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Impact of self-compacting concrete for construction sites

Abstract: This article presents the current state in the world and local experience of self-
compacting concrete (SCC) application. According to the results of the market analysis, a significant
share of the SCC market belongs to the countries of the Asia-Pacific region. As the analysis revealed,
the largest volume of SCC ever filled on construction sites was found in Abu Dhabi – more than 200
thousand cubic meters. As part of this study, a comprehensive development of a new generation of
SCC compositions was carried out, based on local inert materials, chemical and mineral additives.
A number of laboratory tests were conducted and three unique recipes were selected for the SCC
M350 B25 with characteristics exceeding the quality of conventional concrete of the same brand and
class. Educational seminars on the subject of SCC were organized for employees of a number of
construction sites and a concrete plant in Nur-Sultan. Three pilot SCC pours with a total volume
of 70 cubic meters were carried out at the Nur-Sultan construction sites. Tests with destructive
and non-destructive methods were performed, which confirmed the declared characteristics of the
SCC. It is established that the developed compositions gain 70-90% of the grade strength for 3 days
of curing. On this fact, it is possible to assume about potential economic effect for building sites
obtained due to the acceleration of construction pace. It should be noted that this effect would
be different in each of the sites, due to different influencing conditions. Thus, the pilots achieved
savings of 5000 tenge per each cubic meter of poured SCC.

Keywords: construction materials, self-compacting concrete, economic impact, concrete
strength, pace of construction.

DOI: https://doi.org/10.32523/2616-7263-2019-128-3-88-97

The President of Kazakhstan in his Address to the people of Kazakhstan for 2018 noted the
adoption of the Program “Development Strategy “Kazakhstan-2050”, as well as the development of
an integrated Strategic Development Plan of the Republic of Kazakhstan until 2025. In the Program,
as one of the main areas (direction 5), the need to introduce modern technologies in the construction
and utilities sector is highlighted. The Message states that the provision of housing per capita has
increased by 30% in the past 10 years and now stands at 21.6 square meters. It is necessary to
bring this indicator in 2030 to 30 square meters. When performing this task, it is important to
apply new methods of construction, modern materials, fundamentally different approaches in the
design of buildings and planning urban development [1]. Modern construction requires a variety of
building materials with different sets of properties. In this regard, high hopes are associated with the
improvement of the technology of self-compacting concrete (SCC) – a material that in the near future
will find wide application in the construction industry of the Republic of Kazakhstan [2]. In recent
years, in the construction practice abroad during the manufacture of concrete of a new generation,
people are increasingly inclined to develop the composition of SCC, which is a material that can be
compacted under its own weight, filling the form evenly in densely reinforced structures [3]. This
type of heavy concrete has a great future in the monolithic construction, production of precast
concrete, improvement of concrete and reinforced concrete structures of various purposes, since the
use of this type of concrete eliminates the traditional laying of concrete using vibration compaction,
optimizes labor costs and improves sanitary and hygienic working conditions [2]. SСС is a research
subject for a wide range of scientists. There are studies proving the possibility of creating a SСС

88



N.A. Suzev, Ye.B. Utepov, Ye.N. Root, Zh.A. Shakhmov, H.I. Ling, A.Zh. Zhussupbekov

with high physical and technical characteristics, as well as with the possibility of successfully using
fiber reinforcement and using various production wastes [4–11]. The use of SCC greatly reduces the
impact of harmful noise exposure on people and the environment during construction, which allows
concrete work to be done among densely populated urban areas and even at night. However, such a
sharp distinction of SCC from traditional classical heavy concrete with given physical and technical
properties sets a number of serious tasks for researchers in the field of concrete science. It requires
a systematic and stepwise approach for predicting the SCC properties, describing the rheological
properties of cast concrete mixes, optimal distribution of aggregates in a concrete matrix, as well
as dependencies that evaluate the effect of fine fillers on the characteristics of SCC mixes. The
systematic approach allows forecasting and directing the control of the properties of SCC depending
on the tasks assigned to the researchers [12].

Current study presents results and discusses the SCC application experience of construction sites
in the city of Nur-Sultan. This was one of the first practice of applying SCC of new generation in
Kazakhstan. To implement such experience, the researchers of different institutions, construction
sites and concrete plants worked in conjunction. In the framework of the study, several tasks had to
be solved:

1) SCC market analysis.
2) Conducting laboratory tests aimed on the selection of proper SCC compositions, based on the

local raw materials.
3) Organization and performance of SCC pilot pouring in the construction sites of Nur-Sultan.
4) SCC strength control by destructive and non-destructive methods.
5) Computation of economic impact of SCC.
The researchers of the Department of Civil Engineering at the L.N. Gumilyov ENU conducted

the first task (Figure 1). According to [13], the developed countries have more experience of SCC
usage. Asia-pacific countries hold the leading position in terms of market share. Among them Abu
Dhabi shows high activity, where almost 200 thousand cubic meters of SCC has been poured so far.
Estimated annual growth of the SCC market is amounted 5,5% per year, and by 2026 the market is
expected to exceed 15 billion U.S. dollars.

Figure 1 – SCC market analysis [13]

The research institute NIISTROMPROJECT having accredited testing laboratory conducted a
number of laboratory tests. The tests aimed on the selection of efficient SCC compositions, based
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on the raw materials, modern chemical and mineral additives available in the market of Kazakhstan.
The tests were performed in two cities, Nur-Sultan and Almaty, in conjunction with local concrete
plants, where the research team established the SCC mixtures production line. The issues solved by
the research team included: equipping the technological cycle of the plants, selecting good quality
raw materials and additives, selecting a new generation SCC compositions, taking into account of
climatic conditions of the cities and the net price of the ready-mixtures. Laboratory tests (Figure
2), which determine the conformity of the characteristics of the SCC mixture, differ from those of
conventional mixtures, conducted under the regulatory and technical documentation of the Republic
of Kazakhstan. The main types of tests of the SCC mixtures (Table 1) are regulated by the European
Guidelines for Self-Compacting Concrete [14].

Table 1 – Types of SCC tests [14]

№ Name Equipment Tolerances
by classes

Class

1 Segregation Standard sieve with <20% SR1
a mesh size of 5 mm <15% SR2

2 Sedimentary fluidity Abrams Cone 55-65 cm SF1
66-75 cm SF2
76-87 cm SF3

3 Volume of air involved Air meter ≤ 8% * -
4 Viscosity V-shaped funnel <8 sec VF1

9-25 sec VF2
5 Passage through obstacles L-Box ≥ 0,8 with

2 rods
РА1

≥ 0,8 with
3 rods

РА2

Kajima-Box ≥ 0,9 -
∗ The norm for the volume of air involved varies depending on the required operational
characteristics, such as frost resistance, water resistance, vapor permeability, etc. [14].

According to the results obtained by the research team, 3 compositions of SCC have been de-
veloped with the brand of M350 B25, which are described in detail in [15]. A summary of the
compositions is given in Table 2.

Table 2 – Compositions of SCC М350 B25 SF2 VF1 SR2 [15]

№ Binding material Mineral Large aggregate Fine Chemical Water,
(cement М400 D20), additive (crushed stone), kg aggregate additive, kg

kg (silica), kg 5-10 мм 10-20 мм (sand), kg kg
1 490 40 520 150 1085 14,3 135
2 490 40 565 187 1010 14,3 130
3 529 40 529 176 992 17,3 130

The research team also conducted a number of educational seminars in different construction sites
and a concrete plant (Figures 3 and 4) in the city of Nur-Sultan, where Prof. Suzev N.A. (М. Auezov
South Kazakhstan State University, Shymkent) and Dr. Akhmetov D.A. (NIISTROMPROJECT,
LLP, Almaty) introduced the procedures necessary to perform work with SCC. All the participants
of the seminars were given a certificate.

In the framework of this study, research team conducted pilot pouring of newly developed SCC
mixture in three construction sites in Nur-Sultan (Figures 5, 7 and 9), with the total volume of
more than 90 cubic meters. Before the pouring started, the workers were instructed on working
with SCC. At each pour, a number of standard cubic specimens were taken in order to control the
SCC strength gain by destructive method using press at the ages of 3, 7 and 28 days of curing. At
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Figure 2 – Laboratory tests of SCC mixture

Figure 3 – Educational seminars on the topic of SCC
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Figure 4 – Number of participants per construction site

the same days, non-destructive tests of the concrete structures were conducted using shock-impulse
method. Figures 6, 8 and 10 present these tests results.

The results obtained show that in average, SCC strength gain exceeds 70% of its grade strength
already at the age of 3 days. In some cases this value surpasses the level of 90% at the same days.
These values indicate that the concrete structure can be readily loaded further, which eventually
resulted in acceleration of the pace of construction process. In each day, the construction sites have
to bear expenses for the workers’ wages, electricity, rental of cranes, machinery and other equipment
(i.e. overhead costs), acceleration of for instance, each floor installment for at least one day, can
save considerable amount of money for the whole building in total.

Figure 5 – Pouring SCC in the construction site of Green Quarter in Nur-Sultan

The work carried out made it clear that the economic impact for each of the construction sites
is different. It depends on the type and cost of concrete they used before SCC, total volume of
concrete substituted by SCC, number of floors, amount of daily overhead costs, and cost of person-
hours, season and many other things. It should be also noted that although SCC creates better
quality surfaces of the structures and convenient working conditions, usually it costs more than a
conventional concrete. Therefore, before choosing the type of concrete for a certain project, one
must take into account all the pros and cons. According to the calculations, for the construction
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Figure 6 – Strength gain of SCC poured in Green Quarterg

Figure 7 – Pouring SCC in the construction site of Sozvezdie in Nur-Sultan №1

Figure 8 – Strength gain of SCC poured in Sozvezdie №1
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Figure 9 – Pouring SCC in the construction site of Sozvezdie in Nur-Sultan №2

Figure 10 – Strength gain of SCC poured in Sozvezdie №2

sites considered in the current study, average economic impact achieved amounted 5000 tenge per
cubic meter of concrete.

Based on the results obtained within current study, a set of recommendations was developed on
the application of SCC at the construction sites:

1) Structures of complex geometric shape: conventional heavy marketable concrete with a cone
draft of 20-25 cm does not imply the possibility of filling the entire shape, especially the complex
configuration, without vibration compaction. At realization of difficult architectural decisions pos-
sibility of a vibrocompaction is absent completely. For this reason, it is necessary to use concrete
mixture, which does not require additional placement and will fill the geometric form, without defects
in the lack of vibrocompaction.

2) Structures with dense reinforcement: dense reinforcement implies the presence of a volumetric
reinforcement frame with a reinforcement pitch of 100 mm or less. At the same time, it is not possible
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to provide easy paving (the possibility of filling the mold without defects) using conventional heavy
marketable concrete, and dense reinforcement does not allow to perform the necessary works on
vibrocompaction (the vibrator does not fit into the pitch of the reinforcement, when vibration may
lead to displacement of the frame). SCC avoids all of the above mentioned defects without loss of
performance properties, while providing the necessary class of the structure surface.

3) Large-size structures, where there is a need to fill in one cycle: at the facility sometimes there
is a need to fill large structures in one step for various reasons - lack of time, lack of access to the
structure for the production of vibration compaction, etc. Since ordinary heavy concrete in any case
needs to be vibrated, it is necessary to resort to other methods of solving the problem, for example,
the use of SCC.

4) Construction projects that are behind the schedule: SCC provides an opportunity to accelerate
the work by:

- Reducing the time spent on casting, and time spent on vibrocompaction is eliminated;
- Reducing the waiting time for the strength of the poured structures, which allows for early

stripping and loading of the structure.
5) Conventional monolithic and prefabricated construction: since SCC has advantages not only

in terms of performance but also in terms of economic effect, it is recommended to be used at any
construction site. The currently available regulatory and recommendation documentation on SCC
does not imply any limitations on its scope of application.
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Өздiгiнен тығыздалатын бетонның құрылыс алаңдарына әсерi

Аңдатпа: Бұл мақалада өздiгiнен тығыздалатын бетонның (ӨТБ) әлемдегi қазiргi жағдайы мен жергiлiктi
қолданудың тәжiрибесi келтiрiлген. Нарықты талдау нәтижелерi бойынша ӨТБ нарығының айтарлықтай үлесi Азия-
Тынық мұхиты аймағының елдерiне тиесiлi. Талдау көрсеткендей, бұрыннан құрылыс алаңдарында құйылған ӨТБ-
дардың ең үлкен көлемi Абу-Дабиде - 200 мың текше метрден астам екен. Осы зерттеу аясында жергiлiктi инерттi
материалдар, химиялық және минералды қоспалар негiзiнде жаңа буын ӨТБ жүйелерiн кешендi дамыту жүзеге
асырылды. Бiрқатар зертханалық зерттеулер жүргiзiлiп, M350 B25 ӨТБ-ының үш түрлi рецепттары таңдалды, олар
бiрдей маркалы және кластағы қарапайым бетонның сапасынан асады. Нұр Сұлтан қаласындағы бiрқатар құрылыс
нысандары мен бетон зауытының қызметкерлерi үшiн ӨТБ тақырыбы бойынша оқу семинарлары ұйымдастырылды.
Нұр-Сұлтан құрылыс нысандарында жалпы көлемi 70 текше метрдi құрайтын ӨТБ-ды үш пилоттыұ үұйылуы
жасалды. Бұзатын және бұзбайтын әдiстермен тестттер өткiзiлдi, олар ӨТБ-ның жарияланған сипаттамаларын растады.
Әзiрленген құрамдар берiктендiрудiң 3-шi күнiнде маркасының 70-90%-не ие болатындығы анықталды. Бұл факт
бойынша құрылыс қарқынын жеделдету арқылы алынған құрылыс алаңдары үшiн мүмкiн экономикалық тиiмдiлiктi
болжауға болады. Айта кету керек, бұл әсер әртүрлi әсер ету жағдайларына байланысты әр учаскеде әр түрлi болады.
Сонымен, жүргiзiлген пилоттарда ӨТБ-ның әр текше метрi үшiн 5000 теңге үнемделдi.

Түйiн сөздер: құрылыс материалдары, өздiгiнен тығыздалатын бетон, экономикалық әсер, бетонның берiктiгi,
құрылыс қарқыны.
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Эффект самоуплотняющегося бетона для строительных площадок

Аннотация. В данной статье представлено текущее состояние в мире и местный опыт применения
самоуплотняющегося бетона. По результатам выполненного анализа рынка, значительная доля рынка СУБ принадлежит
странам Азиатско-Тихоокеанского региона. Как выявил анализ, самый большой объем СУБ когда-либо залитый на
строительных площадках, обнаружен в Абу Даби – более 200 тысяч кубометров. В рамках данного исследования была
проведена комплексная разработка составов СУБ нового поколения на основе местных инертных материалов, химических
и минеральных добавок. Был выполнен ряд лабораторных испытаний и подобраны три уникальных рецепта СУБ М350
В25 с характеристиками, превышающими качество обычного бетона той же марки и класса. Для работников ряда
строительных площадок и бетонного завода в городе Нур-Султан были организованы образовательные семинары по
тематике СУБ. Были проведены три пилотные заливки СУБ с общим объемом 70 кубометров на строительных площадках
Нур-Султана. Проведены испытания разрушающим и неразрушающим методами, которые подтвердили заявленные
характеристики СУБ. Установлено, что разработанные составы набирают 70-90% марочной прочности уже на 3 сутки
твердения. По данному факту можно говорить о потенциальном экономическом эффекте для строительных площадок,
получаемом за счет ускорения темпов строительства. Следует отметить, что данный эффект будет различен в каждом
из площадок ввиду различных влияющих условий. Так, на проведенных пилотах достигнута экономия в размере 5000
тенге на каждый кубический метр залитого СУБ.

Ключевые слова: строительные материалы, самоуплотняющийся бетон, экономический эффект, прочность бетона,
темпы строительства.
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Численное дифференцирование функций в контексте Компьютерного

(вычислительного) поперечника
Аннотация: В рамках компьютерного (вычислительного) поперечника полностью
решена задача приближенного дифференцирования функций, принадлежащих классам
Соболева по неточной информации, полученной от произвольного конечного множества
тригонометрических коэффициентов Фурье-Лебега дифференцируемой функции... [100-200
слов].
Ключевые слова приближенное дифференцирование, восстановление по неточной

информации, предельная погрешность, компьютерный (вычислительный) поперечник. [6-8
слов/словосочетаний].

Введение

Текст введения...
Авторам не следует использовать нестандартные пакеты LaTeX (используйте их лишь в

случае крайней необходимости)

Заголовок секции

1.1 Заголовок подсекции
Окружения.

Теорема 1. ...

Лемма 1. ...

Предложение 1. ...

Определение 1. ...

Следствие 1. ...

Замечание 1. ...

Теорема 2 (Темиргалиев Н. [2]). Текст теоремы.

Д о к а з а т е л ь с т в о. Текст доказательства.

2. Формулы, таблицы, рисунки

δN (εN ;DN )Y ≡ δN (εN ;T ;F ;DN )Y ≡ inf
(l(N),ϕN)∈DN

δN

(
εN ;

(
l(N), ϕN

))
Y
, (1)

где δN
(
εN ;

(
l(N), ϕN

))
Y
≡ δN (εN ;T ;F ;

(
l(N), ϕN

)
)Y ≡

≡ sup
f∈F∣∣∣γ(τ)

N

∣∣∣≤1(τ=1,...,N)

∥∥∥Tf (·)− ϕN
(
l
(1)
N (f) + γ

(1)
N ε

(1)
N , ..., l

(N)
N (f) + γ

(N)
N ε

(N)
N ; ·

)∥∥∥
Y
.

Таблицы, рисунки необходимо располагать после упоминания. С каждой иллюстрацией должна
следовать надпись.
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Таблица 2 – Название таблицы

Простые Не простые
2, 3, 5, 7, 11, 13, 17, 19, 23, 29 4, 6, 8, 9, 10, 12, 14

Рисунок 11 – Название рисунка
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Компьютерлiк (есептеуiш) диаметр мәнмәтiнiнде функцияларды сандық дифференциалдау

Аннотация: Компьютерлiк (есептеуiш) диаметр мәнмәтiнiнде Соболев класында жататын функцияларды олардың
тригонометриялық Фурье-Лебег коэффициенттерiнiң ақырлы жиынынан алынған дәл емес ақпарат бойынша жуықтау
есебi толығымен шешiлдi [100-200 cөздер].
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Numerical differentiation of functions in the context of Computational (numerical) diameter

Abstract: The computational (numerical) diameter is used to completely solve the problem of approximate differentiation
of a function given inexact information in the form of an arbitrary finite set of trigonometric Fourier coefficients. [100-200 words]

Keywords: approximate differentiation, recovery from inexact information, limiting error, computational (numerical) di-
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