mortar incorporating 0.75 % by mass of AEA depends on its mix proportion and
increases with the reduction of C:S ratio by almost 1.7 and 2.3 times for mortars with the C:S ratio 1:3
and 1:4, respectively, in comparison with the mortar C:S=1:2.
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» The correlation between the volume of entrained air and the density of mortar is not strict. The
density depends on the mix proportion as well.

» The compressive strength of mortars containing AEA depends on the mixture proportion. The
compressive strength increase (by 13.9 %) for mortar C:S=1:2 containing 11.4 % of entrained air is even
observed in comparison with the reference mortar after 28 days of hardening.
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BJIACTUBOCTI PO3UMHOBUX CYMIIIEN TA 3ATBEPILIIOIO PO3UUHY
3 IIOBITPOBTAI' YBAJIBHOIO JOBABKOIO
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VY craTTi JOCIHIKEHO BIUIMB MOBITPOBTATYBAJIBLHOI JOOABKM Ha BJIACTUBOCTI OYAiBENbHUX PO3YMHIB.
3acTocyBaHHS TaKUX J00aBOK MPU3BOJMTH JIO BTATYBaHHS HEOOXITHOI KUIBKOCTI OynnOallok MOBITPS, SIKi
MOKPAIIYIOTh PEOJIOTIUHI BIACTUBOCTI PO3YMHOBOI CYMIllli, BIUIMBAIOTh HAa MILIHICTh TIPH CTHCKY 3aTBEPIIINX
OyniBENbHUX PO34YMHIB. J[OCHIIPKEHO BIUIMB MOBITPOBTATYBAJIBHOI JAO0AaBKM Ha 3MiHY BOJOLIEMEHTHOTO
BiJTHOIIICHHS, TYCTHHY, 00’€M BTSATHYTOTO IOBITPS PO3YMHOBOIO CYMILIIIIO Ta MIIHICTh HAa CTHCK 3aTBEp-
nijoro po3uuHy. OTpuMaHi pe3yiIbTaTH JOCTIIKEHb CBiAYaTh, 110 BBEICHHS MOBITPOBTATYBAJIBHOI JOOABKH
MIPU3BOJUTH JI0 3MEHILIEHHS BOJIOLEMEHTHOTO BiTHOIIEHHS, 00 3a0€3IeUNTH OTPUMAaHHS PO3IUIMBY KOHYycCa
125-135 MM 1, SIK HaCIiZIOK, TYCTUHH, SIKa 3aJEKHUTh Bill 00’€My BTSATHYTOro NOBIiTps. JlogaBaHHsS MOBITpO-
BTSITYBaJbHOI 100aBKHM CIPUYUHSE 3HIKEHHsI TycTUHH po3unHy (C:S=1:2) Ha 8,2 % Ta miqBUIIeHHs MIIIHOCTI
Ha CTHUCK, 33 paxyHOK 3MEHIIECHHsS BOJOIIEMEHTHOro BijHomieHHs, Ha 13.9 % uyepe3 28 ni0 TBepaHEHHS
NopiBHSHO 3 po3yrHOM (C:S=1:2) 6e3 NoBITPOBTATyBaNIbHOI J0OAaBKU. 30UIBIIECHHS BMICTY MTICKY B PO3YHHI 3
MOBITPOBTATYBaJbHOIO 100aBKOI0 (C:S=1:3) npu3BOAMTH 10 HE3HAYHOTO 3HM)KEHHS T'YCTHHH PO3YHHOBOI
cymii, 00’eMy BTATHYTOTO MOBITpsI Ta MIIIHOCTI Ha CTHCK 3aTBepAijaoro posumHy. [Ipm criBBigHOUIEHHI
LIEMEHTY 1 micKy 1:4 HaBITh CIIOCTEPIraeThCs NESIKe 301IBIICHHS T'YCTUHH 1 3HM)KCHHS MIIIHOCTI Ha CTHCK
MIOPIBHSIHO 3 OyniBeNbHUM pO3uMHOM 3 criBBiaHomeHHsM [[:I1=1:3. Pe3synabpraTn nmpoBeneHHX JOCITIIHKEHBb
CBiYaTh, MO BJIACTUBOCTI PO3YHHIB, SKi MICTATH MOBITPOBTATYBAJIBHY J00aBKY, 3aJie)XaTh HaWOiIbIIe Bij
CKJaJy pO34MHOBOi cymimr. TakuM YWMHOM, BHMKOPHCTaHHS MOBITPOBTSATYBAJBHUX J00ABOK JIO3BOJISIE
MOKPAIIUTH TEXHOJOTIYHI BJIACTUBOCTI PO3YMHOBUX CYMIllel Ta €KCIUTyaTalliiiHl BJIACTUBOCTI 3aTBEPIIINX
PO3YHHIB 1, SIK HACHIJOK, TX TOBIOBIUHICTb, IO BiJIIIOBI/IA€ CTPATETIi CTANIOrO PO3BUTKY B OY/IIBHUIITBI.

Kuio4uoBi cjioBa: ryctuHa, po34YHMHOBA CyMilll, CKJIQJ PO3YUHY, 3aTBEPAJIMA PO3YMH, MOBITPO-
BTATYBaJIbHA 100aBKAa, MilIHICTh HA CTUCK.



