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Abstract. Timber structures are environmentally friendly in terms of decreasing the impact of human activity on
the planet. Reliability of timber structures can be provided by the corresponding fire resistance so as fire risk is
one of the most significant disadvantages of timber structures. Development of new method for calculation of
actual fire resistance is a topical issue. The first draft of method for calculation of actual fire resistance and
classes of fire risk for load-bearing timber structures based on Russian national standard, was compared with
fire design methods based on European norm. The structure of one-storey glued load-bearing timber framework
for sports hall of Corporative University of Sberbank was used as an example for the comparison. The main load
bearing structure of the framework in the transversal direction is two-hinge glued laminated timber frame with the
span equal to 24 m, consisting of the two columns with rectangular glued cross-sections and trapezium truss
with triangular lattice system and two cantilevers. It was stated, that methods based on European norm and
method based on Russian national standard enable to obtain comparable results for evaluation of fire resistance
for glued laminated load-bearing timber frameworks structure. However, the method based on Russian national
standard did not contain information for evaluation of fire resistance of joints of timber structures, which often is
determinant for the timber frameworks. Therefore, adding of the chapter including approach to evaluation of fire
resistance of the joints of timber structures is possible direction for further development of the method based on
Russian national standard.

1. Introduction

The problem of limited raw material and energy resources is one of the most actual in the world. It can be
solved by decreasing the structural dead weight, increase of span and durability of load carrying structures so as
by the replacement of non-renewable structural materials by renewable ones [1-3]. The rapid rise of CO2
emissions is caused by the technological development mainly. The production of the concrete, which is the most
widely used structural material, is already responsible for from 5 % to 8 % of global greenhouse gas emissions.
The production of steel requires about 4 % of global energy use [4]. Replacement of reinforced concrete and steel
structures by the timber ones is one of the modern tendencies in civil engineering. Timber structures are
environmentally friendly. Using of timber structures enables to decrease the anthropogenic impact on the planet
[5]. Structural members from glued laminated timber, cross-laminated timber and other timber-based materials
are widely used for one-storey and multi-storey buildings [4, 6-9]. Timber as a structural material has a potential
for substitution of concrete and steel in it major applications. Not so far timber use for the multi-storey buildings
was mentioned as the most significant limitation of it use as a structural material. However, nowadays, this
limitation was deleted due to the development of new timber based structural materials such as cross-laminated
timber. At Norway has completed the frame of the tallest timber building in the world — The Mjos Tower, which has
18 floors. However, possibility to create more than 30-storey timber building was stated [10]. The structure of
sports hall of Corporative University of Sberbank can be considered as an example of the modern one-storey
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residential building with the timber framework (Figure 1.a)). Residential building in London can be considered as
an example of multi-storey timber buildings [4] (Figure 1.b)).
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Figure 1. One-storey and multi-storey timber buildings: a) The structure of sports hall
of Corporative University of Sberbank; b) Residential building in London.

However, at the same time reliability of timber structures can be provided by the corresponding fire
resistance so as fire risk is one of the most significant disadvantages of timber structures. Timber fire safety
assessment is complicating due to it anisotropy [6]. Fire resistance of timber structures can be determined by
fire tests, advanced calculations and simplified design methods [11-13]. Typically, fire test is very expensive, but
advanced calculations require a lot of additional parameters that complicate calculations and make calculations
more work and time-consuming, so, development of new simplified design method for calculation of actual fire
resistance and classes of fire risk for load-bearing timber structures is a topical issue [14-20].

The first draft of method based on Russian national standard for calculation of actual fire resistance and
classes of fire risk for load-bearing timber structures, which is based on the Federal Law No. 123-FZ “Technical
regulations on fire safety requirements” in part of fire resistance and fire risk of building structures, was prepared
up till now [21]. A certain interest cause comparison of the developed variant of method for calculation of actual
fire resistance and classes of fire risk for load-bearing timber structures with just existing ones and exactly with
the reduced section and reduced properties methods reflected in the European norm EN 1995-1-2, which are
used in the most of European states now. The methods of reduced section and reduced properties are used in
the case of standard fire action and recommended for practical application. Parametric design method, which
also is used in European states, should be used in the case of full fire analyse.

Therefore, the aim of the paper is comparison of the methods for fire resistance evaluation on the base
of European norm EN 1995-1-2, such as reduced cross-section method, known also as effective cross-
sectional method and reduced properties method, and method based on Russian national standard for
calculation of actual fire resistance and classes of fire risk for load-bearing timber structures, which is based
on the Federal Law No. 123-FZ «Technical regulations on fire safety requirements” [21]. The comparison can
indicate possible supplements and improvements for the developed method. The structure of one-storey glued
load-bearing timber framework for sports hall of Corporative University of Sberbank will be used as an example
for the comparison of fire resistances, obtained by the method based on Russian national standard and
methods based on European norm.

2. Methods

2.1. Determination of fire resistance for timber structures
by EN 1995-1-1 and EN 1995-1-2

The fire resistance of structures of glued load-bearing timber framework for sports hall of Corporative
University of Sberbank should be analysed by the reduced section method and reduced propertied methods
so as both the methods are mentioned in the EN 1995-1-2 and reduced section method was mentioned as a
recommended one. The main load bearing structure of the framework in the transversal direction is two-hinge
glued laminated timber frame consisting of the two columns with rectangular glued cross-sections and
trapezium truss with triangular lattice system and two cantilevers (Figure 2).

Top and bottom chords of the truss so as the elements of the lattice have rectangular glued sections.
The spatial stability of the frame is provided by the moment cornice joints of the columns with the truss in plane
of the frame so as by horizontal and vertical bracings in zone of the trusses so as by glued timber decking.
The structure of the roof including a glued timber decking joined with the top chord of the truss and providing
it from the lateral torsional buckling. The system of vertical bracings between the trusses and columns provide
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stability of the frame in the perpendicular plane. The fire resistance of the glued laminated timber frame is
evaluated as the minimum fire resistance of it load-bearing members and joints. Influence of the timber decking
and system of bracing is taken into account.

Figure 2. Structures of load-bearing framework of sports hall
of Corporative University of Sberbank.

The members of glued laminated timber frame are subjected to the action of axial force in combination
with the bending moment and axial force. The top chord of the truss and the columns are subjected to
compression with the bending. Bottom chord of the truss is subjected to tension with the bending. Elements
of the lattice of the truss are subjected to axial tension or compression. Glued timber decking is subjected to
flexure. Therefore, conditions of strength and stability, which are explained in the points 6.1.6., 6.2.3, 6.2.4,
6.3.2 and 6.3.3 of EN 1995-1-1 are used for determination of fire resistances of glued timber decking, columns,
chords of the truss so as elements of the lattice of the truss.

The fire resistance of joints of the truss must be checked by the controlling of the constructional
requirements satisfaction for the bolted connections in course of the fire exposure. The structural requirements
to the bolted connections are explained in the point 8.5 of EN 1995-1-1. Guidelines for evaluation of fire
resistance for unprotected connections with the unprotected side members of wood by the simplified method
are given in point 6.2.1.1. of EN 1995-1-2.

2.2. Reduced cross-section method

An effective cross-section of the members of glued timber frame should be determined by reducing the
initial cross-section by the effective charring depth def [22].
dy =dg,, , +k,do, (1)

ef = “char,n
where: do is thickness of pyrolyzed layer after 20 minutes of fire exposure (do = 7 mm);

dchar,n is the notional design charring depth, which should be determined as a product of £n notional

design charring rate, the magnitude of which includes for the effect of corner rounding and fissures, andt time
of fire exposure;

Ko is parameter, which take into account decrease the thickness of pyrolyzed layer in the case of fire
exposure less than 20 minutes.

The cases, when the structural members are subjected to fire action from four, three and one sides
should be considered (Figure 3). The columns of the frame, bottom chord of the truss and elements of the
lattice are subjected to fire action from four sides. Top chord of the truss is subjected to fire action from three
sides so as it top side is protected from the fire action by the glued timber decking.

Gravit, M.V., Serdjuks, D., Bardin, A.V., Prusakov, V., Buka-Vaivade, K.
94



WmxeHepHo-cTpouTenbHbIi xypHai, Ne 1(85), 2019

I | |
1

~ _ s
def ) des s —

L~ -~

kodo kodo /L kodo E
1000
a) b) <)

Figure 3 Reduced cross-section of the member for the cases [22]: a) structural member
is subjected to the fire action from four sides; b) structural member is subjected to the fire action
from three sides; c) structural member is subjected to the fire action from one side; 1 —initial surface
of the member; 2 — border of residual cross-section; 3 — border of effective cross-section;

def — effective charring depth; Ko do —thickness of pyrolyzed layer.

The glued timber decking is considered as a section with the width equal to 1 m. It is subjected to fire
action from the bottom only. The column and top chord of the truss are analysed at the fire action taking in to
account strength and stability conditions so as the members are subjected to the action of axial compression
forces and bending moment. The values of bending moment and axial forces in case of fire action are
determined as a product of the forces obtained from the analysis at nhormal temperature for the fundamental
combination of actions [23] and the reduction factor for the design load in the fire situation. As a simplification,
the recommended value for the reduction factor for the design load in the fire situation was taken equal to 0.6
[22]. The strength condition is checked by the equations (2), (3) [24].

2
O : O : O ;
fc,O,d,fl + fm,y,d,fl + km X fm,z,d,fl < 1, (2)
c,0,d,fi m,y,d, fi m,z,d, fi
O 2 O (o}
fc,O,d,fl + km X fm,y,d,fl + fm,z,d,fl < l, (3)
c,0,d,fi m,y,d, fi m,z,d, fi

where oc,0,d,fi is design compressive stress along the grain in case of fire action,
om,y,d.fi is design bending stress about the principal y-axis in case of fire action,
om,z,d.fi is design bending stress about the principal z-axis in case of fire action,
fc.0.4 fiis design compressive strength in case of fire action,
fm.y,d.fi is design bending strength about the principal y-axis in case of fire action,
fmzd fiis design bending strength about the principal z-axis in case of fire action,
Km is factor, considering redistribution of bending stress in cross-section.

The stability of column and top chord of the truss was checked by the equations (4) and (5) [24] as for
members subjected to compression with the bending.

2
k C,O,F,fl + fm,y,d,fl +km' fm,z,d,fl Sl; (4)
c,y.fi - 'c0d,fi m,y.d, fi m,z.d, fi
(e} ? (o} (o}
k c,O,;:i,fl +km . fm,y,d,fl + fm,z,d,fl Sl, (5)
c,z.fi -~ 'c,04d,fi m,y.d, fi m,z,d, fi

where Kcyfi — instability factor about the principal y-axis in case of fire action,

Kezfi — instability factor about the principal z-axis in case of fire action; other designations as for
equations (2) and (3).

The bottom chord of the truss is analysed at the fire action by the strength condition taking in to account
axial tension force and bending moment by the equation (6), (7) [24].

2
[Gt,o,d,fij L Cmyditi o Omad.s <1 (6)

m
ft,O,d,fi fm,y,d,fi fm,z,d,fi
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2
(Gt,o,d,fi] +km_0m,y,d,fi +O'm,z,d,ﬁ <1 )

ft,O,d,fi fm,y,d,fi fm,z,d,fi

where ot,0,d,fi IS design tensile stress along the grain in case of fire action,

ft0.dfi is design tensile strength in case of fire action, other designations as for the equations (2) and (3).

The members of the lattice of the truss are analysed at the fire action taking in to account strength and
stability conditions as the members subjected to the action of axial forces. The strength conditions are checked
by the equations (8) and (9) for the axially tensioned and compressed elements of the lattice, correspondingly
[24].

Oi04d,fi

<1 (8)
fioas
Of-c,o,d,fi <1 ©)
c.0.d, fi

where designations as for the equations (2) and (6).

Stability of lattice of the truss, was checked by the equations (10) and (11) [24] as for the members
subjected to compression.

(0} .
c,0,d,fi Sl;

(10)
kc,y,fi : fc,O,d,fi
Ocod,fi
= <1 (11)
kc,z,fi ’ fc,O,d,fi

where designations as for the equations (4) and (5).

The strength of the glued timber decking subjected to flexure, was checked by the equations (12) and (13).

O ’ O :
m,y,d, fi + k . m,z,d, fi < 1’ (12)
f L ,
m,y,d, fi m,z,d, fi
O : O :
km X fm,y,d,fl fm,z,d,fl Sl, (13)
m,y,d, fi m,z,d, fi

where designations as for the equations (4) and (5).

The design strength and stiffness properties of the effective cross-section should be calculated with
factor Kmod.fi = 1.0.

2.3. Reduced properties method

The design strength and stiffness properties of the effective cross-section by the reduced properties
method should be calculated with factor Kmod.fi , which should be determined by the dependences (14)—(16)
or taken by the graphical dependence 4.3 [22].The values of the factor Kmod.fi will be differed dependently from

the inner forces acting in the considered structural members. The value of Kmod.fi should be determined for
bending strength:

_ 1 P
kmod,fi —1.0_W'K. (14)
The value of Kmod fi should be determined for compression strength:
1 P
kmod,fi :1.0—E-K. (15)
The value of Kmod fi should be determined for tensile strength:
1 P
Kinod zl-o—m'x, (16)
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where p is the perimeter of the fire exposed residual cross-section, in meters, Ar is the area of the residual
cross-section, in m2.

The dependences (14)—(16) should be used in case if time of fire exposure is bigger or equal to 20
minutes. For time of fire exposure equal to zero Kmod.fi = 1.0. The value of Kmod fi should be determined by the
linear interpolation in case if time of fire exposure will be within the limits from 0 to 20 minutes.

The residual cross-section of the considered structural members should be determined by the point 3.4
[22]. The fire resistance of the joints was evaluated as for connections with the side members of timber, which
are described in the point 6.2 [22]. The fire resistance of unprotected timber-to-timber connections where
spacings, edge and end distances and side member dimensions satisfy the requirements given in EN 1995-
1-1 section 8, were taken from the table 6.1 [22].

2.4. Determination of fire resistance for timber structures
by method for calculation of actual fire resistance and classes of fire risk

The method contains the major requirements for calculation of actual fire resistance and classes of fire
risk for load-bearing timber structures with solid and glued cross-sections. Changing of mechanical properties
and geometrical parameters of the members cross-sections are taken into account. The method can be used
for the development of technical solutions during designing of timber structures in accordance with the
requirements of the Federal Law No. 123-FZ “Technical regulations on fire safety requirements”. The method
was developed on the base of results of experimental tests [25]. The statements of existing analytical methods
for evaluation of fire resistance of building constructions were taken into account [26]. The design statements
of the method are a number of semi-empirical dependences which were obtained basing on the results of fire
testing of structures under load by the method, which is described in GOST 30247.0-94 and GOST 30247.1-
94. Evaluation of fire resistance of timber structures joined with the determination of time of losing of it load-
bearing capacity by taking into account time-temperature curve in case of standard fire [27]. The charring rates
were taken constant and equal to 0.7 mm/min if the cross-sections linear dimensions of the member are not
less than 120 mm and 1 mm/min for the members with linear dimensions of cross-sections less than 120 mm.
The time of loosing of load-bearing capacity of timber structural members in general case is calculated by
formula (17).

T, =17, +7, =1, +5min, (17)

where 7kp is time till the moment of critical cross-section development;

73 is time of delay, which is taken equal to 5 min.

The time till the moment of critical cross-section development dependently from the heating conditions
for the structural members should be determined by the formula (18) in case, if the structure is subjected to
fire action from three sides.

_ b _ h
7 )

where B is initial width of cross-section before heating, mm;

(18)

H is initial depth of cross-section before heating, mm;
b is width of critical cross-section, mm;
h is depth of critical cross-section, mm;

[ is charring rate.

The time till the moment of critical section development should be determined by the formula (19) in
case if structure is subjected to fire action from four sides.

2" 2 @

7,=B-

where designations as for formula (18).

The rounding of corners and decrease of mechanical properties of timber are taken into account by the
coefficient &, which should be taken from the table 1 of the method dependently from the internal forces acting
in the considered structural member [21]. The coefficient ¢ is equal to 0.6, 0.7 and 0.85 for the members
subjected to flexure, compression parallel to fibres and tension parallel to fibres, correspondingly. The depths
and widths of critical cross-sections should be determined by the formulas (20) and (21).

6M
Rm,d 'Z;: :

bhe (20)
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where Mg is maximum bending moment from the action of actual load,;

& is coefficient, which takes into account decrease of mechanical properties of timber and rounding of
corners;

Rm d is design resistance of timber in bending;
b is width of critical cross-section, mm;
h is depth of critical cross-section, mm.

Nc
Rc/t,O,d a = bll,t] : )

(21)

where Neit,0,dis maximum axial force (compression/tension) acting parallel to the grain from the action of actual
load,;

Reit0,d, is design resistance of timber in compression or tension; other designations as in formula (18).

The depth and width of critical cross-sections for elements subjected to compression with the bending
should be calculated by the summing of right parts of formulas (20) and (21).

The time till the moment of critical section development can be determined by the simplified approach
with using of nomographs.

The nomographs were obtained on the base of experimental data for glued timber members subjected
to axial compression parallel to grains and flexure. The nomographs obtained for the beams are shown on
Figure 4. The nomographs obtained for the columns have the similar shapes. The rounding of the corners of
the member and decrease of mechanical properties of timber are taken into account. The nomographs are
linear dependences of coefficient of cross-section use before heating and relation of critical time to the initial
depth of cross-section, which changes within the limits from 0.2 to 1.0

300| 400
B/H=1.0
0.9 B/H=1.0
: 350
25008 0.9
0.7 0.8
300 _
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L \\; ‘T
=200 £ 106
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~ ~
%150 g 200
o 2
g K
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0
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Coefficient n=o0y"" /R, " ‘ Coefficient n=g4"" /R, "
a) b)

Figure 4. Nomograph obtained for the beams: a) subjected to fire action from three sides;
b) subjected to fire action from four sides [21].

The nomographs were obtained for the beams and columns subjected to fire action from three and four
sides.
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3. Results and discussions

3.1. Determination of fire resistance of timber framework
by EN 1995-1-1 and EN 1995-1-2

The fire resistance of structure of glued laminated load-bearing framework for sports hall of Corporative
University of Sberbank was determined by the reduced cross-section and reduced properties methods. The
fire resistance of structure of glued laminated load-bearing framework was determined as the smallest from
the fire resistances of columns, trusses and glued timber decking. The fire resistance of trapezium truss was
determined as a minimum from the fire resistances of top and bottom chords so as members of lattice and
joints. The scheme of the two-hinge glued laminated timber frame is shown on the Figure 5. Span of the frame
is equal to 24 m and its bay is equal to 2.4 m. Heights of the truss at supports and in the middle of the span
are equal to 2.9 and 2.5 m, correspondingly.

Figure 5. Scheme of the two-hinge glued laminated timber frame with coloured indication
of members cross-sections, the colours descriptions are given in the Table 1.

The dimensions of cross-sections of all members of the two-hinge glued laminated timber frame so as
some mechanical properties of used glued laminated timber are given in the Table 1.

Table 1. Parameters of members of the frame.

Member of the frame Colour identification C(rgisr;)s’e;trlgn of ela,\élt(i)c(:jigfjiN m2 legr}ii?’ P?::tisc?n
Top chord ] 240*400 1e+007 600.00 | 0.45
Cantilevers ] 300*300 1e+007 600.00 | 0.45
Rising braces 200*200 le+007 600.00 0.45
Lowering braces and central strut 150*220 1le+007 600.00 0.45
Bottom chord I 320%420 1e+007 600.00 | 0.45
Columns and support struts I 240*600 1e+007 600.00 | 0.45

3.1.1. Fire resistance of glued laminated timber decking

The glued timber decking is a structural member which is supported by the top chords of the trapezium
trusses. The glued timber decking is developed by the squared boards with the depth of cross-section equal to
100 mm. Thickness of the glued timber decking is also equal to 100 mm. The softwood with the design resistance
in 13 MPa was considered as a structural material for the glued timber decking. It was stated, that corresponding
strength class of the timber is C20 [28]. The design scheme of the glued timber decking was five span continuous
beam with the spans in 2.4 m. It was loaded by the uniformly distributed load with intensity in 7 kN/m (Figure 6).

H

A poe s = 2 s
| 2400 ‘ 2400 / ‘ 248 . 2400 | 2400 ‘
L 2000 l
(T I TTITT

£
B=1000mm s

Figure 6. Design scheme of glued timber decking.
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The intensities of surface permanent and snow loads are equal to 5.2 and 1.8 kPa, correspondingly.
The growing of normal stresses in the cross-section, where act the maximum bending moment, was analysed
in the case of normal fire by the reduced properties and reduced section methods. The maximum bending
moment acts on the second support and was equal to 4.24 kNm when the structure is loaded by the snow and
permanent load and fire action is not taken in to account. The value of bending moment in case of fire action
was determined as a product of the forces obtained from the analysis at normal temperature and the reduction
factor for the design load in the fire situation. The reduction factor was taken equal to 0.6 [22]. The value of
bending moment in case of fire action was equal to 2.54 kNm. Relation of the maximum normal stresses acting
in the cross-sections to the design resistance of the timber was considered as a level of cross-section use in
case of fire. The cross-section of glued timber decking was considered as subjected to fire from one side as it
is shown on the Figure 3, ¢). The dependences of the level of cross-section use, as a function from the time
of the fire action, were obtained and shown on the Figure 7.

Fire resistance of the glued timber decking was evaluated as R85 and R106 by the reduced section and
reduced properties methods, correspondingly. Fire resistance of cantilever part of the glued timber decking
was evaluated as R82 and R103 by the reduced section and reduced properties methods, correspondingly.
Therefore, the fire resistance of glued timber decking can be evaluated as R85, so as cantilever parts of the
decking did not influence on the behaviour of the structure in general.

3.1.2. Fire resistance of glued timber columns

The glued laminated timber column with the dimensions of cross-section 600x200 mm with the hinge
joints with the truss and foundation was analysed. Length of the column is equal to 11030 mm. The strength
class of glued laminated timber was taken as GL28h [29]. Transversal frame of the building was loaded by the
permanent, snow and wind loads. Characteristic value of wind pressure was taken as 0.23 kPa. The maximum
values of bending moment and axial compression force in case of fire action were equal to 172.8 kN and
37.35 kNm, correspondingly. The cross-section of glued laminated timber column was considered as a
subjected to fire from four sides, as it is shown on the Figure 3 a). Fire resistance of glued laminated timber
column was analysed by the equations (2)—(5). The dependences of the level of cross-section use of the glued
laminated timber column as a function from the time of the fire action were obtained and shown on the Figure 8.
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Figure 7. The dependences of the level
of cross-section use as a function from the time
of the fire action for glued timber decking: RSM
— obtained by the reduced section method; RPM

Time, min

Figure 8. The dependences of the level
of cross-section use as a function from the time
of the fire action for glued laminated timber
column: designations as in Figure 7.

— obtained by the reduced properties method.
Fire resistance of the glued laminated timber column was evaluated as R60 and R70 by the reduced
section and reduced properties methods, correspondingly.

3.1.3. Fire resistance of timber truss

Fire resistance of the timber truss was evaluated as the minimum fire resistance of glued laminated
timber top and bottom chords and members of the lattice. The timber truss has a span equal to 24 m. The
glued laminated timber top chord of the truss has cross-section in 400x240 mm. It effective length is equal to
the length of the panel in the both planes. The length of the panel of the top chord of the truss is equal to 4 m.
The maximum values of the bending moment and axial compression forces in case of fire action were equal
to 15.16 kNm and 332.12 kN, correspondingly. The cross-section of glued laminated timber top chord was
considered as a subjected to fire from three sides, as it is shown on the Figure 3 b). The upper side of the top
chord was protected by the decking. Fire resistance of glued timber top chord was analysed by the equations
(2)-(5). Fire resistance of the glued laminated timber top chord was evaluated as R85 and R106 by the
reduced section and reduced properties methods, correspondingly.
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The glued laminated timber bottom chord of the truss has cross-section in 420x320 mm. The maximum
values of the bending moment and axial tension forces in case of fire action were equal to 6 kNm and
342.60 kN, correspondingly. The cross-section of glued laminated timber bottom chord was considered as a
subjected to fire from four sides, as it is shown on the Figure 3, a). Fire resistance of glued laminated timber
bottom chord was analysed by the equations (6)—(7). It is significantly bigger than that of the top chord so as
bottom chord is not subjected to the action of compressive forces. Safety storage in 68 % will take place for
the bottom chord at the moment, when the buckling of the top chord occurs.

The dependences of the level of cross-section use, as a function from the time of the fire action for the
top chord and most compressed brace of the truss, were obtained and shown on the Figure 9.
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Figure 9. The dependences of the level of cross-section use as a function from the time
of the fire action for glued laminated timber truss elements, where RSM —reduced section method,
RPM —reduced properties method, Top_chord —the dependence obtained for the top chord,
Brace —the dependence obtained for the most compressed brace; Bottom_chord —
the dependence obtained for the bottom chord by the reduced properties method.

The lattice of the truss is presented by the compressed and tensioned braces. The most loaded
compressed and tensioned braces of the truss are subjected to axial forces equal to 150.60 and 137.40 kN,
correspondingly. The most loaded compressed and tensioned braces are the first and second braces from the
support. The first from the support glued laminated timber brace has cross-section in 200x200mm and
considered as a subjected to fire from four sides as it is shown on the Figure 3 a). Fire resistance of glued
laminated timber brace was analysed by the equations (8)—(11) and evaluated as R52 and R65 by the reduced
section and reduced properties methods, correspondingly. The fire resistance of tensioned brace is
significantly bigger.

The fire resistance of the trusses joints was evaluated as R15 as bolted joints without fire protection.
Therefore, overall fire resistance of the timber truss and glued laminated timber framework at all was
determined as R15.

3.2. Determination of fire resistance of timber framework
by method based on Russian national standard

Fire resistance of the timber structures is dependent from parameters of cross-section and density of
timber. Therefore, more massive timber structure possesses a higher fire resistance. As it was mentioned
before, determination of fire resistance of massive and glued laminated timber structures is joined with the
determination of time R, when in case of fire cross-section of the structure decreases till the critical value,
when the structure loose it load-carrying capacity. Decrease of the cross-section of the structure is joined with
the development of the layer of coal on the surface of the structure in case of fire action.

The fire resistance of timber framework, described in the subchapter 3.2, was determined by the method
based on Russian national standard [21]. The method was described in details in the sub-chapter 2.2. The
structure in case of fire is subjected to the action of permanent and imposed loads — dead weight of structures
and snow load (Ill snow region).

The fire action on the structure corresponds to the standard curve, which is described by the
dependence (22).

T =T, +345-1g(8t+1), (22)
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where T is temperature corresponding to time t, °C;
To is initial temperature of fire action °C (To =20 °C);
t is time from the initial moment of fire action.

Actual stresses acting in the structural members should be determined to find fire resistance which is
reflected by the critical time from the initial moment of fire action till the moment, when structure loose it load-
carrying capacity. Top and bottom chords of the truss so as support compressed brace were considered for
evaluation of fire resistance of the glued laminated timber frame.

For support compressed brace coefficient of cross-section use before heating so as relation of initial
width to depth of the cross-section are equal to 0.2 and 1.0, correspondingly. Relation of critical time to depth
of the brace cross-section was determined by the nomograph and is equal to 230 min/m. Corresponding critical
time is equal to 46 min. Therefore, the fire resistance of support compressed brace is equal to 51 min taking
in to account time of charring delay, which is equal to 5 min.

The bottom chord of the truss is a member subjected to the action of tension force with the bending
moment. For bottom chord coefficient of cross-section use before heating so as relation of initial width to depth
of the cross-section are equal to 0.04 and 0.76, correspondingly as for the member subjected to flexure. The
coefficient of cross-section use before heating and relation of initial width to depth of the cross-section are
equal to 0.039 and 0.76, correspondingly, as for the member subjected to tension. Relations of critical time to
depth of the top chord cross-section was determined by the nomographs and are equal to 241 min/m and 258
min/m by the nomograph for the bending moment and tension force, correspondingly. Corresponding critical
times are equal to 101 and 108 min as for the member subjected to flexure and tension, correspondingly.
Therefore, the fire resistance of the bottom chord of the truss is equal to 106 min taking in to account time of
charring delay, which is equal to 5 min.

The fire resistance for the top chord of the truss was determined by the same approach as for the bottom
once. For top chord coefficient of cross-section use before heating so as relation of initial width to depth of the
cross-section are equal to 0.064 and 0.60, correspondingly. Relation of critical time to depth of the top chord
cross-section was determined by the nomograph and is equal to 200 min/m by the nomograph for the bending
moment. Corresponding critical time is equal to 80 min. Therefore, the fire resistance of support compressed
brace is equal to 85 min.

The fire resistance for timber column was determined by the approach to compressed elements. For
timber column coefficient of cross-section use before heating so as relation of initial width to depth of the cross-
section are equal to 0.2 and 0.4, correspondingly. Relation of critical time to depth of the column cross-section
was determined by the nomograph and is equal to 360 min/m. Corresponding critical time is equal to 72 min.
Therefore, the fire resistance of the column is equal to 77 min taking in to account time of charring delay. Fire
resistances for support compressed brace, top and bottom chords so as column are given on the Figure 10.
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Figure 10. Value of the limit of fire resistance for part of timber frame.

Therefore, fire resistance of glued laminated timber frame is accepted as lowest value for timber frame
and evaluated as R51.

3.3. Discussions

Comparison of results obtained for glued laminated load-bearing structures of timber framework for
sports hall of Corporative University of Sberbank enables to make a conclusion that both methods allow to
evaluate fire resistance of the major load bearing members with the comparable precision. The determinant
structural member for evaluation of fire resistance for glued laminated load-bearing frameworks structure was
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timber truss in the case, if fire resistance of the joints is neglected. The fire resistance of glued timber top chord
was evaluated by the reduced section method, reduced properties method and by method based on Russian
national standard [21, 22]. The obtained values of fire resistance of glued timber top chord are evaluated as
R85, R106 and R85, correspondingly. Fire resistance of glued laminated timber brace was analysed by the
above-mentioned methods [21, 22] and evaluated as R52, R65 and R51 by the reduced section method,
reduced properties method and by method based on Russian national standard. The fire resistances obtained
for the glued laminated timber column were evaluated as R60, R70 and R77, correspondingly. Fire resistance
of the glued timber bottom chord was evaluated as exceeding R106.

Therefore, it can be stated, that reduced section method, reduced properties method and method based
on Russian national standard [21, 22] enable to obtain comparable results for evaluation of fire resistance for
glued laminated load-bearing timber frameworks structure. The fire resistances obtained by the reduced
section method and by method based on Russian national standard for the structure for sports hall of
Corporative University of Sberbank were evaluated as R52 and R51, correspondingly. The differences
between the results obtained for the glued laminated timber column by the method based on Russian national
standard, reduced section method and reduced properties method were equal to 22.08 and 9.09 %,
correspondingly. However, at the same moment, fire resistance of the trusses joints was evaluated as R15 as
bolted joints without fire protection. Therefore, overall fire resistance of the timber truss and glued laminated
timber framework was evaluated as R15 as for connections with the side members of timber, which are
described in the point 6.2 [22]. However, the method based on Russian national standard did not contain
information for evaluation of fire resistance of joints of timber structures. Therefore, adding of the chapter
including approach to evaluation of fire resistance of the joints of timber structures is possible direction for
further development of the method [21].

4. Conclusions

The methods for fire resistance evaluation on the base of European norm EN 1995-1-2 and method based
on Russian national standard for calculation of actual fire resistance and classes of fire risk for load-bearing
timber structures, which is based on the Federal Law No. 123-FZ «Technical regulations on fire safety
requirements” were compared numerically for one-storey glued load-bearing timber framework. It was shown
that the difference between the results obtained by the method based on Russian national standard and methods
based on European norm is within the limits from 1,96 to 27.45 %. It was stated, that the method based on
Russian national standard did not contain information for evaluation of fire resistance of joints of timber structures,
which is determinant for the considered one-storey glued load-bearing timber framework so as it overall fire
resistance was evaluated as R15 as for connections with the side members of timber. Therefore, adding of the
chapter including approach for evaluation of fire resistance of the joints of timber structures is possible direction
for further development of the method based on Russian national standard.
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KnioueBble crnoBa: KneeHbll Hecylwui AepeBsaHHbIN Kapkac, TpaneuueBuaHas AepeBsHHas depma,
KNeeHbln [OepeBSAHHbIA  HACTUM, MeTOo4 YMEHbLUEHHbIX CeYeHUA, MeToh YMEHbLUEHHOM MNPOYHOCTH,
OrHEeCTOMNKOCTb.

AHHOTauusa. Mcnonb3oBaHve [OepeBAHHbLIX KOHCTPYKUWMA NO3BONSAET CHU3UTbL HeraTMBHOE BO3AenCcTBUE
YernoBeYEeCKON AeATENbHOCTM Ha OKpYXalowyo cpeny. HagexHOCTb AepeBAHHbBIX KOHCTPYKLMI MOXET ObiTb
obecrneveHa nyTem JOCTUXKEHUSI COOTBETCTBYIOLLEN OTHECTOMKOCTM TaK Kak OnacHOCTb Noxapa siBNsSeTcs OgHUM
13 rNaBHbIX HEAOCTATKOB AePEBAHHbIX KOHCTPYKLUMA. PaspaboTka HOBbIX METOAOB ONpeaeneHnst OrHeCTOMKOCTH
OEPEBSHHbIX KOHCTPYKUUS SIBMSIETCA aKTyarbHbIM BOMPOCOM. B HacTosilLMIiA MOMEHT Ha OCHOBE POCCUMINCKOrO
HauuMoHanbHOro craHgapTa paspaboTaHa nepBasi pefakuuss METOAMKM OLEHKM MpederioB OrHEeCTOMKOCTU U
KrnaccoB NoXapHOW OMaCHOCTU HECYLUNX OepPeBSAHHbIX KOHCTPYKUUA. Pe3ynbTaTbl, NonyyYeHHble Npy NOMOLLM
OaHHON MEeTOOMKN AN onpedeneHns OrHECTOMKOCTU HECYLLMX OEPEBAHHbIX KOHCTPYKUMI 34aHWsa crnopT3ana
KopnopatuBHoro yHuBepcuteta CbepbaHka, CpaBHEHbl C pesynbTatamu, MOMYyYEHHbIMU MPU  MOMOLLM
pacyeTHbIX METOOOB, OMUCaHHbIX B EBPOMENCKMX HOpMax. Hecylime aepeBsiHHblE KOHCTPYKUUW 34aHUsA
cnopt3ana KopnopatusHoro yHuBepcuteta CoepbaHka npeactaBneHbl ABYXLIAPHUPHOW KNEeHoN AepeBsHHOMN
pamMoun , COCTOSALLEN M3 TpaneumeBnaHOW epmbl C TPEYroslbHON pelleTKon, OBYMS KOHCOMsIMWU, a TaK Xe
KrneeHbIMM KONMOHHaMM U KNeeHbIM AepEeBSAHHbIM HAacTUNoM. B pesynbtaTe cpaBHEHWs1, NONY4YEHO, YTO METOAUKa
OLEHKM NpeaenoB OrHEeCTOMKOCTWU U KNMacCOB MOXAPHOW OMAaCHOCTWU HECYLUUX OePEBSIHHbIX KOHCTPYKUWA Ha
OCHOBE POCCUICKOrO HaLMOHanbHOro CTaHdapTa [JaeT pe3ynbTaTbl COMOCTaBUMbIE C  pe3ynbTaramu,
MOMy4YEeHHLIMU MPY MOMOLLM METOAO0B, OMMCaHHbIX B €BPOMENCKMX HopMax. B To e Bpemsi cnegyet OTMETUTD,
YTO OTCYTCTBUE UHGOPMaLMM MO ONPeAENEeHNI0 OTHECTONKOCTM Y3MOB KOHCTPYKLINIA ABMSAETCS CyLLECTBEHHbIM
HeLoCTaTKOM METOAMKM Ha OCHOBE POCCMICKOIO HaLMOHaNbHOIO CTaHAapTa, Tak Kak MMEHHO Y3rbl 4acTo
ABMNAOTCA 3BEHOM, OMNPEAENSALWMM OrHECTOMKOCTb AEPEBSIHHBIX KOHCTPYKUMA. [ononHeHne MeToaukm Ha
OCHOBE POCCUICKOro HauMOHanbHOro craHgapTta WHdopmaumen no onpenerieHnto OrHECTOMKOCTU y3MoB
ABMNAETCA peKoMeHZaLmnel Nno ee ynyyileHmnio.
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