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Abstract 

The glass porous granules as coarse aggregate (GGA) for light weight concrete have been 
investigated.  The increased content of glass phase and uniform distribution of fine closed 
porous of correct form impart to granules the raised strength and the lowered parameters of heat 
conductivity and water absorption. 

In comparison with the most widespread analogue burning expanded clay, GGA has the 
twice higher strength and 30-50 % lower heat conductivity and water absorption. Realization 
of raised mechanical characteristics of GGA and low bulk density predetermines their effective 
and rational use first of all for light weight concrete structures and for heat isolation of concrete 
building walls envelope. 
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1. INTRODUCTION 

The polyfunctionality requirements for  properties of enclosure walls demand from one side  
bearing strength and from other side enough thermal isolation determine the natural 
contradictions in the selection of materials for the implementation of these structures. However, 
in any case lightweight structural and insulating structures (LWSIS) can and should be their 
element, because of the possibility of such concretes is far from be exhausted. In this aspect it 
is very important the improvement of their properties through the use of new types of 
aggregates, in particular GPG. 

2. PRODUCTION TECNOLOGY 
Production technology of glass porous aggregates or GPG (GPG) has their own features for 

each case, but in general it consists from the mixing of source rocks with liquid alkaline 
component, drying, crushing granulation mass and calcination in rotary kilns, similar to 
receiving the roasting of foams from pyroclastic masses, such as expanded clay (keramzit).  

The original source of raw materials for the production of the GPG can serve sedimentary 
and volcanically rock containing active silica and alumina: silica clay, diatomite, perlite, varsity 
and many others. Stocks of such rocks is truly inexhaustible, and are available in all regions of 
the country, unlike expansive clays for the production of keramzit. 

Of alkaline components can be applied chemical waste and extractive industries, but the 
most alkaline reserve are the hydroxides of alkali metals (NaOH, KOH). They dissolve well in 
water, give a strong alkaline reaction and intensive react with the rock and sodium hydroxide 
in comparison with the potassium hydroxide has a more effective expanding capacity. Under 
conditions of high temperature (800 to 900 0C) and excess silica formed stable connection - 
hydrosilicates and hydroelasticity sodium of different basicity. 

3. STRUCTURAL PROPERTIES 
The structure of the GPG, as shown by microscopic examination, is a C-system of the cells 

predominantly of rounded shape with a size of 0.15 to 0.33 mm. Great co-holding the glass 
phase and a uniform distribution of fine pores closed provide the correct form of the GPG 
increased strength and reduced heat conductivity and water absorption (Table 1) 

It should be noted that in comparison with the most common analogue of the roasting 
aggregates of the same density like expanded clay strength GPG is above to 100% and the 
thermal conductivity and water absorption is lower by 30-50%. Implementation of high 
physical and mechanical characteristics of the GPG with a low bulk density of the pre-
determines their effective and efficient use primarily in structural insulating concrete enclosure 
walls density of 500-800 kg/m3 and strength   up to 2,5 MPa [1]. 

Technological features of lightweight insulating concrete with GPG (LWC-GPG) consist in 
design of concrete mix components, with high consumption of coarse aggregate fraction of 5-
20mm of concrete mixture with air-entraining and plasticizers (AE and SP) admixtures and  
various fine  aggregates: natural, technological, roasting and crushed from the GPG, the 
consumption of which is reduced to the minimum possible - up to 200L/m3 of concrete, 
depending on  the specified strength.  

The strength of lightweight concrete is affected by consumption of cement the strength of 
the aggregates. To account for the influence of the tensile strength of aggregates on tensile 
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strength of concrete dependence on the tensile strength of the mortar component and aggregates 
is proposed: 
 

54,326,2ln)65,332,1( −−+= ЗpЗБ RRRR        (1) 

where  

RB - strength of concrete and R3, RP, respectively, mortar component. 

It is known that air entraining of   mortar component reduces the ultimate strength of the 
concrete in proportional to the volume of the entrained air (EA). For the investigated concretes 
reduce strength is 3-5% for one percent of air entraining. In connection with this it is advisable 
to limit the amount of air entraining in the range of 6-8%. 

Experimental data the ratio of the strength-density obtained at 5 types of GPG show that 
according to this indicator, the coefficient of structural quality, LWC with GPG is not inferior 
to the best analogues. Experiments shows that to describe the required dependencies it is 
expedient to use formula of Ryshkevich with updated coefficients of the form: 

 
R= f(P) = K ( P

2670
)  2.92         (2) 

where  

R - compressive strength, MPa 

P - relative porosity 

K - coefficient of influence of the form GPG 

To date, a large volume of experimental and theoretical material accumulated on the study 
of the deformation characteristics LWC with GPG, that make possible to create a normative 
documents for design of such structures [1].   Modulus of elasticity LWC on the GPG 10-30% 
higher than that of concrete; shrinkage deformation of concrete  strength classes  C3.5 to C7.5 
significantly, up to 2 times lower, and the value of  creep  below  up to 40%. The design of 
structures made of lightweight concrete on the GPG can be made using design standards for 
traditional LW concrete with keramzite. 

Concrete with glass aggregate has sufficient protective capacity to the steel reinforcement 
with limitations in the use of fine aggregates or sand and moderate air entraining of the mortar 
component, not to exceed 6-8%. 

As for alkaline corrosion for which, of course, there are prerequisites, due to increased 
hydraulic filler activity, it can be stated that this process has an attenuation nature and does not 
lead to cracking and loss of strength over time.  

An example of attenuation of alkaline corrosion is more than 20 years of operation of the 
external wall panels made of lightweight concrete with GPG with strength class C50 and density 
D 800 kg/m3 in the Norilsk industrial area of the Russian Federation. 

The most important performance characteristic LWC on the GPG is isolation properties, to 
the study of which was paid much attention.  

For the thermal conductivity of the concrete in the dry state λб in dependence on the 
coefficients of thermal conductivity and volumetric concentration of the matrix and filler first 
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proposed to use a modified model of Hirsh -Netsvetaev obtained previously for the estimation 
of elastic modulus of concrete. 
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where V3Vцк - volume concentration of the filler and cement stone λб,  λc - coefficients of 
thermal conductivity of the aggregate and cement paste, W/m2 0C 

The resulting model allows to estimate the contribution of each element of a two-level 
system "matrix - filler" in the formation of the thermal conductivity of concrete. The analysis 
of the model led to the conclusion that the key to reducing the thermal conductivity of 
lightweight concrete you should consider reducing the thermal conductivity of the porous filler. 
The 10% reduction of the thermal conductivity of the filler in LWC on GPG brings 4 times 
greater effect of reducing λб than the same reduction of the thermal conductivity of cement 
paste. 

In this respect, the use of vitreous aggregates provides undeniable advantages over 
traditional roasting fillers because the amorphous phase is "dispersing screen" on the way of 
"phonons- quanta of energy” vectors of heat waves in the solid body. 

A calculation shows that in this case, the thickness of the outer wall should be no more than 
0,42 m for Moscow region (design outside temperature in the most cold period - minus 27 
degrees Celsius) . Thus, the specified value will provide minimum requirements for the thermal 
protection of the exterior walls of LWC on the GPG condition of energy conservation in the 
climatic area of Moscow. Lists the parameters of enclosing structures are not limiting and quite 
acceptable for the manufacture of a single layer of exterior walls with thickness up to 45cm in 
precast and monolithic variants. From the available reserves to reduce, the thermal resistance 
LWC on the GPG should be noted the possibility of using high quality cements, blast-furnace 
cement, silica fume additives and polymer fibers. Finally there is a technological possibility of 
making single-layer panel with an inner insulating layer of large-pore lightweight concrete on 
the GPG with density D200-D300.  

It should be particularly emphasized that the presented experimental and theoretical material 
for concrete on the GPG, was first investigated in Moscow Scientific Research Institute on 
Concrete and Reinforced Concrete - NIIZHB named after professor A. A. Gvozdev – the 
founder of limit state design conception for building structures. This results   have been 
confirmed and refined in recent years by many researchers in this country.  

4. CONCLUSIONS 
High coefficient structural quality (relationship between strength and density), high thermal 

resistance, widespread availability   of raw materials for the production of the GPG, the absolute 
sustainability with the possibility of recycling of industrial waste, durability and fire resistance, 
a complete rejection of the use of polymer thermal insulation, which has a lot of serious 
shortcomings, all these factors are the apparent advantages of LWC with using the GPG. 

To date, there is sufficient experimental and theoretical material in the form of test results 
and study of properties of the LWC- GPG and pilot and industrial technologies and 
recommended literature.  
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Innovative breakthrough, combining the efforts of researchers, investors and representatives 
of local authorities is demanded. In this regard, the ambitious slogan  "Back to the single-layer 
panels!" can and should be the main direction vector of the industrial production of high-
performance exterior walls of LWC on the GPG. 

5. TABLE AND FIGURES 

Table 1: Physico-Mechanical Properties of GPG 

No Performance characteristics Glass porous granules Expanded clay 

1. Fraction, mm 5-10 5-10 

2. Bulk density, kg/m3 130 300 600 300 700 

3. Strength when compressed in the 
cylinder, MPa 0,4 1,8 6,0 0,8 4,0 

4. The thermal conductivity of backfill 
W/m °C 0,040 0,075 0,11 0,11 0,16 

5. Water absorption, % by mass, per 1 hour 40 18 8 25 12 

6. The content of the glass phase, % 95 85 

7. Freeze -thaw  cycles  not less than 15 15 

    
 

Table 2: Coefficient of Concrete Thermal Conductivity of LWC with GPG in Dry State 

Kind of concrete, 
the dependence 

The values of λ0, W/m °C at an average density, kg/m3 

    
500 600 700 800 

 Concrete on the GPG 

λ0 = 0,0002ρ+0,0207,….R2 = 0,9 
0,12
85

 
0,14
87,5∗

 0,16 
0,18
85,5∗

 

Expanded clay concrete  
    

    

 0,16  0,21 
Polystyrene  concrete  

    
    

 0,145   
Cellular concrete  

    
    

 0,14  0,21 
* -   % relative to expanded clay concrete  
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Figure 1: Effect of Moisture Content on the Coefficient of Relative Thermal Conductivity of 
Lightweight Concrete on GPG 

 

 

The concrete on the GPG y = 0,0366x + 0,9778 

   R2= 0,778 

Lightweight aggregate concrete y = 0,0572x + 09513 

   R2= 0,9205 

GPG -  LW concrete on the GPG; 

LWC – expanded clay - concrete  
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