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Abstract: A paramount importance is given to fire security of the civic buildings in the course of designing
them. The modern construction is characterized by the increasing number of stories in the buildings, erection
of multi-profiled industrial and trading complexes. The costs of insurance and insurance bonuses depend
directly, at that, on the choice of fire protection methods. Our investigations are devoted to the development
of ecologically clean nonflammable composites. Following the enactment of new technical regulations, a new
classification of construction materials has appeared. The nonflammable are only the materials of class KM0.
These materials lack: flammability, ignitability, ability to flame propagation over the surface, smoke-forming
capability and combustion products toxicity. The article describes compositions of flame-retardant compounds,
which are suitable for producing the heat- and fire-retardant dry plasters, fire-proof screens. The materials are
based on porous aggregates: foamed vermiculite and perlite. The following fillers were used: the fiber-glass
paper, flaked continuous basalt wool, kaoline wool, chrysotile asbestos. The fire-response testing has been
conducted in a muffle furnace at maximum temperature of 1.100°C within 180 min. The test conditions have been
approximated to the conditions of fire-response testing conducted by the All-Russian Fire Safety Research
Institute (ARFSRI).
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INTRODUCTION regulations  have  been  prepared,  e.g.,  SniP  21-01-97

According to the information of the Ministry of the (FL) No.123-FZ “Technical Regulations on Fire Safety
Russian Federation for Affairs of Civil Defense, Requirements” and FL No.384-FZ “Technical Regulations
Emergencies and Disaster Relief 80 234 fire events took on  Safety  of  Buildings and Structures” bring forward
place in the territory of Russia over a period since January new requirements to the construction materials [3]. The
till June 2012 with a direct material damage thereof materials of fire hazard class KM0 are to be used in the
amounting to 6 576 231 thous. rubles [1-2]. Ensuring the entrance lobbies, at stair enclosures, in elevator halls,
fire safety is among the key goals at construction and ventilation ducts of electric cables and other costly
operation of the up-to-date high-rise buildings, big systems located in attics and upstairs as well as in the
business destinations and shopping and entertainment buildiongs higher than 17 stories or 50 m, in child welfare
centers. There are the fire safety regulatory rules institutions, clubs, theatres, museums and at the railway
developed in Russia, fire safety rules and technical stations.

“Fire Safety of Buildings and Structures”. The Federal law
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Fig. 1: Standard Curve of Increasing Temperature of VNIIPO (Fire Safety Research Institute) Furnace

The following materials are widely used in the Influence of rate of mixing the mortar mix on the
construction  market:  the  thin-walled  reinforced- technical properties of the mix;
concrete,  reinforced  cement  and  fiber-concrete Influence of additives of fibrous fillers [8-10];
structures with the fire-endurance rating thereof Behavior of derived materials during fire-response
exceeding 30 min. The fire protective sheets, screens, testing and the technical properties thereof after
paints, first-coats, impregnating compounds are used as temperature impacts [11-12].
fire-safety aids [4].

The major dangerous fire factor and cause of We have been guided in this work by a number of
destruction  is   a   rapid   temperature   increase   in  the standard documents, including requirements of
fire   seat,   which   reaches   900   to   1.100°C   already   in International standards GOST 31376-2008 “Dry
20 to 30 min. following the outbreak of fire. The fire- construction  compounds  based  on   gypsum  binder.
resisting property of  the  construction  structure is Test methods” as well as GOST 31377-2008 “Dry plaster
determined     by   the  fire-endurance  rating.  This  is  the compound based on gypsum binder. Specifications”.
time  in  minutes  (hours)  since  the  outbreak  of fire The  following  materials  have  been  used  in  the
before the structure failure (bearing-capacity failure, work on selecting composition of flame-retardant
collapse, attaining irreversible deformation) or heat compounds:    gypsum     building    plaster   G6AII,
penetration to temperature rise at the fire-opposite side up foamed  vermiculite,  foamed  perlite,  sodium silicate
to 220°C (if higher, the burning of organic materials solute, glass fiber, flaked chrysotile asbestos, fine-
begins) [5]. The fire-endurance ratings of some materials dispersed basalt wool, raw perlite, Cambrian clay,
are presented in Fig. 1. modifying additives.

MATERIALS AND METHODS in the laboratory mixer at rotational speeds of 60, 120, 240,

The purpose of the endeavor is the derivation and air entrainment into the mortar mix occurs. The mix flow
research of the composite materials featuring heat- and (cone slump) equals 160–170 mm. The prepared specimens
fire-retardant properties [4, 7, 10-13]. measuring 4×4×16 cm and 3.03×3.03×3.03 ñm have been

The influence of different factors on the properties of dried at t < 65°C.
plaster compounds has been investigated: The reseached compositions of dry mixes were used

Proportions of porous aggregates and gypsum dimensions 200×180 mm and thickness of 10–20 mm,
binder; which  were  inserted  into  the  laboratory furnace mouth.

The preparation of composition mix has taken place

600 rpm.  In case  of  high-speed  mixing, the extensional

for fabricating fragments of fire-proof screens featuring
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Table 1: Chemical composition of additives to dry mixes

Additive Chemical composition, % by weight

Cambrian clay SiO Al O Fe O CaO MgO SO K O Na O2 2 3 2 3 3 2 2

59.9 17.6 7.61 0.26 2.97 0.93 5.36 0.14
Raw perlite SiO Al O CaO+ Fe O + K O+ H O2 2 3 2 3 2 2

+MgO +FeO +Na O2

72.3 15 1.4 2.56 5.7 5.1

Liquid glass Na O · nSiO , [rho] = 1.4 g/m , silica module n = 3.5, GOST 13078-81 2 2
3

Table 2: Specifications of plaster mortars produced with different speeds of mix stirring

Gypsum: foamed vermiculite= 1:1.5 +0.02% Gypsum: foamed perlite = 1:1.5 +0.02%
Composition “Silipon RN 0818” + glass fiber 2% “Silipon RN 0818” + glass fiber 2% 

Mixing speed of 60 rpm
Average density, kg/m 700 6003

Ultimate compression strength, MPa 2.1 1.95

Mixing speed of 240 rpm
Average density, kg/m 600 4803

Ultimate compression strength, MPa 1.85 1.7

Mixing speed of 600 rpm
Average density, kg/m 550 5303

Ultimate compression strength, MPa 1.5 1.48

Table 3: Technical indices of fireproofing plaster mortars with additives

Average density, Ultimate compression Ultimate bending Volumetric shrinkage 
No. Composition formulation (by volume) kg/m strength, MPa strength, MPa after burning, %3

1 Gypsum: vermiculite = 1:1.5 690 3.2 2.2 18.8
2 Gypsum: vermiculite = 1:1.5+ 20% Cambrian clay 790 2.6 2.7 14.7
3 Gypsum: vermiculite = 1:1.5+ 20% raw perlite 760 2.8 2.1 14.4
4 Gypsum: vermiculite: perlite = 1:0.75:0.75 680 3.2 2.4 18.2
5 Gypsum: vermiculite = 1:1.5+ 20% liquid glass 650 1.4 1.2 20

The additives were used in the series of testing the comprise the chemically bounded water, which evaporates
specimens of plaster mortars to reduce cracking in the under effect of flame taking up a portion of energy of the
course of heating as well as increase strength of the heat flux. Temperature of the article will not exceed
already burnt specimens. The Cambrian clay, raw perlite 100–110°C until all the water evaporates [6].
and  foamed  perlite  have  been  added  to dry mixes One of the basic components of the fireproofing
(Table 3). The chemical composition of Cambrian clay plaster mix  in  our  study  is  the  foamed  vermiculite.
(Table 1) indicates an increased content of oxides of High porosity of foamed vermiculite  provides  for its
aluminum, iron and alkali elements, which explains a good  heat-insulation  capability. The heat conductivity
relatively low temperature of clay agglomeration – 800°C. of foamed vermiculite equals  0.05-0.09 W/m·K at bulk
Particularly this factor contributes to increasing the density of 105–200 kg/m .
strength of specimens after baking. The raw perlite and The heat conductivity of vermiculite grows
foamed perlite, which consist by 70% of the amorphous insignificantly at elevated temperatures, since the material
silica SiO , are the active components of the composition. features low emission coefficient, C = 2.5 × 10  J/m K2

These additives bind the calcium oxide emerging under (aluminum foil features C = 1.7 × 10  J/m K). At the same
high-temperature effect with the gypsum and vermiculite time it is conventionally assumed in the context of
composition. theoretical investigations that “absolute black body”

The Main Part: The mechanism of fireproofing the The  influence  of  mixing speed on the average
researched plaster mixes is determined by the specific density and strength has been researched at the
features  of  all  components of the composition mortar. specimens of composition of gypsum: filler = 1:1.5 by
The gypsum building plaster and vermiculite and perlite volume  has  been researched. Mixing of dry components

3

3 2

3 2

features C = 20.8 × 10  J/m K [2].3 2
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Fig. 2: Curve of Heating Gypsum-Vermiculite Fragment of
Screen with Glass Fiber Reinforcement Fig. 4: Fragment of 20 mm Thick Gypsum-Vermiculite

Fig. 3: Fragment of Gypsum Core of Gypsum Board 20 colleagues [6]. Using the same temperature conditions the
mm After Heating to 900°C specimens with foamed vermiculite retain integrity due to

with water has taken place at the speed of 60, 240, 600 An X-ray investigation of the specimens of
rpm. The air-entraining additive “Silipon RN8018” has compositions has been conducted (Table 3) after burning
been used for aeration in quantity of 0.02% against mass by means of powder diffraction using the X-ray
of gypsum. The increase of mixing the mortar mix has diffractometer DRON-7. The degree of fineness of
reduced the average density of specimens from 700 kg/m specimens is 0.063 mm. Table 4 presents the3

in case of manual mixing to 550 kg/m  at the speed of 600 concentrations of minerals in % of total mass of minerals.3

rpm (Table 2). A brief analysis of X-ray investigation results has
The application of Cambrian clay and raw perlite shown that calcium oxide in the crystalline phase has not

additives has helped to reduce the shrinkage been identified. Therefore, in case of extinguishing fire
deformations  in  the  course  of  high-temperature  tests with water, the calcium oxide extinguishing and transition
by 25% and increase the strength of burnt specimens to calcium hydroxide with the material destruction will not
(Table 3). take place [11, 13]. It will positively affect the integrity of

The researched compositions of dry mixes have been the fire-resistant material. Mullite has been found in
used for  producing  fragments  of  fire-proof  screens. specimen 2 comprising the Cambrian clay, which explains
The high-temperature tests of screen fragments have been a partial agglomeration of the material also increasing the
conducted in the laboratory furnace: temperature of 800°C water-resistance. Wollastonite, the calcium metasilicate,
is attained after 40 min and increases further up to 1.100°C has been revealed in specimens 3 and 4 comprising perlite.

Screen After Heating to 1,100°C

within 140 min. more (Fig. 2). The temperature at the
specimen side opposite to the furnace has been measured
using microprocessor gauge 2TPMO- SHCH1.U by means
of the thermocouples.

The comparative tests of gypsum core fragments as
thick as 20 mm and a fragment of gypsum-vermiculite
screen with an addition of 2% asbestos have shown that
the fire-resistance limit of the first one is 60 min. regarding
formation of cracks (Fig. 3), while the limit of the second
one is 180 min. with the retention of integrity (Fig. 4).

The specimens with foamed vermiculite get covered
with cracks after burning (Fig. 3). A character of cracks
formation corresponds to the data received by the German

resilient vermiculite grains.
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Table 4: Concentration of minerals in investigated speciments, %
Mineral name Specimen 1 Specimen 2 Specimen 3 Specimen 4 Specimen 5
Anhydrite 94.19 41.61 30.83 60.48 37.86
Quartz 3.15 2.1
Melilite 1.18 10.32 1.56
Micaceous minerals 1.48 20.19 44.43 12 61.06
Illite 10.46 7.5
Mullite 15.31 27.76 14.21
Wollastonite 4.13 24.74 27.52 46.85
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