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Abstract‖:  

This study focused on the strength of a new kind of primary lightweight cement manufactured mostly from sintered fly debris. Different 

considerable series' water retention, water entry, and freeze-defrost opposition were all thoroughly evaluated to determine their overall 

strength. A scanning electron microscope (SEM) was used to examine the microstructure of several cements (SEM). It was determined 

that mc = 0, 17, 18, and 24-25 percent, total reviewing (4/8 and 6/12 mm), and the water-to-solidify proportion (w/c = 0,55, and 0,37 

percent) were all factors in the evaluation of strength. Each set of cement is distinct because of the varied fixes used. From 25.0 to 83.5 

MPA, and from 1470 to 1920 kg/m3, the strength of the material grew at a comparable rate. Compared to usual weight cements, 

lightweight cements were shown to have the same water porousness and more solid freeze-defrost resistance. Use a tightly pressed 

concrete grid while using lightweight cement to reduce the overall moisture content of the finished product. In addition to concerns 

about the concrete grid's entire volume, there are concerns about how much concrete is in it, and how strong the concrete is. 

“Keywords:durability; lightweight concrete; lightweight aggregate; sintered fly ash; moisture 

content;compressivestrength;waterabsorption;waterpermeability;freeze-thawresistance;microstructure 

Introduction” 

These days, structural designers often use main 

lightweight total cement (LWAC) because of its 

less weight. When using LWAC as an alternative to 

SNA, it is a good rule of thumb (NWAC). Using it 

provides longer ranges, less weight, and greater 

protection from the cold. Included in them are 

skyscraper buildings, sports and entertainment 

lobbies and a variety of other public and 

specialized constructions, including parking 

structures, scaffolding, viaducts and tanks. As a 

result, it may be used in both precast and solid 

construction projects.Considering LWAC as a 

structural building material that conforms to 

sustainable development principles significantly 

better than NWAC is important. For starters, 

manufactured aggregates like sintered fly ash or 

blast furnace slag are used to make structural 

lightweight concrete.As a second benefit, LWAC's 

superior thermal insulation helps to reduce the 

amount of energy used to heat and cool the 

structure. Thirdly, structural lightweight concrete's 

probable superior durability in contrast to NWAC 

considerably helps to sustainability because of the 

reduced costs of construction, maintenance, and 

repair.“SpecificityofLightweightAggregateConcret

e’sDurability”In theory, LWAC might have a longer 

lifespan because of its structural regularity. Inner 

water restoration, improved material similarity of the 

composite sections (permeable concrete grids, 

permeable total) and an enlarged bond are all features 

of the lightweight total (LWA). It is possible to 

leverage the pozzolanic reactivity of several LWAs 

[4–10] to attach the lightweight total to concrete glue 

in many ways, including mechanical interlocking, 

ingestion of water/concrete glue from fresh cement, or 

a combination of the two.Because of the increased 

structural homogeneity that structural lightweight 

concrete provides, structures constructed with it are 

less prone to break as a result of shrinkage, creep, 

thermal deformation, or pressures. Therefore, LWAC 

may be used in construction without cracking under 

numerous conditions. In order to assess LWAC's 

durability, standard tests employ very small, unloaded  
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specimens that do not account for this crucial aspect. 

Thus, structural lightweight concrete's capacity to 

withstand long-term exposure to the elements is not 

fully realized in the testing process. 

Although the durability of structural lightweight 

concrete is a difficult challenge, the effect of material 

and technical variables on LWAC's performance may 

be more complex and difficult than in the case of 

NWAC. Data on lightweight concrete's long-term 

durability is inconsistent because of these 

inconsistencies. In most cases, LWAC is more fire 

resistant than normal-weight concrete. In terms of 

water permeability and chloride penetration 

resistance, there is no apparent trend in carbonation 

research. Diverse aggregate qualities (especially 

LWA's porosity structure and water absorption) and 

concrete preparation methods, such as initial 

aggregate pre-wetting, might account for these 

discrepancies in study findings. 

“WaterTightnessofLightweightAggregateConcrete

s” 

Despite the fact that lightweight cements often 

consume more water, their water tightness may be 

equivalent to or even greater than that of standard 

weight cements, despite the fact that this is the case. 

Several recent studies have demonstrated that when 

the concrete grid is quite close (w/b 0.4) and totals 

with relatively low water intake (WA24h 10-15 

percent) are utilized, LWAC and NWAC have about 

the same depth of water entry under tension. As 

proved by Liu et al. (w/b = 0.20), a tight concrete grid 

(w/b = 0.20) supplied even lightweight cement truly 

waterproof when combined with high water ingestion 

particles like WA24h extended mud (12-30 percent) 

or WA24h extended glass (28-52 percent). By 

substituting a standard weight total with a lightweight 

total with more noticeable water intake than that of 

most false totals (WA24h = 27-32%), in the range of 0 

to 100%, the water porousness of cement may be 

lowered. However, an increase in water porosity was 

associated with a greater LWA focus, regardless of 

the kind of concrete glue used. Replacement of 

regular sand with its light-equivalent had the same 

impact, according to Liu and colleagues. According to 

Zhang and Gjorv's research, the concrete and mineral 

additives used in lightweight construction affect the 

material's water porousness. Similarly, between 500 

and 600 kg/m3 was considered to be the appropriate 

concrete focus for lightweight cement. Lightweight 

cements' watertightness deteriorated beyond this 

point. When cool-bound LWAs, for example, are 

included in the open pore structure totals, LWAC is 

bound to penetrate water deeper than NWAC of equal 

content. 

MaterialsandMethods 

All twelve concrete combinations were tested. In 

addition to the water–cement ratio, coarse 

aggregate grading, and the initial moisture state, 

water content in the coarse aggregate also varies 

(oven-dried, wet, or saturated).Effective W/C ratio 

of current lightweight concrete is likely lower than 

nominal values because of its capacity to absorb 

water from cement paste.According to [9], the 

effective water–cement ratio must also be taken 

into consideration while computing this figure. 

ConstituentMaterials 

Polish-made Lytag was utilized as the coarse 

material in this project (Figure 1). It was made by 

heating fine coal to around 1250°C, then mixing it 

with fly ash to make an aggregate for use in 

concrete and other construction applications. It is 

shown in Table 1 how much water is ingested by a 

sintered fly and how much mass crushing 

resistance a sintered fly has according to European 

Standards EN 13055-1, EN 1097-3, and EN 1097-

6.On the other hand, aggregate and cement's 

chemical make-up are listed in Table 2. For 

structural lightweight concretes, this aggregate was 

chosen because of its great bulk crushing 

resistance. For both the 6/12 and 4/8 mm fractions, 

the total water absorption was 24.3 percent and 

25.3 percent after 72 hours of immersion in water, 

respectively. Concrete under water-saturated 

situations called for the use of these values as 

fractional moisture contents. ―Once again, the 

moisture content was found to match LWA water 

retention rates, which were 17 percent for the 4/8 

mm component and 17 percent for the 6/12 mm 

piece after an hour of water immersion.Selected fly 

ash aggregate fractions' long-term water absorption 

trends are shown in Figure 2.‖ 



 

(b) 

―Figure1.Sinteredflyashaggregate:(a)fraction4/8mmand(b)fraction6/12mm. 

Table1.Propertiesofsinteredflyashaggregatesusedforlightweightaggregateconcrete(LWAC). 

 

 

 

 

 

Fraction 

SpecificDen

sity, 

ParticleDen

sity, 

BulkDensit

y, 

WaterAbsorptio

n 

Max.WaterAbs

orption, 

CrushingResist

ance, 

 kg/m3 kg/m3 kg/m3 after24h,% % MPa 

4/8mm 2490 1320 730 19.3 25.3 8.0 

6/12mm 2490 1340 720 18.8 24.3 7.2 

 

Table2.ChemicalcompositionofthecementandlightweightaggregateusedforLWAC. 
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Lytag 2.2 58.0 22.0 3.1 0.3 1.4 0.9 <4 

 



 

Figure2.Thedevelopmentofwaterabsorptionofasinte

redflyashaggregateovertime.‖ 

―In addition to Portland cement CEM I 42.5 R (see 

Table 2), natural sand was included as a fine 

aggregate in the concrete mixes, as was tap water. 

In addition, a superplasticizer (SikaViscoCrete 3) 

was added to combinations with a reduced water-

to-cement ratio. 

Results 

Table 6 shows the density and compressive strength of 

the tested concretes under oven-dried and water-

saturated conditions. As expected, the characteristics 

of the concretes changed as a function of their diverse 

compositions. From 1470 to 1920 kg/m3, they had a 

density of 1470 kg/m3 and a strength of 25.0 to 83.5 

MPa. Between the average density of samples and the 

actual sample density, there was a 20 kg/m3 

difference for each series.‖For compressive strength, a 

standard deviation and mean value of 0.05 were found 

for all light-weight concretes and both cement matrix 

kinds, whether specimens were tested in dry or 

saturated conditions. Stabilization coefficient (0.06–

0.07) was found to be somewhat greater in the first-

saturated-aggregate-concrete systems (1s, 1S, 2, 2S). 

On the other hand, the low coefficient of variation 

figures suggest that all tested concretes and their 

matrices are very homogenous in terms of strength. 

―Table 6.Mean values of the basic properties of sintered fly ash aggregate concretes, determined at28days. 

MixDesignation Dm1,kg/m3 Dm2,kg/m3 fcm1,MPa Sf1,MPa fcm2,MPa Sf2MPa WAm,% SWA,% 

1d 2160 1800 56.1 2.4 62.3 3.8 10.0 0.05 

1m 2000 1630 45.6 2.5 48.5 2.2 12.9 0.05 

1s 1810 1470 25.1 1.8 25.0 1.7 21.9 0.05 

1D 1990 1820 53.2 2.9 59.6 3.0 9.4 0.00 

1M 1990 1620 42.1 2.3 45.0 2.0 13.0 0.09 

1S 1930 1500 30.3 1.9 30.1 2.2 18.7 0.05 

2d 2040 1920 71.0 3.3 83.5 3.8 6.1 0.08 

2m 2110 1720 59.5 2.5 64.0 3.6 11.7 0.09 

2s 2050 1600 40.8 2.8 40.4 3.0 18.1 0.05 

2D 2030 1920 69.8 3.2 79.4 2.9 5.6 0.05 

2M 2100 1720 53.4 2.5 58.5 2.9 11.2 0.09 

2S 1980 1560 32.3 2.2 32.0 2.0 16.7 0.12 



matrix1 2040 1750 43.2 2.1 45.5 2.3 14.4 0.05 

matrix2 2160 1970 60.1 3.3 63.3 3.3 10.3 0.09‖ 

the mean density; the mean compressive strength (fcm); the mean water absorption (WAm); and the mean 

standard deviation for compressive strength (Sf) There are two types of SWA: saturated and oven-dried. SWA is 

used to describe the standard deviation of absorption measurements. 

All of the tested concretes were deemed structural 

and lightweight by EN 206 standards. Strength and 

density classifications varied from LC16/18 to 

LC60/66 and D1.6 to D2.0, respectively. 

WaterAbsorption 

The average findings of the trials on water 

absorption are shown in Table 6. 5.6 percent to 

21.9 percent were all within the permissible levels. 

Water absorption was found to vary by no more 

than 0.1 percentage points from the norm in most 

cases. Although a lightweight aggregate with 

strong water absorption properties was used, 

concrete water absorption (WA) results were at 

least acceptable. All of the concretes tested met the 

criterion for lightweight concrete that was done in a 

climate where atmospheric factors were kept at bay 

(WA 25 percent ). There is a more stringent 

requirement for less than 20% water absorption, but 

only if the concrete is exposed to the weather 

unprotected. 

Discussion 

There was a correlation between LWAC's density and 

strength as shown in Figure 9, as well as its real 

cement matrix strength and aggregate strength, as 

shown in the figure. The nominal w/c value, aggregate 

starting condition, and aggregate type were all taken 

into consideration. It was further discovered that the 

oven-dried density of lightweight concretes tested had 

a direct correlation to their compressive strength. The 

more dense the concrete, the more durable it is. The 

size of the sintered fly ash aggregate, however, had 

some effect on this connection. A 6 percent average 

increase in strength was achieved when using 

fractions of 4/8 and 12 mm, respectively, but 

aggregate size had no effect on density. To put it 

another way, the 4/8 mm aggregate is somewhat more 

resistant to crushing at a same particle density 

compared to 6/12 mm aggregate. 

More over half the lightweight concretes — 

particularly those constructed with an initially dry 

aggregate — attained compressive strengths higher 

than those of their cement matrix, even though the 

aggregate was initially dry. When aggregates absorb 

water from the cement paste, the water–cement ratio 

decreases significantly compared to the nominal 

value. 

Generally speaking, the compressive strengths of 

concretes evaluated under oven-drying settings were 

greater than those tested under typical saturated 

circumstances, as predicted (Table 6). There was a 

range of 0 to 18 percent difference between the two 

outcomes under varied settings, and it seemed to be 

reliant on the aggregate's moisture content. Pre-

saturated aggregate had little influence on the 

moisture content, whereas dry aggregate had the 

highest effect.Because of the varying microstructures 

of concretes created using aggregate under different 

beginning circumstances, such an observation may be 

explained (see Section 4.4). 

Specimens of concrete built with sintered fly ash 

aggregates showed some fundamental changes in 

appearance under varying beginning moisture levels. 

Concretes made with less wet aggregates were more 

likely to include hydrated cement particles. Pre-dried 

and pre-saturated aggregates produced the greatest 

improvement in performance in concrete (Figure 11). 

Concretes with lower initial moisture content 

exhibited lower degrees of hydration, illustrating the 

efficiency of the absorption process in reducing the 

water–cement ratio of the cement matrix. Using 

aggregates with a lower initial moisture content 

resulted in a tighter cement paste structure because of 

decreased porosity and fewer microcracks. 

Ettringite production was shown to be the primary 

cause of visible microcracks in concrete samples 

analyzed at higher magnification and with pre-

saturated aggregates, respectively (Figure 12). An 

enhanced ettringite concentration and accompanying 

microcracks were found in large numbers in the 

interfacial transition zone, particularly (ITZ). The 

models presented in [10] did not predict the presence 

of ITZs in saturated sintered fly ash aggregate 

concrete. There was less of an increase in porosity and 

etringite develops in the concretes created with lower 

initial moisture content aggregates. As a result of this, 

the durability of pre-saturated aggregate concrete was 

shown to be significantly decreased in strength tests 

and freeze/thaw cycles. 



 

―Figure12.Microanalysisandimageofettringiteinthei

nterfacialtransitionzone(ITZ)oflightweightconcrete

withinitiallysaturatedaggregate(1S);1—

LWAand2—cementpaste.‖ 

There was no evidence to support the conclusion of 

the review [10] that in the attempted LWAC with 

an initially soaked total, sintered fly debris totals 

are better than standard total cement in terms of 

thickness and character of the ITZ. However, the 

microstructure of the interfacial transition zone 

may be a good indicator of the LWAC's life 

expectancy.Durable lightweight aggregate 

concretes were found to have an ITZ that was tight 

and homogeneous. 

5.Conclusions 

LWAC's durability was found to be more difficult 

to create than NWAC's, as shown by the testing 

and analysis of the data. When it comes to the 

durability of normal-weight concrete, it is all about 

the cement matrix and how well it adheres to the 

aggregates. But when it comes to lightweight 

concrete, it is all about the aggregate qualities and 

how the technology is applied. It is possible to 

make a variety of conclusions, including the 

following: 

The water absorption of the lightweight aggregate 

and its initial moisture content have a significant 

impact on the concrete's durability. However, even 

with a water absorption rate of around 25%, it is 

feasible to build long-lasting concrete. It should be 

noted, however, that the process of first pre-

saturation of LWA in such an aggregate should not 

be permitted in practice. 

No matter what the water-concrete proportion or 

concrete substance, sintered fly total cements 

demonstrated excessive water retention (up to 22 

percent), an undesired depth of water entry under 

strain (up to 74 mm), and no freeze-defrost 

opposition. 

By limiting the moisture content of sintered fly 

debris to 17-18 percent, the substantial's water-

tightness improved dramatically, but it did not 

provide effective freeze-defrost protection. In 

addition, it is envisaged that this cement will be 

impenetrable to freezing and defrosting cycles by 

limiting w/c and using a LWA fraction with a low 

squashed-molecule percentage. 

Despite the apparent low water-concrete proportion 

(w/c = 0.37), the use of at first dry sintered fly 

detritus total and concrete grid resulted in low 

LWAC water ingestion and porousness, as well as 

complete freeze-defrost resistance, even without air 

entraining. There is no need for the grid's volume 

to be large, the concrete amount to be large, or the 

substantial's strength to be strong. 

Interfacial transition zones may be a good predictor 

of LWAC's endurance. ITZ was shown to be tight 

and homogeneous in concretes using durable 

lightweight aggregates, particularly in those 

containing an initially dry aggregate. Using pre-

saturated aggregate led to poor concrete durability 

because of microcracks and excessive amounts of 

ettringite in the interfacial transition zone. 



No direct link can be found between cement's water 

absorption, compressive strength, or concrete 

substance and porosity, as well as freeze-defrost 

resistance of the attempted LWAC with a sintered 

fly detritus.Although LWAC has a poorer 

durability rating than NWAC, its increased water 

absorption is not always associated with this. 
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