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MATERIALS OF BOX-TYPEPAVEMENT 
 

Abstract. The development of the automotive industry require modern approaches to construction of pave-
ments and highways coatings. 

The data for use as the raw building materials are not scarce and cheap phosphorus waste production and coal 
production that preserve the landscape surrounding environment and improve the environmental situation of in-
dustrial enterprises and some of the regions as a whole. A part of the raw materials for the manufacture of pavement 
box type, used in the construction of highway coverage, with the aim of improving the properties of the roadway and 
stabilize the moisture balance in it.Given a brief description of waste facilities used in the laying of the pavement. 
Experimental studies using as ingredients pavement box-type, consisting of a thin-walled lean concrete with slag 
phosphorus production ground to a class of less than 2 mm, as well as in the manufacture of underlayment internal 
overburden coal mining industry and phosphogypsum forming in the preparation of the extraction of phosphoric acid 
from phosphate materials.In pavement placement technologythe mixture ispreparedin advance from the raw 
materials, which is thoroughly mixed, and then laid on the roadbed of the future highway. This design of box-type 
pavement ismade of lean concrete laid, which is subjected to hardening and drying under natural climatic conditions. 

Calculations revealed that the total savings in material and labor costs for the construction of the pavement over 
the existing types of pavements may be up to 30%. 

Keywords: construction, civil engineering, highway engineering, pavement, pavement, building, highway, road 
construction machinery, road surface, charge. 

 
Introduction. Nowadays, in the age of technological progress, increased cargo volume and road 

transport vehicles, which often leads to the destruction of the roadway. Therefore, pavement modern 
highways needs to be durable and safe in operation and safe for human activity. 

The basic condition for reliable operation of the roadbed and pavement is the stability of the soil, 
depending on its density, so the saturation of the subgrade moisture - an extremely dangerous pheno-
menon, which leads to a decrease in the stability and the bearing capacity of the ground elements of the 
road [1]. 

The degree of strength and stability of the roadbed and pavement elements in different climatic zones 
under various environmental conditions, it can characterize the water-temperature conditions and changes 
in temperature and humidity of time at different points of the road subgrade [2]. If these changes are 
within the limits for which the subgrade loses its strength and stability necessary to construct buildings 
that protect it from waterlogging and sudden temperature changes. 

In the following periods can be characterized by the annual cycle of changes in the water regime of 
the subgrade: 

- The initial accumulation of moisture in the fall, as a result of infiltration of atmospheric precipi-
tation; 

- Freezing of the roadbed and winter moisture redistribution; 
- Thawing of the subgrade soil waterlogging and spring; 
- Saving moisture removal and drying of the roadbed. 
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On roadbed humidity also affect terrain, vegetation, wind and other natural factors and features of 
climatic regions. 

The methods and techniques that will improve the bearing capacity of subgrade soil, is widely known 
throughout the world and in the Republic of Kazakhstan [3-8]. 

Analysis of thermal sources shows that the most dangerous type of deformation of subgrade is a loss 
of stability of all parts of the road structure due to moisture, since moisture leads to the loss of stability 
and their implementation is fast enough, resulting in failure of the entire distillation section. 

For example, when the road device strengthen weak soils binders, such as cement, lime, bitumen and 
others., Using industrial wastes as the ash and slag, oil sludge, secondarily processed construction mate-
rials as concrete, limestone and waste etc. [9-13]. 

There are a number of technological solutions [3-4], which require their improvement and use of 
cheaper materials that do not violate the surrounding landscape of the environment and ecological 
situation in the areas of production: Ingredients used in the construction of the foundations of the roadway. 

For example, the known pavement with prefabricated flat reinforced concrete plates with a thickness 
of 18 to 24 cm [12]. Due to collecting, not require expensive facilities for their construction, and because 
of their small size, thermal deformations occur to a small extent. However, the shortcomings of the road 
construction can be attributed to their weak pairing underlying layers, thereby possibly uneven defor-
mation in the longitudinal and transverse directions. 

In addition, proposed pavements consisting of coatings with the use of concrete plates and the under-
lying layers comprising a bottom and side walls defining a box of thin layer of concrete-filled layers of 
sandy loam or silt and sand, with plates coated with a lower surface of the pointed cone-shaped elements 
[12]. Disadvantages include increased consumption of special cement binder and the availability of soil 
moisture, which leads him to a longitudinal shift of the underlying layer, and the complexity of the comp-
lexity of the lay-up of sandy loam and loam, and the absence at the base cracks interrupt layers of granular 
materials. 

The purpose of research is to develop a more reliable, durable and safe in operation pavement 
structure. 

Methods. To solve this problem the pavement of roads consisting of a coating with the use of rein-
forced concrete plates that form the box side walls and a bottom, as well as the underlying layer, regula-
ting water and thermal regime. The side walls and the bottom are made of thin-walled lean concrete, con-
taining a certain amount of finely ground slag phosphorus production ground to a class of less than 2 mm, 
whose chemical composition is shown in Table 1. Underlying layer of sandy loam or loam contains minor 
amounts of domestic coal mining overburden (GDP) and phosphogypsum waste-phosphate production. 
The chemical composition of GDP and phosphogypsum used in experimental research is shown in Tab- 
les 2 and 3, respectively. 

 
Table 1 – Chemical composition of phosphorus slag production 

 

# Content Indicators, mass % 

1 Р2 О5 1,5 

2 SiО2 38,0 

3 Fе 2 О3 1,0 

4 Аl 2 О3 2,3 

5 СаО+МgО 43,0 

6 СаF2 2,7 

9 Moisture 5,2 

10 Other 6,3 
 

Table 2 – Chemical composition of internal overburden 
 

Field 
The content of components, % 

Na2O K2O Cr2O3 Fe2O3 Al2O3 SiO2 CaO MgO CCB MnO 

Lenger 0,5 0,5 0,1 9,3 8,3 49,9 1,8 1,8 28 0,1-0,6 
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On the bottom are stacked two layers of soil - sandy loam or loam mixed with internal overburden 
and phosphogypsum 3 and 4 sand, and then laid concrete plates 5, the lower surface of which is made in 
the form of a pointed cone-shaped elements. The upper surface is covered with plates cushioning layer of 
asphalt concrete 6. 

Introduction of finely ground slag phosphorus production is carried out at the mixing stage, the raw 
materials for the preparation of lean concrete and laying pavement box configuration. After the imple-
mentation of these works fit underlayment mixture and loam, containing in its composition of waste coal 
(internal overburden) and phosphorus production (electro thermal phosphoric slag) in predetermined 
amounts. 

In practice electro thermal phosphoric slag is obtained in two ways, depending on the process design 
of production: 

- granulation fiery molten slag into the water stream in the liquid-solid ratio 20:1; 
- cooling flaming molten slag into the pits to obtain the solid material, it requires crushing to a par-

ticle size less than 10-15 mm when receiving flitnstone and which can serve as an element of a pointed 
lower pavement layer. 

Used in the manufacture of pavement phosphorous slag technology must be crushed, and comply 
with the requirements of ST RK 935-92 "granulated slag" and contain SiO2 - not less than 38 and CaO + 
MgO at least 43%. Milling electro thermal phosphoric granulated slag due to the fact that they are spliced 
rounded shape, which reduces the effect of coupling binder cement material. This reduces the load bearing 
capacity of the box walls pavement thin layer of lean concrete, which should correspond to the thickness 
of 15-20 mm. 

Results and discussion. When creating a pavement design box type box made of lean concrete laid, 
which is subjected to hardening and drying under natural climatic conditions. 

On the pavement laying technology previously preparing a mixture of raw material containing a 
certain amount of coal waste phosphogypsum - the cost of production of phosphorus, sandy loam and 
loam, which is thoroughly mixed, and then laid on the roadbed of the future highway. 

The optimum composition of lean concrete, 100 kg of mixture introduced in the specified amounts: 
cement, ground slag electro thermal phosphoric (phosphorus slag production) based filler sand and gravel, 
which was stirred in the presence of water. 

As may be used crushed gravel phosphorus slag obtained by cooling sumps. The resulting mixture is 
thoroughly mixed and put into the formwork of the side walls of the pavement. On top of the concrete 
plate is laid a base layer of asphalt concrete. 

Compared with known pavement with prefabricated flat reinforced concrete slabs with a thickness of 
18 to 24 cm, this construction of the road reduces the cost of the current, average and major repairs of 
roads, increasing its reliability, durability and safety are improved traffic conditions and livelihoods of 
people. 

Conclusions. 
1. It is proposed to use in the optimum composition of the underlying layer of loam, sandy loam, 

internal overburden, crushed slag, phosphorus, gravel and phosphogypsum.  
2. The proposed pavement design prevents the occurrence of local deformations of the pavement of 

the road in the vertical and horizontal directions from the action of loads, since together with the upper 
layer of shock-absorbing asphalt turns into a single massive structure rigid.  

3. Due to the absorption of atmospheric precipitation decreases the cost of the current, average and 
major repairs of roads, at the same time increases its reliability, durability, conditions for road safety and 
livelihoods of people. 

4. Calculations revealed that the total saving sinmaterial and laborcosts compared to existing types of 
pavements may be up to 30%. 

5. The introduction of the pavement of phosphogypsumandslag phosphorus production, and coal was 
tepermit releasel and sand reduce the consumption of natural gravel, maintaining the landscape.  
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МАТЕРИАЛЫ ДОРОЖНОЙ ОДЕЖДЫ КОРОБЧАТОГО ТИПА 

 
Аннотация. В работе приведены сведения по применению в качестве шихтовых строительных материа-

лов отходов фосфорного производства и угледобычи, которые позволяют улучшить экологическую обста-
новку регионов, где расположены промышленные предприятия. Предложен состав шихтовых материалов для 
изготовления дорожной одежды коробчатого типа, применяемого при строительстве покрытия автомобиль-
ной трассы, который позволяет улучшить свойства дорожного полотна и стабилизировать влажностной 
баланс. Даны краткие характеристики отходов производств применяемых при укладке дорожной одежды. 
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Проведены исследования по применению шлака фосфорного производства измельченного до класса менее            
2 мм в качестве ингредиентов дорожной одежды коробчатого типа, состоящих из тонкостенного тощего бе-
тона. При технологии укладки дорожного покрытия предварительно готовится смесь из исходных материа-
лов, которая тщательно перемешивается, а затем укладывается на земляное полотно будущей автомобильной 
дороги. Расчетами установлено, что общая экономия материальных и трудовых затрат по возведению данной 
дорожной одежды по сравнению с существующими типами дорожных одежд может составлять до 30%.  

Ключевые слова: строительство, гражданское строительство, дорожное строительство, дорожная 
одежда, строительство, шоссе, дорожно-строительная техника, дорожное полотно, шихта 
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Ж. А. Усенкулов, Я. Б. Кунанбаева, А. С. Наукенова, А. Туленов  

 
М. Əуэзов атындағыОңтүстікҚазақстан мемлекеттік университеты Шымкент, Қазақстан 

 
ҚОРАПША ТҮРІНДЕГІ ЖОЛ ТӨСЕНІШІНІҢ МАТЕРИАЛДАРЫ 

 
Аннотация. Жұмыста шихталықұрылыс материалдары ретінде, фосфорөндірісінің қалдықтары жəне 

өнеркəсіп орындары орналасқанаймақтарда экологиялық ахуалды жақсартуға мүмкіндік беретін көмір ол-
жасын қолдану жөніндегі мəліметтер келтірілген. Жол төсемінің қасиеттерін жақсартатын жəне ылғалды-
лықты реттеп тұратынавтомобиль жолын салу кезінде қолданылатынқорапша түріндегі жол төсенішін 
дайындаудағы шихталы материалдардың құрамы келтірілген.Мақалада, жол төсеміне қолданылатын өндіріс 
қалдықтарына қысқаша сипаттама берілді.Жұқа қабырғалы бетоннан тұратын қорапша түріндегіжол төсе-
мінің ингредиенттері ретінде, 2 мм дейін майдаланған фосфор өндірісінің шлагыназерттеулер жүргізілді. 
Жол төсемін төсеу технологиясында, бастапқыматериалдардан жақсылап араластырылған, топырақ үстіне 
төсеу үшін, келешек автомобиль жолына төселетін қоспа дайындалады. Типтік жол төсенішімен салыстыр-
ғанда берілген жол төсеніші, материалдық жəне еңбек шығындарын 30% үнемдейді. 

Түйін сөздер: құрылыс, азаматтық құрылыс, жол құрылысы, жол төсеніші, тас жолы, жол- құрылыстық 
техника, жол төсемі, шихта. 
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