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Abstract  
The article presents the results of an experimental investigation into the effect of modifying 

additives on the workability and setting times of a concrete mix used in the production of a two-

component wall block. The block structure consists of an external façade layer and an internal 

structural–thermal insulation layer, which requires precise control of the rheological and 

technological parameters of the concrete mix during sequential casting. Lignin and soapstock, 

which are by-products of the wood-processing and fat-processing industries, were used as 

modifying components. The experimental program included the determination of concrete mix 

flowability and cement paste setting times at various additive dosages. The results showed that 

the incorporation of lignin and soapstock increased the workability of the concrete mix compared 

to the reference composition: the maximum increase in flowability reached up to 6.4% for lignin 

and up to 9.5% for soapstock. Their combined application produced a pronounced synergistic 

effect, resulting in an increase in workability of up to 16% in linear terms and up to 35% in terms 

of spread area, as well as a reduction in data dispersion. The setting time tests revealed opposite 

effects of the additives: lignin contributed to a reduction in both initial and final setting times, 

whereas soapstock, due to its hydrophobic properties, led to their extension. The obtained results 

can be used to optimize the technological regulations for manufacturing two-component wall 

blocks and to improve the quality and stability of the final products. 
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Introduction 

The relevance of wall enclosing structures and 
products is beyond doubt, as the majority of existing 
and ongoing construction projects are, in one way or 
another, carried out using artificial stone. 

Traditionally, heavy wall structures include brick 
masonry and concrete walls made from high-density 
concretes [[1], [2], [3], [4]]. In contrast, lightweight 

wall systems are formed using aerated concrete and 
foam concrete [5]. The key distinction between 
these two groups of materials lies in their intended 
purpose and structural role: heavy, high-strength 
concrete is primarily used for load-bearing elements 
such as columns, foundations, and walls (including 
panel walls) of multi-storey buildings [6]. The 
drawbacks of using heavy wall structures include low 
economic efficiency due to high production costs, 
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the complexity of the construction process (in the 
case of brick walls), and the need for additional 
insulation measures (for heavy concrete) [[7], [8], 
[9]]. 

Lightweight concretes, on the other hand, are 
primarily intended for external enclosures and 
internal partitions [[10], [11], [12]]. Their porous 
structure provides enhanced thermal and sound 
insulation properties, while reduced density 
decreases the load on the foundation, which is a 
significant structural advantage. The disadvantages 
of using lightweight wall structures include their 
relatively low performance compared to heavy ones, 
which is associated with lower load-bearing 
capacity, higher hygroscopicity (in the case of 
aerated concrete), low frost resistance, high 
brittleness, and so on [[13], [14], [15], [16], [17], 
[18], [19]]. 

The construction product proposed in this 

project—a two-component multi-purpose wall 
block—offers novelty both in the technological 
solution of the wall structure and in its composition 
and production technology. The novelty also 
includes the development of a modifying additive 

derived from industrial waste, whose use is aimed at 
targeted improvements of the operational 
characteristics of the wall block composite material 
(water repellency, frost resistance, and strength). 
The proposed product differs in composition from 
existing analogues, and the proposed technological 
solution is distinct from previously known 
production technologies (analogues are presented 
below). 

This article presents research on the workability 
of the concrete mixture used to manufacture the 
wall block. Studying the workability of the mixture 
provides essential information for the production 
process of the wall block. This is particularly relevant 
because the block consists of two parts: the external 
façade part and the internal structural-thermal 
insulation part (Figure 1). 

Both parts of the block constitute a monolithic, 
unified structure; however, they differ in their 
technological composition as well as their functional 
purpose. Therefore, the workability of the concrete 
mixture, as well as the setting time, plays an 
important role in the production process, since 
manufacturing involves the sequential pouring into 
molds—first the heavy façade part, followed by the 
internal lightweight part of the block. The 

workability (workability) of the concrete mixture is 
also particularly important during the production of 
the façade part, as decorative elements (e.g., 

imitating brickwork or patterns) may be 

incorporated into the mold. 
Based on the above, the research objectives 

were defined as follows: 
1) To determine the effect of additives on the

workability of the concrete mix.
2) To determine the effect of additives on the

setting times of the concrete mix.
These indicators will be key for adjusting the 

placement time of each block layer to ensure a high-
quality building product. 

Experimental part 

Figures 2 and 3 show the technological schemes 
for the production of the external and internal parts 
of the blocks. The production of the wall block 
involves the use of the following components: 
cement (C), sand (S), lignin (Lg), soapstock (Sp), 
basalt waste (Bs), aluminum powder (Al), caustic 
soda (N), and the remainder being water (W). 

Lignin in concrete mixtures is used 
predominantly in the form of lignosulfonates, which 
are by-products of the sulfite pulping of wood. These 
compounds act as industrial chemical additives, the 
performance of which is determined by their 
interactions with cement particles at the molecular 
level. Due to their negative charge, lignosulfonate 
molecules are adsorbed onto the surface of cement 
grains, imparting a negative charge to the particles 
themselves. Hydrated shells are formed on their 
surfaces, which reduce the tendency of particles to 
coagulate and form aggregates. This effect improves 
cement dispersion and increases the workability of 
the concrete mixture [[20], [21]]. 

Soapstock, which represents a complex of fatty 
acids, exhibits activity in cement systems mainly due 
to its surface-active and ion-exchange properties. Its 
action is associated with a number of characteristic 
chemical processes. Soapstock components with an 
amphiphilic structure contain both hydrophilic 
groups that interact with the aqueous phase and 
hydrophobic hydrocarbon chains that orient toward 
air voids or outward from the system. Such 
molecular orientation contributes to a reduction in 
surface tension, improves the wetting of cement 
grains, and ensures the formation of a stable 
dispersed system [[22], [23]]. 

To improve the durability of the façade layer 
against environmental exposure, lignin (a by-
product of the wood industry) and soapstock (a 
waste product of the fat-processing industry) are 
incorporated into the mixture. The hydrophobicity 
of soapstock, as well as its resistance to certain acids 
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and alkalis, enhances the durability of the façade 
layer exposed to the environment. Additional 
hydrophobization is achieved through lignin, which 
promotes polymerization within the façade layer 
structure. 

Because both lignin and soapstock affect mix 
workability, quantitative evaluation was necessary 
for developing a technological regulation for two-
component block production. 

Tests were conducted on series with varying 
contents of modifying components, compared to 
reference samples (RS). 

For the outer layer, the mass fraction of lignin 
relative to cement was 0.015; 0.020; 0.025; 0.030;  

0.035%. The soapstock fractions were identical—
0.015; 0.020; 0.025; 0.030; 0.035%. 

For the inner layer, lignin contents were 0.02; 
0.025; 0.03; 0.035; 0.04%, and the basalt filler 
content varied from 0.5 to 0.9% of sand mass. 

Table 1 presents the mix proportions, indicating 
the masses of the components required to prepare 
1 cubic meter of concrete. Sample preparation and 
testing were carried out under laboratory conditions 
at an air temperature of 21–23 °C and a relative 
humidity of 60–65%. 

The following laboratory methods were used: 
1) Concrete mix workability — GOST 7473-2010
[24]. 
2) Setting times — GOST 310.3-76 [25].

Table 1 – Proportions of components for concrete preparation 

Additives, % Cement (C) Lingin (Lg), Soapstock (Sp), Sand (S) Water (W) 

RS: Reference 
sample 950.000 

0.000 0 
950.0 427.5 

Lg=0.015 949.858 0.143 0 950.0 427.5 

Lg=0.020 949.810 0.190 0 950.0 427.5 

Lg=0.025 949.763 0.238 0 950.0 427.5 

Lg=0.030 949.715 0.285 0 950.0 427.5 

Lg=0.035 949.668 0.333 0 950.0 427.5 

Sp=0.015 950.000 0.045 950.0 427.5 

Sp =0.020 949.810 0.190 950.0 427.5 

Sp =0.025 949.763 0.238 950.0 427.5 

Sp =0.030 949.715 0.285 950.0 427.5 

Sp =0.035 949.668 0.333 950.0 427.5 

Figure 1 - Structure of the wall block 
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Figure 2 - Production technology of the outdoor part of the unit 

Figure 3 - Production technology of the inner layer 

Results and Discussion 

1. Workability of Concrete Mix
Figure 4 shows the results of the workability of 

the concrete mixture with varying composition. 
Specifically, Figure 1 presents the flow results of the 
mixture at different lignin (Lg) contents. Figure 5 
shows the flow results of the mixture with varying 
soapstock (Sg) content. Figure 6 presents the flow 
results of the mixture at the maximum contents of 
both Lg and Sg. 

According to preliminary tests, the water–
cement ratio at which a flow spread of 150 cm was 
achieved is 0.55. Therefore, all workability tests 
were conducted at this water–cement ratio. The 
W/C ratio was intentionally kept constant (0.55) to 
isolate the effect of additives on rheology. Although 
plasticizers may allow water reduction in 
conventional concrete technology, varying w/c 
conditions would introduce additional uncertainty 
and make it difficult to attribute rheological changes 

solely to the additives being investigated. Therefore, 
a fixed w/c ratio was selected to ensure accurate 
interpretation and comparability of the results. As 
can be seen from the curve in Figure 4, lignin (Lg) has 
a pronounced effect on the workability of the 
mixture: with each increase in Lg concentration, the 
spread diameter increases. It is also noticeable that 
the dynamics of the spread change are proportional 
to the change in concentration. 

However, upon the initial introduction of the 
additive at a concentration of 0.015, a sharp increase 
in spread is observed (indicating the maximum 
intensity of the additive’s effect), whereas with 
further increases, the effect decreases, although it 
remains consistent. Overall, the increment in spread 
diameter averages 1–2 cm, indicating the stability of 
Lg’s influence on the workability parameter of the 
concrete mixture. 

Analysis of the coefficients of variation further 
confirms the stability of this positive effect, as the 
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data dispersion for samples with the additive sharply 
decreased to 1.5–1.9%, whereas for the reference 
sample this value was 3.2%. It cannot be concluded 
that the stability of results increases with higher 
additive content (despite the apparent decreasing 
trend in the coefficient of variation with increasing 
additive), since the fluctuations in variation values 
are minor and fall within the statistical error, which 
has a minimum threshold of 1.5%. 

According to the curve in Figure 5, the positive 
effect of the Sp component is also clearly observed. 
However, the dynamics of change are not  

consistent. The maximum effect occurs upon the 
initial introduction of the component. With 
subsequent additions, the rate of increase decreases 
but remains noticeable relative to further 
concentration increases. When the maximum 
concentration is applied, the increase in spread 
diameter compared to the previous value is only 1 
cm, whereas the initial introduction produced an 
increase of 4 cm. This indicates that the maximum 
concentration of Sp = 0.035% approaches the peak 
effect of the component on enhancing workability. 
Despite the decreased intensity of the increase, the 
influence of Sp remains stable. 

Figure 4 - Change in mix workability with Lg 

Figure 5 - Change in mix workability with Sp 

Figure 6 - Workability at maximum Lg and Sp 
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Moreover, although the intensity of workability 

improvement decreases with higher concentrations, 

the stability of the data points increases, as 

indicated by the coefficients of variation. The 

dynamics of the coefficients’ changes are evident: 

they decrease proportionally to the increase in 

concentration, and minor fluctuations (observed in 

the range of 0.015–0.030%) fall within the statistical 

error. 

According to the curve in Figure 6, which shows 

the change in spread at the maximum 

concentrations of Lg and Sp, a presumptive 

synergistic effect of the components is observed. If 

the average spread diameter of the reference 

sample is 151 cm, it reaches 161 cm at the maximum 

concentration of Lg = 0.04 and 165 cm at the 

maximum concentration of Sp = 0.035. Under the 

combined action of Lg and Sp, the increase reaches 

175 cm. 

In percentage terms, the increase in workability 

is 15.9% when evaluated based on the increase in 

diameter as a linear dimension (15.9% = 100 ×

(175−151)

151
), while considering the radial proportional 

increase in spread area, the gain reaches 34.5% 

(34.5% = 100 ×
3.14×(175 2⁄ )

2
−3.14×(151 2⁄ )

2

3.14×(151 2⁄ )
2 ). The 

coefficients of variation also indicate a synergistic 

effect of the combined influence of the components. 

2. Setting Time of Concrete Mix

Figures 7 and 8 show the results of cement 

setting time tests. In Figure 7A, the initial setting 

time, setting duration, and final setting time are 

presented, while Figure 7B illustrates the dynamics 

of their changes depending on the Lg concentration. 

Figures 8A and 8B show the same results for varying 

concentrations of Sp. 

А В 

Figure 7 - Setting times at varying Lg content 
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А В 

Figure 8 - Setting times at varying Sp content 
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Conclusions 

1. A comprehensive set of laboratory tests was
conducted to evaluate the workability of concrete, 
including workability and setting time tests. The 
studies were carried out to facilitate the subsequent 

adjustment of the technological process for 
manufacturing the wall block, which is composed of 

a two-component concrete mix. Tests were 
performed on samples with varying contents of 
lignin (Lg) and soapstock (Sp). 

2. Workability tests confirmed the influence of
Lg and Sp on the workability of the concrete mixture. 

Each component significantly affects the dynamics 

of the spread diameter. The higher the 
concentration of each component, the more 
pronounced the change in workability. The 
maximum increase in spread diameter with the 

addition of Lg, relative to the reference sample, was 
6.4%. For Sp, this increase was 9.5%. When both 

components were added to the concrete mixture, a 

synergistic effect was observed, with workability 
increasing by 16% relative to the linear diameter, 
and by 35% in terms of the radial area. The increase 

in workability due to Lg is primarily attributed to its 

plasticizing effect, whereas the increase observed 

with Sp is due to the presence of vegetable fats in its 
composition. It should also be noted that the 

inclusion of these components stabilizes the results, 
reducing deviations in individual measurements, 

which positively affects the material quality. 
3. Setting time tests produced contrasting

results. The addition of Lg to the mixture resulted in 

a relatively linear decrease in all setting times, 

whereas the addition of Sp caused an increase in all 
setting times. The increase in setting times with Sp is 
explained by the water-repellent effect of the 

vegetable fats in its composition, while the 
reduction in setting times with Lg is associated with 

a decreased w/c ratio due to its plasticizing effect. 
The trend of increased setting times has little 

significance for the external part, as it only requires 
adjustments in the production process. However, for 

the internal part made of lightweight concrete, the 

trend is more beneficial, as the reduction in setting 

time contributes to the formation of a more stable 
pore structure. In any case, the final adjustment of 
setting times will be carried out after a control 
assessment of the basic operational parameters of 
the wall block (such as strength, frost resistance, 

water absorption, etc.). 

1. Vehicle types were divided into five
categories: A1 – bicycles; A2 – motorcycles 
(mopeds); A3 – passenger cars; A4 – light trucks and 

buses with very low capacity; A5 – trucks and buses. 
For each category, voltage ranges were calculated 

depending on the type of vehicle, the standard load 

capacity, and tire pressure. 

2. For each category of motor vehicles,
calculations of normal stresses on the road surface 
have been performed: for category A1, the stress 

range is from 48.7 kN/m2 (0.50 kg/cm2) to 229.8 

kN/m2 (2.34 kg/cm2); for A2, from 111.4 kN/m2 (1.13 
kg/cm2) to 346.2 kN/m2 (3.53 kg/cm2); for A3, from 

168.8 kN/m2 (1.72 kg/cm2) to 316.2 kN/m2 (3.22 

kg/cm2); for A4 from 259.0 kN/m2 (2.62 kg/cm2) to 
546.6 kN/m2 (5.57 kg/cm2); for A5 from 349.4 kN/m2 

(3.56 kg/cm2) to 1216.7 kN/m2 (12.41 kg/cm2). 
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ТҮЙІНДЕМЕ 

Мақалада екі компонентті қабырға блокттарын өндіруде қолданылатын бетон қоспасының 

қозғалғыштығы мен қату уақытына модификациялық қоспалардың әсерін эксперименттік  

зерттеу нәтижелері ұсынылған. Блок құрылымы сыртқы қасбет қабатын және құрылымдық 

және жылу оқшаулағыш қабатын қамтиды, бұл бетон қоспасының реологиялық және 

технологиялық параметрлерін тізбекті қалыптау кезінде дәл реттеуді талап етеді. 

Модификациялық компоненттер ретінде ағаш және май өңдеу өнеркәсібінің қосалқы 

өнімдері болып табылатын лигнин және  соапсток пайдаланылды. Тәжірибелік бағдарлама 

бетон қоспасының ағындылығын және қоспалардың әртүрлі концентрацияларында цемент 

қамырының қату уақытын анықтауды қамтыды. Лигнин мен сабын қоспасын енгізу бақылау 

құрамымен салыстырғанда бетон қоспасының қозғалғыштығына оң әсер ететіні анықталды: 

ағып кетудің максималды өсуі лигнин енгізілгенде 6,4%-ға дейін, ал сабын қоспасын енгізген 

кезде 9,5%-ға дейін жетті.  Қоспаларды бірге қолдану айқын синергетикалық әсер берді, бұл 

қозғалғыштықтың сызықтық тұрғыдан 16%-ға дейін және таралу аймағында  35%-ға дейін 

артуымен сондай-ақ эксперименттік деректердің шашырауын азайтуды қамтамасыз етті. 

Қату уақытын зерттеу компоненттердің көп бағытты әсерін көрсетті: лигнин бастапқы және 

соңғы қату уақытын азайтуға көмектеседі, ал соапсток гидрофобты қасиеттерге ие 

болғандықтан, олардың артуына әкеледі. Алынған нәтижелер қоспалардың оңтайлы 

мөлшерін негіздеуге және оларды қасиеттерінің тұрақтылығы мен дайын өнім сапасын 

арттыратын екі компонентті қабырға блоктарын өндірудің технологиялық регламенттерін 

түзету үшін пайдалануға мүмкіндік береді. 

Түйін сөздер: қабырға блогы, қоспа, қозғалғыштық,,  қатаю уақыты, лигнин, соапсток. 
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АННОТАЦИЯ  

В статье представлены результаты экспериментального исследования влияния 

модифицирующих добавок на подвижность и сроки схватывания бетонной смеси, 

применяемой при производстве двухкомпонентного стенового блока. Конструкция блока 

включает наружный фасадный слой и внутренний конструкционно-теплоизоляционный 

слой, что требует точного регулирования реологических и технологических параметров 

бетонной смеси при последовательном формовании. В качестве модифицирующих 

компонентов использованы лигнин и соапсток — побочные продукты 

деревообрабатывающей и жировой промышленности. Экспериментальная программа 

включала определение показателей растекаемости бетонной смеси и сроков схватывания 

цементного теста при различных концентрациях добавок. Установлено, что введение 

лигнина и соапстока оказывает положительное влияние на подвижность бетонной смеси по 

сравнению с контрольным составом: максимальный прирост растекаемости составил до 

6,4% при введении лигнина и до 9,5% при введении соапстока. Совместное применение 

добавок обеспечило выраженный синергетический эффект, сопровождающийся 

увеличением подвижности до 16% по линейному показателю и до 35% по площади 

растекания, а также снижением разброса экспериментальных данных. Исследование сроков 

схватывания показало разнонаправленное влияние компонентов: лигнин способствует 

сокращению начальных и конечных сроков схватывания, тогда как соапсток, обладая 

гидрофобными свойствами, приводит к их увеличению. Полученные результаты позволяют 

обосновать оптимальные дозировки добавок и использовать их для корректировки 

технологического регламента производства двухкомпонентных стеновых блоков с 

повышенной стабильностью свойств и качеством готовой продукции. 

Ключевые слова: стеновой блок, добавка, подвижность, сроки схватывания, лигнин, 

соапсток. 
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