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Abstract

The article discusses the possibility of obtaining Composite Gypsum Binders (CGB) and heavy concretes based on them using local raw materials from Palestine. 
As an active mineral additive in the composition of the composite gypsum binder, it is proposed to use fi nely dispersed quartz sand with a specifi c surface area of   500 
m2/kg, on the surface of which, during grinding, a disturbed microlayer is formed containing a limited amount of amorphous SiO2, which is capable of binding Ca(OH)2 
at ordinary temperatures with the formation of insoluble compounds, that is, it has pozzolanic activity, and as a result provides a signifi cant increase in the strength of 
composites, increases their water resistance. Based on the developed composite gypsum binder with suffi  ciently high strength (24.8 MPa) and water resistance (K = 
0.73), heavy concretes were obtained with a class of compressive strength B7.5 - B15, for use in residential, public, and industrial buildings in the form of load-bearing, 
self-supporting and enclosing structures.
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The main task of the construction industry in Palestine is 
to provide materials and products with the primary use of local 
natural and man-made raw materials for their manufacture 
while maintaining the traditional original architecture.

The most important branch of the national economy 
in Palestine is the stone industry. The coastal zones of the 
Mediterranean Sea have the richest reserves of calcite deposits, 
a rock-forming limestone mineral. Dense limestone ( = 
2700 kg/m3) has suffi cient strength – Rcomb = 60-80 MPa. 
However, this industry generates a huge amount of stone 
waste. About half a million cubic meters of stone processing 
waste is generated annually, which has a devastating effect on 
the environment; affects air quality, surfaces, and groundwater 
and pollutes agricultural soils (Figure 1).

The main requirement for the sustainable development of 
the country and in order to reduce environmental impacts, a 

strategy is being developed to support this industry sector. 
The stone of Palestine is almost the only natural resource in 
use that is exported abroad. Thus, in Palestine, the stone-
working industry is the mainstay of the national economy. 

Figure 1: Stone crushing waste near residential buildings.
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ancient times. Their use will expand the range of building 
materials to create comfortable housing for people.

The starting materials for the production of heavy concrete 
at the CGB were: gypsum binder -modifi cation grade G5B 
II (Palestine); Portland cement Type I 42.5 N (JOCM plant in 
Jordan), quartz sand from the Palestine deposit; screening 
crushing limestone.

CGB was obtained by mixing a carefully selected mixture 
of fi nely dispersed dry components: gypsum binder, Portland 
cement, and fi nely dispersed (with a specifi c surface area 
of   500 m2/kg) quartz sand (the chemical composition is 
presented in Table 1), on the surface of which, during grinding, 
a disturbed microlayer is formed, containing in a limited 
amount amorphous SiO2, which is capable of binding Ca(OH)2 
at ordinary temperatures to form insoluble compounds, that is, 
it has pozzolanic activity, and as a result provides a signifi cant 
increase in the strength of composites, increases their water 
resistance

Due to the fact that the activity and content of the mineral 
additive have a decisive infl uence on the stability of the CGB 
during hardening, its strict dosing is very important. The 
amount of the mineral additive in the CGB composition was 
determined by the concentration of CaO in aqueous suspensions 
of specially prepared preparations according to the method 
described in the appendix of TU 21-31-62-89, where it is 
indicated that the regulated concentration of Ca(OH)2 in the 
liquid phase of the hardening suspension should not be above 
1.1 and 0.85 g/l (in terms of CaO), respectively, on the 5th and 
7th days. A stable decrease in the concentration of Ca(OH)2 in 
CGB with the introduction of fi nely dispersed quartz sand is 
confi rmed by the results of studies presented in Table 2.

A rational relationship was established between Portland 
cement and fi nely dispersed quartz sand, in which the 
hardening process of CGB will take place without dangerous 
internal stresses leading to volumetric deformations and the 

Globally, among stone producers, Palestine ranks 12th, which 
is equivalent to half of the production in Germany and about 
one-third of the production in Turkey.

The main component of stone processing waste is calcium 
carbonate, which is characterized by high purity - from 94% 
to 98% CaCO3, as well as the absence of pollutants with a low 
percentage of chemical elements such as iron and alkali metals.

Due to the increasing demand for ready-mixed concrete 
in the Palestinian markets. The focus should be on the use of 
crushed stone waste as aggregate and fi ller in concrete mix 
formulations, which will reduce the negative impact on the 
environment and solve economic problems in Palestine.

At present, in Palestine, the “green” construction of 
buildings and structures using innovative technologies 
from environmentally friendly building materials of a new 
generation is one of the progressive areas that contribute to 
the optimization of the “man-material-environment” system.

Particularly effective is the production of wall materials 
from heavy concrete using mineral fi llers and aggregates from 
local natural and technogenic raw materials, which will reduce 
their cost and signifi cantly reduce the construction time of 
buildings and structures [1].

The main component of heavy concrete, which largely 
determines its properties, is a binder. In construction, heavy 
concrete based on Portland cement and its varieties is most 
widely used (about 65% of the total production volume) with 
dense aggregates from rocks - granite, limestone, diabase, etc.)

One of the varieties of heavy concretes are concretes based 
on waterproof composite gypsum binders, which have a wide 
range of applications (construction of low-rise buildings, etc.) 
[2-7]. CGB- a new generation of gypsum-cement-pozzolanic 
binders - is a homogeneous mixture of gypsum binder (50% - 
80%) with a hydraulic modifi er obtained by joint mechanical 
activation of Portland cement with a silica-containing mineral 
additive, which is necessary to bind Ca (OH)2 released during 
the hydration of alite and belite and elimination of conditions 
for the formation of ettringite and highly basic calcium 
hydroaluminates in the hardening system.

Compared to traditional Portland cement concretes, heavy 
concretes based on GCB have a number of advantages (Figure 
2).

They contribute to reducing the shortage of wall materials 
and a signifi cant (at least 2 times) reduction in the construction 
time of buildings. provide a high and stable level of strength, 
lower production costs, high aesthetic and environmental 
performance, etc. Fast (but controlled) setting and hardening 
of molding sands on the CGB allows the production of wall 
products without heat treatment while simultaneously 
accelerating the turnover of forms.

 Currently, concrete mixtures based on Composite Gypsum 
Binders (CGB) are not used in Palestine, although gypsum 
has been a traditional building material in this country since 

Figure 2: Prerequisites for the use of gypsum composite materials.

Table 1: The chemical composition of the mineral supplement.

Material SiO2 Al2O3 Feоб CaO MgO Na2O + K2O SO3 TiO2 п.п.п.

Quartz
sand

94,32 2,61  0,81 0,46 0,66 0,22 + 0,65 0,01 0,16 0,65
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appearance of cracks. The concentration of CaO in a solution 
with a mineral additive of fi nely dispersed quartz sand was 
established with the obligatory ratio: sand: cement = 1:1. quartz 
sand -20 (Table 3).

For the production of wall materials based on CGB, heavy 
concrete compositions with coarse aggregate from limestone 
crushing waste were developed (Table 4). 

As a fi ne aggregate, natural quartz sand with MF = 1.8 was 
used. The compositions of heavy concrete at the CGB and the 
main indicators of its properties are given in Table 5.

It was found that the strength of heavy concrete on CGB 
increases in proportion to the consumption of the binder. 
For concrete of the compressive strength class B7.5, the 
consumption of CGB is 340 kg/m3. With an increase in the 
strength of concrete, this difference increases, amounting 
to about 400 kg/m3 for the class of concrete in terms of 
compressive strength B10.

The physical and mechanical properties of concrete 
are infl uenced by the size and nature of the contact zone 
between the gypsum-cement stone and the aggregate [8-
10]. In the study of the structure and properties of the contact 
zone of the hardened CGB with limestone crushed stone in 
a sample of heavy concrete, the following was revealed. The 
microphotographs obtained at a magnifi cation of 2000 - 
20000 times show that the aggregate surface is overgrown 
with fi ne-crystalline (≤0.1 mkm) neoplasms, presumably 
low-basic calcium hydro silicates, calcium sulfate dihydrate, 
etc., as a result of hardening of Portland cement and semi-
aqueous gypsum, which indicates about suffi ciently dense and 
good adhesion of the fi ller with the hardened matrix (Figure 3). 
Particles of neoplasms are combined into a network structure 
with reinforced bonds between negatively charged products of 
binder hydration as a result of the growth of low-basic calcium 
hydro silicates on gypsum crystals, which increases adhesion 
to the positively charged surface of limestone aggregate.

Thus, as a result of the research, it was found that the 
introduction of fi ne quartz sand as a mineral additive into the 
composition of the CGB (at a ratio of sand: cement - 1:1) helps 
to ensure the performance and stability of the properties of the 
hardened binder.

The suffi ciently high strength of CGB (24.8 MPa) and 
water resistance (K = 0.73) made it possible to develop heavy 
concretes on its basis, having a compressive strength class 
of B7.5 - B15, for use in residential, public, and industrial 
buildings in the form of load-bearing, self-supporting and 
enclosing structures. They can be made of large- or small-
sized elements, as well as in a monolithic form. The rapid 
hardening of concrete on the CGB allows for the removal of the 
molded products from the molds in 1 - 1.5 hours, especially if 
the molding is done in a vertical position.
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Table 2: Change in CaO concentration in an aqueous suspension of CGB with a 
mineral additive of fi nely dispersed quartz sand.

№
Materials 

СаО concentration 
g/l, after :

Gypsum binder, g.
Cement 

g.
Mineral supplement,

g.
5 days 7 days

1 4 2,5 1,25 1,1 0,97
2 4 2,5 2,5 1,05 0,89
3 4 2,5 3,75 1,01 0,83

Table 3: Composition and properties of the composite gypsum binder.
Состав КГВ, % по 

массе W/B(water 
to binder 

ratio)

Mobility,
м

Rcom, МПа, after
Wr (Water 
resistanсе 
coeffi  cient)

Gypsum 
binder,

Cement 
Fine 
sand 

2
hours

7
days

28
days

60 20 20 0,45 0,120 3,94 14,21 24,8 0,73

Table 4: Properties of crushed limestone.

FM (Fiteness 
modulus)

Content
pulverized
particles, %

Specifi c effective
activity
natural

radionuclides, 
Bq/kg

Class of crushability 
of original materila

Bulk
density, 
kg/m3

3,0-3,7 0,7 72,0 1000 1420

Table 5: Compositions and properties of heavy concrete at CGB.
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ρaverage, kg/m3 / Rcom, MPa
after

CGB Gravel Sand water 1 day 28 days
В7,5 340 1200 590 180 2290/7,5 2230/10,5
В10 400 1200 350 175 2260/8,0 2220/15,2
В15 500 1100 350 185 2290/11,5 2215/20,5

Figure 3: Micrograph of the contact zone “gypsum-cement stone - aggregate”.
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