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ABSTRACT: This paper gives an overview on the new draft of EN1996-1-2 (Eurocode 6 part 1-2) being pre-
pared by Project Team SC6.T2 of CEN/TC250. The prescriptive and performance-based approach for the de-
sign of masonry panels subjected to fire is described. An improvement to the tabulated data for the determina-
tion of the fire rating of non-loadbearing masonry panels is described. The problems associated with the
calculation methods in the current version of EN1996-1-2 for the assessment of loadbearing walls are ex-
plained. A proposal is made for the improvement of the input parameters for mechanical models based on ex-
perimental tests. Finally, the results of an experimental programme carried out on some common masonry

materials (units and mortar) are presented.

1 INTRODUCTION

The general objectives of the Eurocodes for fire pro-
tection are to limit risks to the individual and socie-
ty, neighbouring property, and where required, the
directly exposed property, in the case of fire.

In the same safety domain, the European Con-
struction Product Regulation (CPR) 305/2011
(European Parliament and Council, 2011) mentions,
as an essential requirement for the limitation of fire
risks, that the construction works must be designed
and built in such a way that, in the event of an out-
break of fire:

— the load-bearing resistance of the construction
can be assumed for a specified period of time

— the generation and spread of fire and smoke with-
in the works are limited

— the spread of fire to neighbouring construction
works is limited

— the occupants can leave the works or can be res-
cued by other means

— the safety of rescue teams is taken into considera-
tion.

This essential requirement may be observed by fol-

lowing various possibilities for fire safety strategies

like conventional fire scenarios (nominal fires),

characterizing a prescriptive design approach, or

'natural' (parametric) fire scenarios, including pas-

sive and/or active fire protection measures, charac-

terizing the performance-based design methodolo-

gies.

The European Standard EN 1996-1-2. Design of ma-
sonry structures — General rules — Structural fire de-
sign (CEN, 2005b, 2010b) deals with specific as-
pects of passive fire protection in terms of designing
masonry structures and parts thereof for adequate
loadbearing resistance that could be needed for the
safe evacuation of occupants and fire rescue opera-
tions and for limiting fire spread as relevant. The
possible options for the structural fire design al-
lowed in EN 1996-1-2 (CEN, 2005b, 2010b) are il-
lustrated in Figure 1. Although the current version of
this standard offers the possibility to adopt simple or
advanced calculation methods, only the tabulated da-
ta approach is considered as a reliable design meth-
od. This has made the use of EN 1996-1-2 (CEN,
2005b, 2010b) much more limited than Parts 1-2 of
the other Eurocodes. This limitation has been con-
sidered in the context of the on-going revision of the
structural Eurocodes.

The revision of EN 1996-1-2 (CEN, 2005b, 2010b)
started with the appointment of the responsible Pro-
ject Team (PT) in July 2018. A first draft was deliv-
ered in April 2019, the second draft is due April
2020 and the final PT document will be delivered in
October 2021. This paper gives an overview of the
current work in the Project Team SC6.T2 dedicated
to the revision of EN 1996-1-2 (CEN, 2005b,
2010b).
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Figure 1. Design procedures mentioned in the EN 1996-1-2 (CEN, 2005b, 2010b).

2 REVISION OF THE MAIN TEXT
2.1 General

The work of the PT is focused on editorial im-
provements and clarifications arising from the use of
the current version, an improvement of the back-
ground information concerning the tabulated values
of fire resistance, (see chapter 3 of this paper) and an
improvement of the information on relevant material
properties as a basis for a future calculation method.
The current Annex A will be removed.

2.2 Nationally Determined Parameters (NDPs)

Two NDPs from the previous version have been
changed into a prescriptive value or deleted. The
emissivity of the masonry surface is now normative
with the value (¢, = 0.8) and as there is no need to
give information about the nationally determined
safety parameter yGiobal, the requirement has been de-
leted.

2.3 Technical clarifications concerning surface
finishes

As there is no available test evidence justifying the
previously existing exclusion of General Purpose
Mortar according to EN 998-1 (CEN, 2016a) as a
suitable finish for fire protection, this type of mortar
is now included.

It has now been clarified that a second leaf of ma-
sonry (i.e. the external leaf of a cavity wall or the
second leaf of a double leaf wall) provides at least
the equivalent fire protection as an applied suitable
plaster or render. In these cases, the tabulated values
for plastered walls can be applied. It is also clarified
that an appropriately applied non-combustible ther-
mal insulation system is a suitable fire-resistant fin-
ish.

3 TABULATED DATA METHOD FOR NON-
LOADBEARING WALLS

3.1 General

Current Annex B gives tabulated data for the verifi-
cation of non-loadbearing and loadbearing walls and
provides design solutions for standard fire exposures
of up to 240 minutes. In the tables, minimum values
of thickness are given for walls with and without
plaster for different types of masonry (clay, calcium
silicate, dense and lightweight concrete, autoclaved
aerated concrete and manufactured stone). Other pa-
rameters taken into account are gross density, per-
centage of voids, types of masonry mortar and plas-
ter. For loadbearing walls, the fire resistance can
depend on the level of the applied vertical load. Us-
ing tabulated data, a designer can quickly verify
whether the wall thickness for a normal temperature
design, is acceptable under fire conditions.



3.2 Current Status

The tables currently reported have been devel-
oped based on a significant number of experimental
results made in accordance with former national test
standards. These results, were confirmed by experi-
ence and theoretical evaluations of tests. According
to Meyer (2013), the experimental results considered
in the development of the current tabulated values,
were mainly provided by Belgium, Germany and the
United Kingdom. In the current version of EN 1996-
1-2 (CEN, 2005b, 2010b), no agreement could be
reached about minimum wall thicknesses at the Eu-
ropean level, so the tables in current Annex B con-
tain ranges of values, covering experience from the
countries involved in the standardization process.
More details are reported by Schlundt & Meyer
(2014).

3.3 Revision process

As mentioned, one of the goals of the revision of EN
1996-1-2 (CEN, 2005b, 2010b) is to reduce the
number of NDPs. For this reason, Project Team
SC6.T2 will attempt to find agreement on minimum
wall thicknesses at the European level. To reduce the
range of values, the revision of tabulated data will
focus only on non-loadbearing walls, since for this
type of wall no global safety factors are reported. In
this framework, Member States have been asked to
provide explanations/background documents on the
tabulated data currently reported in their National
Annexes. For the time being, only results from tests
carried out according to EN 1363-1 (CEN, 2012b)
and EN 1364-1 (CEN, 2015) will be taken into ac-
count as reference data. The revised tabulated data
will be presented in a new Annex A.

4 NEW ANNEX B ON THE INPUT
PARAMETERS FOR DESIGN BY
CALCULATION

4.1 Motivations

The current version of EN1996-1-2 (CEN, 2005b,
2010b) offers only tabulated data as a reliable meth-
od for structural fire assessment. The current Annex
C presents an assessment method of masonry piers
based on the definition of parts of the cross-section
with reduced and zero resistance due to the rise in
temperature. The current Annex D presents some
functions of temperature for the thermal and me-
chanical properties to be used in advanced calcula-
tion methods that are not defined. The content of
these two Annexes is generally considered as not be-
ing reliable for design because of the absence of val-
idation by experimental tests.

There is a need to replace the existing calculation
method Annexes with a new Annex B to maintain
consistency with the main text of EN1996-1-2

(CEN, 2005b, 2010b) and parts 1-2 of the other Eu-
rocodes. In particular, the possibility to follow a per-
formance-based design approach needs to be pre-
served. On the other hand, although technical
literature provides contributions to the prediction of
the mechanical behaviour of masonry panels subject
to fire (Andreini & Sassu, 2011), it has been recog-
nized that currently there are no calculation methods
which have been calibrated against full scale wall
samples. Thus, the new Annex B is intended to pro-
vide an experimental procedure for the determina-
tion of the input parameters to be adopted in future
advanced calculation models, which subsequently
would require to be validated by experimental tests
on wall panels in accordance with EN 1364 (CEN,
2015) and EN 1365 (CEN, 1999, 2013a). After such
validation, the calculation models can be adopted to
predict the thermo-mechanical behaviour of more
complex elements (e.g. walls with openings), parts
or the entire building structure.

As a further useful tool, the new Annex B will
provide pre-set stress-strain curves for some specific
materials.

4.2 Thermo-mechanical response of masonry
materials

As stated in the current version of the Annex D,
advanced calculation methods for thermal and me-
chanical response should be based on the acknowl-
edged principles and assumptions of the theory of
heat transfer and structural mechanics, considering
the changes of mechanical properties with tempera-
ture.

The thermal response model should include consid-
eration of the relevant thermal actions specified in
EN 1991-1-2 (CEN, 2002b, 2013b) and the tempera-
ture dependent thermal properties of the materials.
The influence of moisture content and of migration
of moisture within masonry may conservatively be
neglected. The effect of non-uniform thermal expo-
sure and of heat transfer to adjacent building com-
ponents may be included where appropriate. The
pre-set curves of thermal conductivity, specific heat
and density as a function of temperature provided in
the current Annex D for some given materials are
expected to be reported in the new Annex B.

The values of a generic mechanical property X at a
certain material temperature 6, is indicated with Xy
and it is given by the product keX, where £y is the re-
duction factor expressed as a function of 6.

In particular, referring to EN 1990 (CEN, 2002a,
2005a, 2010a), the design values of the material
strength, Xy 5, 1s defined as follows:

Xy =S (1)

M, fi

where Xk is the characteristic value of the strength of
the material for normal temperature design to EN



1996-1-1 (CEN, 2012c) and ywm;s 1s the partial safety
factor for the relevant material property, for the fire
situation. The effects of thermally induced strains
and stresses both due to temperature rise and due to
temperature differentials, should be considered.

According with Andreini et al. (2014, 2015), X
can be expressed as a second order polynomial func-
tion:

X, = A, + A0+ A,6°, ()

where 4y, A; and 4>, are parameters to be defined by
a regression on the results of experimental tests car-
ried out in accordance with the section 4.3 and 4.4.
The reduction factors ko can be, therefore, defined
as:

ke:1+%49+%92. 3)

Still referring to Andreini et al. (2014), the stress-
strain relationship in function of temperature is giv-
en by the following equation:
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(0) are respectively the

reduction factors k¢ for the characteristic compres-
sive strength fmatx and the ultimate strain &mat,u.

The parameter nmar characterizes each type of mate-
rial, regardless of the temperature, and can be de-
termined by regression analysis of experimental test
results. Pre-set values of the parameters nma, Ao, A1
and A> for some given materials are reported in sec-
tion 4.5.

As mentioned, the stress-strain relationship in Equa-
tion 4 can be used in calculation models of masonry
members and the safety verification is carried out by
checking that

Epy (1)< Ry ©

in which Egq is the design effect of actions for the
fire situation, determined in accordance with EN
1991-1-2 (CEN, 2002b, 2013b), including effects of
thermal expansion and deformation, Rf 4 is the cor-
responding design resistance in the fire situation and
t 1s the designed duration of fire exposure.

4.3 Experimental procedure to determine the
material stress-strain relationship as a function
of temperature

A brief description of the experimental determina-
tion of the mechanical property functions of temper-
ature is described in this paragraph. A more exten-

sive description is reported by Andreini et al. (2015).
The experimental tests are carried out on cylindrical
samples having a diameter of 100mm and a height of
200mm, in accordance with EN 12390-1 (CEN,
2012a). There have to be at least 3 samples for i-th
value of the temperature 6;, for which the mechani-
cal property value X has to be investigated.

Each sample is heated in accordance to the re-
gime indicated in Table 1. Once the test temperature
6; is achieved, the free thermal strain g of the sam-
ple is measured and a compressive test having the
same accuracy and load rates of EN 12390-3 (CEN,
2019b) is performed, recording displacement and
applied load, in a period of time short enough to lim-
it the heat dispersion: the temperature decay on the
lateral surface of the sample has not to exceed 5% of
6. From the applied load and the displacement read-
ings, the related stress and strain values are evaluat-
ed.

Table 1. Heating regime for the experimental tests.

Temperature Period of time ~ Temperature rate
[hours] [°C/min]

From 20 to 100°C 0.5 2.67

100°C 2.0 0.00

From 100°C to the 15 Test temperature 6;

test temperature 6; ' /90 min

Test temperature 6; 2.5 0.00

4.4 Data treatment to determine the mechanical
properties variation as a function of
temperature

The determination of the parameters Ao, A1 and A»,
and mma requires that the experimental tests de-
scribed in paragraph 4.3 be executed at least at 2 dif-
ferent temperatures 6; in addition to the room condi-
tions (e.g. 1=20°C, 6,=300°C and 63=600°C). From
the stress-strain curve recorded for the j-th sample
tested at the temperature 6;, the maximum stress is

identified as the compressive strength f .. and the

corresponding strain as the ultimate strain & 4.
The mean and the characteristic compressive
strength and the ultimate strain at &; are given by the

following formulae:

nS
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where ns>3 is the number of samples tested at the
temperature ¢; and SD,, is the standard deviation of

the compressive strength readings f, . given by:
ng 2
Z(fmat,ei,j - fmat,ei,m )
SD@I = 'I=1 . (7)

n,—1
Taking the characteristic compressive strength as an
example, the coefficients Ao, 41 and A> can be de-
termined by means of the least squares method for a
quadratic regression, which is based on minimizing
the minimum of the sum S(4o, 41, A2) given by:

Ty

S(AoaAvAz): Z|:fmat,k,9i _<A0 +A40,+ 4,0 )T -(8)

i=1

In the same way, the coefficients 4o, A1 and A> for
the mean compressive strength and the ultimate
strain can be determined. It is worth mentioning that
the polynomial regression model shall have the in-
tercept close to the room temperature value.
Analogously, the coefficient #mar can be determined
minimizing the sum S(7may) given by:

r 12
E.
J
ny g o nmat e
o j mat,u,0i,j
S(nmat) - z - Mimat ’(9)
i=l j=l fmat,ei,j gj
n.—1+
L gmat,u,ei,j

where ng is the number of temperatures investigated
in the tests, g and ¢; are respectively the stress and
the strain from the readings of the j-th tested sample.

4.5 Pre-set stress-strain curves for some given
materials

The new Annex B is foreseen as providing some

pre-set stress-strain curves for some

specificmaterials. Such curves come from the

experimental campaign carried out by Andreini et al.

(2014; 2015) on about 200 samples, following the

procedure described above in paragraphs 4.3 and

4.4. The materials covered are:

— Aerated Autoclaved Concrete (AAC) with a den-
sity of 530 kg/m?;

— Lightweight aggregate concrete (LWC) with a
density of 1600 kg/m?;

— Lightweight aggregate concrete with Lapillus
(LWC-LAP) with a density of 1832 kg/m?;

— Lightweight aggregate concrete (LWC-FV) for
fagades with a density of 2012 kg/m?;

— Mortar M5 in conformity with EN 998-2 and EN
1015-11 (CEN, 2016b, 2019a);

— Mortar M10 in conformity with EN 998-2 and
EN 1015-11 (CEN, 2016b, 2019a).

The values obtained by Andreini et al. (2014; 2015)
for the coefficients 41/49 and 42/Ao in Equation 3 for
the mean compressive strength fmat,m, the characteris-
tic compressive strength fmaik and the ultimate strain
ematu for the mentioned materials are indicated in
Tables 2 and 3, and the graphs of the reduction fac-
tors as a function of temperature are shown in Figure
2. The values of nmat for the same materials are given
in Table 4 and the related stress-strain functions of
temperature from Equation 4 are illustrated in Fig-
ures 3 and 4.

Table 2. Ratios 41/4o and A2/Ao of Equation 3 for
some masonry unit materials, tested by Andreini et
al. (2014, 2015).

Mechanical A/Ao Ax/Ay
Property

AAC with a density of 530 kg/m?

Jimatm 9.34E-04 -1.67E-06
Jmatk 7.13E-04 -1.42E-06
Ematu 1.12E-03 0.00E+00
LWC with a density of 1600 kg/m?

Jimatm 9.65E-05 -1.08E-06
Stk 2.16E-04 -1.11E-06
Ematu 6.02E-04 2.08E-06
LWC-LAP with a density of 1600 kg/m?

Jmatm -5.58E-04 0.00E+00
Jmat -6.91E-04 0.00E+00
Ematu 2.27E-03 -1.19E-06
LWC-FV with a density of 1600 kg/m?

Jmatm -2.34E-04 0.00E+00
Jmat -8.79E-05 0.00E+00
Ematu 1.23E-03 4.60E-07

Table 3. Ratios A1/4o and A»/Ao of Equation 3 for
some mortars, tested by Andreini et al. (2014; 2015).

Mechanical Ai/Ay Ax/Ay
Property

Mortar M5

Jmatm 1.72E-03 -3.89E-06
Jmatk 2.14E-03 -4.92E-06
Emat,u 6.11E-04 2.24E-06
Mortar M10

JSmatm 9.01E-04 -1.92E-06
Jmatk 1.43E-03 -2.97E-06
Ematu 2.50E-03 8.12E-07

Table 4. Shape parameter 7nmar for masonry unit ma-
terials and mortars, tested by Andreini et al. (2014;

2015).
Material Mmat
AAC 7.9
LWC 8.2
LWC-LAP 10.8
LWC-FV 9.1
Mortar M5 3.4
Mortar M10 5.6
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Figure 3. Stress-strain curves in function of tempera-
ture for some block materials, tested by Andreini et
al. (2014; 2015).
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5 CONCLUSIONS

This paper presents the work of PT SC6.T2 of
CEN/TC250 for the revision of the EN 1996-1-2
(CEN, 2005b, 2010b). The potential reduction of
some NDPs is described. The improvement of the
background information concerning the tabulated
values of fire resistance is also presented. Finally,
the content of a new Annex B for the improvement
of the information on relevant material properties as
a basis for a future calculation method is described.
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