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PREFÁCIO 
 
 
Este livro contém os resumos dos trabalhos apresentados às 8as Jornadas de Segurança aos 
Incêndios Urbanos e às 3as Jornadas de Proteção Civil (8JORNINC-3JORPROCIV), que 
decorreram no Porto, Portugal, no dias 1-2 de junho de 2023.  
 
 
Na presente edição das 8JORNINC-3JORPROCIV foram submetidos 50 trabalhos, tendo sido 
aceites 42. Os trabalhos foram distribuídos em 8 sessões paralelas temáticas, em adição a 2 
sessões plenárias. 
 
O evento foi iniciado e promovido em Portugal, sob a organização do professor Doutor João 
Paulo Rodrigues, com as 1as Jornadas de Segurança aos Incêndios Urbanos, em 2005, na 
Universidade de Coimbra, bem como nos anos seguintes, as 2as Jornadas de Segurança aos 
Incêndios Urbanos em 2011 e as 3as Jornadas de Segurança aos Incêndios Urbanos em 2013, 
também na Universidade de Coimbra. 
 
 
As edições seguintes aconteceram em diferentes locais: as 4as Jornadas de Segurança aos 
Incêndios Urbanos em 2014, no Instituto Politécnico de Bragança; as 5as Jornadas de Segurança 
aos Incêndios Urbanos em 2016, no Laboratório Nacional de Engenharia Civil em Lisboa; as 6as 
Jornadas de Segurança aos Incêndios Urbanos e 1as Jornadas de Proteção Civil em 2018, na 
Universidade de Coimbra; e as 7as Jornadas de Segurança aos Incêndios Urbanos e 2as 
Jornadas de Proteção Civil, em 2021, no Instituto Politécnico de Castelo Branco. 
 
 
As 8JORNINC apresentam grande importância num contexto atual de vários e graves incêndios 
urbanos, florestais e de interface em Portugal. A pertinência do tema da segurança na prevenção 
e no combate a incêndios, quer pelas consequências emergentes deste tipo de acidentes, quer 
pela necessidade de redução das ocorrências, do número de vítimas mortais, feridos, prejuízos 
materiais, patrimoniais, ambientais e sociais, leva a que as Jornadas se destinem a um leque 
alargado de profissionais e público em geral. 
 
 
As 3JORPROCIV têm como objetivo promover conhecimentos nas áreas da prevenção civil, de 
riscos e planos de emergência. Pretendem assim, contribuir para a atualização dos 
conhecimentos técnicos e científicos da segurança e proteção civil, no âmbito do planeamento e 
prevenção perante cenários de crise e emergência. As Jornadas de Proteção Civil permitem 
partilhar um leque de conhecimentos multidisciplinares suscetíveis de impulsionar uma 
intervenção por parte de técnicos, especialistas e dos agentes da proteção civil. A visão 
interdisciplinar e integradora dos problemas e desafios que a proteção civil apresenta será 
refletida na prevenção e mitigação dos riscos inerentes a uma situação de acidente. 
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Os trabalhos apresentados nesta edição, permitirão o avanço das 8JORNINC-3JORPROCIV, 
através da divulgação dos recentes desenvolvimentos e do conhecimento nos domínios da 
segurança ao incêndio e proteção civil.  
 
 
 
Por fim, a comissão organizadora das 8JORNINC-3JORPROCIV gostaria de agradecer: 
- o apoio dos patrocinadores e das instituições do Sistema Científico e Tecnológico;  
- a todos os autores que partilharam os seus excelentes trabalhos; 
- e aos elementos da Comissão Científica que auxiliaram no processo de revisão. 
 
Todos em conjunto, tornaram possível a realização destas Jornadas.  
 
 
 
 
 
 
 

A organização das 8JORNINC-3JORPROCIV: 
 

Elza M. M. Fonseca  
Hernâni R. Lopes  

Armando V. Campos  
Ana R. João  

António G. Magalhães  
João F. Silva  
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ABSTRACT 
Three different solution models were used to compare the fire performance of LSF walls with void 
cavities. The first solution method considers the air-structure interaction in the cavity region. The 
second solution method considers the existence of interface elements for the radiation heat 
transfer in the cavity region allowing the bulk temperature prediction. The third solution method 
considers the convection and radiation in the cavity region with a prescribed bulk temperature 
from experiments (hybrid). Solution methods 1 and 3 give a smaller root mean square error 
(RMSE), when compared with solution method 2. Solution method 3 gives a better approximation 
because can capture the main fire events during fire testing, such as the cracks and fall off. 
 
KEYWORDS: LSF; Fire; Cavity; Bulk temperature. 
 
1. INTRODUCTION 
 
The numerical validation is discussed towards the prediction of the fire resistance. Two distinct 
stud geometries have been selected, considering the experimental tests developed by Kolarkar 
and Mahendran [1], where the LSF walls are using three G500 lipped studs type C 
90x40x15x1.15, spaced every 500 mm, and the experimental tests developed by Dias et al. [2], 
where the LSF walls are using the G500 web-stiffened studs type Σ, 90x40x15x1.15, spaced 
every 450 mm. Both structures were protected by multiple 16 mm thick fireproof gypsum layers. 
 
2. MATERIAL AND MODELS 
 
All the models have been tested with single and double gypsum protection layers under standard 
fire conditions. The results for the specimen 3 are depicted in Figure 1. Temperature is compared 
over time for each experimental measurement available, over steel and gypsum. 
 

 
*Corresponding author – Instituto Politécnico de Bragança, Departamento de Mecânica Aplicada, Campus Santa Apolónia, 
Bragança, Portugal      email: ppiloto@ipb.pt http://www.ipb.pt 



 
 
 
 
 

Paulo A. G. Piloto; Stephan Gomes; Leonardo Torres; Carlos Couto; Paulo Vila Real 

37 
 
 
 
 
 
 
 
 

 

Solution method 1 

 

Solution method 2 

 

Solution method 3 

 
Figure 1 – Solution methods for specimen 3 and temperature history results. 

 
3. CONCLUSIONS 
 
All the models are overpredicting the experimental temperatures because standard furnace 
temperature has been used (not real furnace) and some fire events are missing in simulations 
(cracks, fall off of gypsum plates). Even though the effective properties are being used to mimic 
some singularities that occurred during the experimental tests. Solution methods 1 (CFD running 
with FVM) and 3 (hybrid model running with FEM) provide the smaller RMSE during the simulation 
of the experimental tests. The fire resistance has been predicted using the three solution methods. 
The relative error is also smaller for solution methods 1 and 3. 
 
REFERENCES 
[1] P. Kolarkar and M. Mahendran, “Experimental studies of non-load bearing steel wall systems 
under fire conditions,” Fire Saf. J., vol. 53, pp. 85–104, Oct. 2012.  
[2] Y. Dias, P. Keerthan, and M. Mahendran, “Fire perf. of steel and plasterboard sheathed non-
load bearing LSF walls,” Fire Saf. J., vol. 103, no. October 2018, pp. 1–18, 2019.   
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PREFÁCIO 
 
 
Este livro de ATAS contém os artigos apresentados às 8as Jornadas de Segurança aos Incêndios 
Urbanos e às 3as Jornadas de Proteção Civil (8JORNINC-3JORPROCIV), que decorreram no 
Porto, Portugal.  
 
 
Na presente edição das 8JORNINC-3JORPROCIV foram submetidos 50 trabalhos, tendo sido 
aceites 42. Os trabalhos foram distribuídos em 8 sessões paralelas temáticas, em adição a 2 
sessões plenárias, apresentados no dia 2 de junho de 2023. 
 
O evento foi iniciado e promovido em Portugal, sob a organização do professor Doutor João 
Paulo Rodrigues, com as 1as Jornadas de Segurança aos Incêndios Urbanos, em 2005, na 
Universidade de Coimbra, bem como nos anos seguintes, as 2as Jornadas de Segurança aos 
Incêndios Urbanos em 2011 e as 3as Jornadas de Segurança aos Incêndios Urbanos em 2013, 
também na Universidade de Coimbra. 
 
 
As edições seguintes aconteceram em diferentes locais: as 4as Jornadas de Segurança aos 
Incêndios Urbanos em 2014, no Instituto Politécnico de Bragança; as 5as Jornadas de Segurança 
aos Incêndios Urbanos em 2016, no Laboratório Nacional de Engenharia Civil em Lisboa; as 6as 
Jornadas de Segurança aos Incêndios Urbanos e 1as Jornadas de Proteção Civil em 2018, na 
Universidade de Coimbra; e as 7as Jornadas de Segurança aos Incêndios Urbanos e 2as 
Jornadas de Proteção Civil, em 2021, no Instituto Politécnico de Castelo Branco. 
 
 
As 8JORNINC apresentam grande importância num contexto atual de vários e graves incêndios 
urbanos, florestais e de interface em Portugal. A pertinência do tema da segurança na prevenção 
e no combate a incêndios, quer pelas consequências emergentes deste tipo de acidentes, quer 
pela necessidade de redução das ocorrências, do número de vítimas mortais, feridos, prejuízos 
materiais, patrimoniais, ambientais e sociais, leva a que as Jornadas se destinem a um leque 
alargado de profissionais e público em geral. 
 
 
As 3JORPROCIV têm como objetivo promover conhecimentos nas áreas da prevenção civil, de 
riscos e planos de emergência. Pretendem assim, contribuir para a atualização dos 
conhecimentos técnicos e científicos da segurança e proteção civil, no âmbito do planeamento e 
prevenção perante cenários de crise e emergência. As Jornadas de Proteção Civil permitem 
partilhar um leque de conhecimentos multidisciplinares suscetíveis de impulsionar uma 
intervenção por parte de técnicos, especialistas e dos agentes da proteção civil. A visão 
interdisciplinar e integradora dos problemas e desafios que a proteção civil apresenta será 
refletida na prevenção e mitigação dos riscos inerentes a uma situação de acidente. 
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Os trabalhos apresentados nesta edição, permitirão o avanço das 8JORNINC-3JORPROCIV, 
através da divulgação dos recentes desenvolvimentos e do conhecimento nos domínios da 
segurança ao incêndio e proteção civil.  
 
 
 
Por fim, a comissão organizadora das 8JORNINC-3JORPROCIV gostaria de agradecer: 
- o apoio dos patrocinadores e das instituições do Sistema Científico e Tecnológico;  
- a todos os autores que partilharam os seus excelentes trabalhos; 
- e aos elementos da Comissão Científica que auxiliaram no processo de revisão. 
 
Todos em conjunto, tornaram possível a realização destas Jornadas.  
 
 
 
 
 
 
 

A organização das 8JORNINC-3JORPROCIV: 
 

Elza M. M. Fonseca  
Hernâni R. Lopes  

Armando V. Campos  
Ana R. João  

António G. Magalhães  
João F. Silva  
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ABSTRACT 
Three different solution models were used to compare the fire performance of LSF walls with void 
cavities. The first solution method considers the air-structure interaction in the cavity region. The 
second solution method considers the existence of interface elements for the radiation heat 
transfer in the cavity region allowing the bulk temperature prediction. The third solution method 
considers the convection and radiation in the cavity region with a prescribed bulk temperature 
from experiments (hybrid). Solution methods 1 and 3 give a smaller root mean square error 
(RMSE), when compared with solution method 2. Solution method 3 gives a better approximation 
because can capture the main fire events during fire testing, such as the cracks and fall off. 
 
 
KEYWORDS: LSF walls; Fire resistance; Cavity modelling; Bulk temperature. 
 
 
1. INTRODUCTION 
 
Lightweight steel framing (LSF) walls are commonly used in modern construction due to their high 
strength-to-weight ratio and readiness for installation. These walls can use insulation material in 
the cavity region or can be left unfilled (empty or void). Empty cavities within these walls develop 
a fire performance that should be properly evaluated. Thermal models can also be used to 
simulate the behaviour of LSF walls with empty cavities in the case of a fire scenario. These 
models can predict the spread of heat through the empty cavity, allowing designers to identify 
potential fire hazards and make adjustments in the design to mitigate those risks. Several issues 
can arise when modelling the behaviour of fire in the cavity region of the LSF wall. One issue is 
the difficulty in accurately predicting the behaviour of fire within the cavity. Experimental tests are 
used to validate the accuracy of numerical models used to predict the behaviour of the wall in the 
buildings. Herein, three experimental tests are used to validate the three solution methods. The 
differences between the results obtained from numerical models and experimental results are 
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usually defined by errors, that might be caused by several factors (model simplifications, 
uncertainty in input data, model limitations, and experimental deviations). Previous research has 
been developed to evaluate the performance of the cavity insulation, the efficiency of the LSF, 
and the efficiency of the protection layer, among other design parameters. In 1996, Mohamed 
Sultan [1] presented the results obtained by the 1D finite difference method developed to solve 
the heat transfer model and compared them with experimental results over time. The model 
considered convection and radiation from both gypsum layers facing the cavity region but 
neglected the heat by radiation from the steel studs to the gypsum surface. This paper also 
presents the thermophysical properties of the gypsum type X (herein identified as Gypsum 2). In 
2002, Geoff Thomas [2] investigated the thermal properties of gypsum plasterboard at high 
temperatures and developed a finite element heat transfer model for LSF walls. The thermal 
conductivity has been modified at higher temperatures to capture ablation and the specific heat 
has been changed to avoid numerical instabilities. The thermal properties were considered 
effective and suitable to use in the finite element models. C. N. Ang and Y. C. Wang in 2004 [3] 
investigated the effect of moisture transfer in the gypsum plates, using an equivalent specific heat 
(effective) to develop the heat transfer analysis, without having to explicitly consider the effect of 
water movement. Keerthan P. and Mahendran M. in 2012 [4] studied the thermal behaviour of 
multiple layers of gypsum boards (without LSF) using the SAFIR finite element software and some 
previous experimental tests to validate the results. New simplified equations were proposed to 
predict the temperature evolution on the unexposed side of the gypsum layers when using varying 
thicknesses. Keerthan and Mahendran in 2013 [5] simulated the composite panels using SAFIR 
and discussed the necessity to use apparent thermal properties. Rusthi et al in 2015 [6] used the 
3D finite element model, applying only radiation inside the cavity region. The gypsum thermal 
properties were considered effective. The ABAQUS 3D numerical model was validated with 
experiments developed in 2010, but no error information has been provided. Jonathan Vallée in 
2016 [7] developed ABAQUS 3D thermal models using radiation and conduction in the cavity 
region. The author compared only the fire resistance, using the relative error, and found 
differences between the numerical and experimental results, ranging from 6% to 28%. In 2021, 
Tao et al. [8] developed the validation of numerical models using LSF walls made by SHS/RHS 
studs, highlighting the advantage of using closed shape studs in insulated cavities. The simulation 
of the heat transfer in the cavity region was made by radiation only and no information was given 
about the hollow region of the studs. In 2022, Samiee et al. [9] developed a numerical 
investigation to understand the effect of the steel plates and gypsum strips near the studs. The 
heat transfer in the cavity region accounts only for radiation and authors assume that convection 
may be neglected due to the restricted airflow inside the wall cavity. The use of strips can prevent 
a sudden increase in the temperature of the hot flange of the studs. The modelling of the cavity 
region was developed with radiation heat transfer only. Upasiri et al. [10] in 2022, made a 
numerical investigation to analyse the effect of different cavity concrete based insulation 
materials. The results have been compared with traditional LSF walls without cavity insulation 
material and with rockwool cavity insulation, for both fire scenarios (ISO834 and hydrocarbon). 
The simulation of the cavity region was developed by radiation only. The disadvantage of filling 
the cavity with lightweight concrete is the increase in total weight. Perera et al. [11] in 2022, made 
a numerical investigation regarding the insulation fire resistance of innovative solutions for walls. 
The use of back blocking in both stud flanges (stripes) and the use of discontinuous cavity 
insulation, improve the insulation fire resistance. These authors only used radiation for modelling 
the thermal behaviour of the cavity region, neglecting convection due to restricted air movement 
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inside the cavities. The fire performance on LSF walls is also being investigated by the authors, 
with the aim of: developing accurate numerical models based on the thermal analysis with air-
structure interaction [12]; validating the numerical models with experimental tests developed 
elsewhere [13], analysing the fire performance of LSF using the simplified one dimensional heat 
flow [14]; presenting a sequential numerical model to study the fire resistance of LSF walls made 
with composite panels [15], based on a hybrid finite element model [16] [17], and more recently, 
new research has been established on double stud LSF walls [18] and on the analysis of the 
critical temperature on load bearing LSF walls [19]. All these experimental tests have been 
developed in the reduced scale and full scale LSF wall specimens and the numerical simulations 
were developed accordingly. This current investigation establishes the best numerical modelling 
technique to simulate the fire behaviour in the cavity region, compares the effect of two different 
gypsum types, and the effect of different cladding systems (number and thickness of gypsum 
layers) on the fire resistance. 
 
 
2. METHODS, MODELS AND MATERIALS 
 
Three different two-dimensional (2D) numerical solution methods are presented to simulate the 
fire performance of the non-load-bearing LSF wall. All the models assume perfect contact 
between materials, see Figure 1. Solution method 1 uses the finite volume method (FVM) with 
thermal and fluid interaction for both parts, solid and fluid regions. This method considers laminar 
flow and is based on density variation. The grid for all the domains (solid and fluid) is presented 
in Figure 1, using the minimum cell size equal to 0.0003 m. Solution method 2 uses the finite 
element method (FEM) and considers only the thermal analysis for solids, assuming perfect 
contact between materials, see Figure 1. The transient and nonlinear thermal analysis is solved. 
One additional boundary condition is applied in the cavity region, assuming heat transfer by 
radiation between all the internal faces. This model can predict the bulk temperature of the cavity 
region. The two-dimensional (2D) analyses were developed using the finite element PLANE55 
and SURF151, both available in the Ansys library. Solution method 3 uses the hybrid finite 
element method (H-FEM) to simulate heat transfer by radiation and convection in the cavity 
region. This model can be used to determine the fire resistance of LSF wall with void cavities, 
assuming knowing the behaviour of bulk temperature. These bulk temperatures can be 
determined by previous experiments. This solution method requires the existence of radiation and 
convection inside the cavity region. The convection coefficient can be assumed to be 17 (W/m2K). 
The two-dimensional (2D) analyses were made using the finite element PLANE55 alone, 
imposing the bulk temperature in the cavity. All these models are running with the standard 
boundary conditions applied on the exposed side and on the unexposed side [20]. The numerical 
validation is discussed towards the prediction of the fire resistance and fire performance during 
the tests.   
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a1) Solution method 1. a2) Cell mesh size 

 

b1) Solution method 2. b2) Finite element mesh size 2. 

 

c1) Solution method 3. c2) Finite element mesh size 3. 

Figure 1 – Three different methods were used to simulate the heat transfer in the cavity region. 
 
Two distinct stud geometries have been selected, considering the experimental tests developed 
by Kolarkar and Mahendran [21], where the LSF walls are using three G500 lipped studs type C 
90x40x15x1.15, spaced every 500 mm, see Figure 2, and the experimental tests developed by 
Dias et al. [22], where the LSF walls are using the G500 web-stiffened studs type 𝛴, 
90x40x15x1.15, spaced every 450 mm, see Figure 2. Both LSF structures were protected by 
multiple 16 mm thick fireproof gypsum layers (gypsum 1). Thermal properties are required to solve 
the numerical models, see Figure 2. This introduces the nonlinearity to the solution, for which it is 
required to use an incremental and iterative method. For solution method 1 the iterative method 
is based on the verification of the residuals for velocity, using the absolute difference of 10-3 in 
each direction, the residual for the continuity with an absolute difference of 10-3, and the residual 
for temperature with an absolute difference of 10-6. For the solution method 2 and 3, the 
convergence is verified by the heat flow, using a tolerance value of 0.001 and a reference value 
of 10-6 [W]. These properties were selected from established standards [23], [24] and 
experimental studies [1] [25].   
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a) Single layer model from Kolarkar and Mahendran [21] 
(specimen 1). 

d) Steel thermal properties [23]. 

b) Double layer model from Kolarkar and Mahendran [21] 
(specimen 2). 

e) Gypsum thermal properties [1], [24]. 

 

c) Double layer model from Dias et al. [22]. (specimen 3) f) Air thermal properties [25]. 

Figure 2 – Models and materials used for validation. 
 
 
3. ACCURACY OF THE NUMERICAL MODELS 
 
This section presents the comparison of the results for each specimen, using the three solution 
methods. The comparison is presented by the Root Mean Square Error (RMSE) for the 
temperature evolution of each component and by the relative error used to determine the fire 
resistance developed by insulation (I). The steel frame from test Specimen 1 was protected on 
both sides by a single layer of plasterboard (16 mm) without any joints [21], see Figure 2. Figure 
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3 presents the comparison between the experimental results and the numerical results. Figure 3 
also depicts the temperature field for all the solution methods, including the air velocity field for 
solution method 1. The unexposed temperature is characterised by the average and the maximum 
temperature. The average temperature (UNEX) is compared for all solution methods being 
noticed that this evolution starts to increase sooner when using solution method 2 after 65 min 
and later on when using solution method 1 (99 min). The temperature field is also depicted in the 
solid region for all solution methods, including the air temperature in the fluid region for solution 
method 1. 
 

 

 
a1) Specimen 1 with solution method 1. a2) Specimen 1 with solution method 1. 

 

b1) Specimen 1 with solution method 2. b2) Specimen 1 with solution method 2. 

 

c1) Specimen 1 with solution method 3. c2) Specimen 1 with solution method 3. 

Figure 3 – Comparison of results for specimen 1. 

 
The RMSE is quite good when using solution method 1 and solution method 3, [26]. Solution 
method 2 is producing higher RMSE and this may be explained by the missing component for the 
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heat flow (convection). For the first 60, 100 and 120 min of comparison. Solution method 1 
presents an average RMSE of 76.3 ºC, while solution method 2 is presenting an average RMSE 
of 144.2 ºC. The RMSE for solution method 3 is 61.7 ºC. The experimental fire resistance for 
insulation was 89 min. Solution method 1 overpredicts this value with a difference of 11%, while 
solution method 3 underpredicts the fire resistance by 18%. Specimen 2 was built with two 
gypsum layers on each side [21]. Figure 4 presents the difference between the experimental and 
numerical results for specimen 2. Solution method 1 predicts 240 min of fire resistance, even 
though the numerical solution is only presented to the maximum registry time from experiments. 
The fire resistance from solution method 3 will be higher than 200 min.  
 

 

 
a1) Specimen 2 with solution method 1. a2) Specimen 2 with solution method 1. 

 

b1) Specimen 2 with solution method 2. b2) Specimen 2 with solution method 2. 

 

c1) Specimen 2 with solution method 3. c2) Specimen 2 with solution method 3. 

Figure 4 – Comparison of results for specimen 2.  
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Solution method 2 is producing a higher RMSE and the reason is the same. Specimen 3 was built 
with two gypsum layers [22], and the results are presented in Figure 5. The insulation failure was 
defined by the average temperature criterion after 252 min of fire exposure. This specimen has 
the same level of fire protection when compared to specimen 2, which means that for the same 
wall thickness, the geometry effect of the stud is not making any difference for the insulation fire 
resistance. Once again, solution method 2 underpredicts the fire resistance (169 min). Solution 
method 1 predicts 244 min of fire resistance. The insulation fire resistance from solution method 
3 presents an intermediate value of 225 min.  
 

 

 
a1) Specimen 3 with solution method 1. a2) Specimen 3 with solution method 1. 

 

b1) Specimen 3 with solution method 2. b2) Specimen 3 with solution method 2. 

 

c1) Specimen 3 with solution method 3. c2) Specimen 3 with solution method 3. 

Figure 5 - Comparison of results for specimen 3.  

 



 
 
 
 
 

8as Jornadas de Segurança aos Incêndios Urbanos e as 3as Jornadas de Proteção Civil 
Instituto Superior de Engenharia - Portugal - 1-2 de junho de 2023 

121 
 
 
 
 
 
 
 
 

Once again, solution method 2 is producing the highest RMSE. For the first 180 min of 
comparison, solution method 1 presents an average RMSE of 39.2 K, while solution method 2 is 
presenting an average RMSE of 74.4 ºC. The RMSE for solution method 3 is presenting an 
average RMSE of 41 ºC. The experimental fire resistance can be compared with the numerical 
results. Both solution methods 1 and 3 present small relative errors, representing 3 and 10%, 
while solution method 2 presents the highest relative error (33%). 
 
 
4. CONCLUSIONS 
 
All the models are overpredicting the experimental temperatures because standard furnace 
temperature has been used (not real furnace) and some fire events are missing in simulations 
(cracks, fall off of gypsum plates). Even though the effective properties are being used in order to 
mimic some singularities that occurred during the experimental tests. Solution methods 1 (CFD 
running with FVM) and 3 (hybrid model running with FEM) provide the smaller RMSE during the 
simulation of the experimental tests. The fire resistance has been predicted using the three 
solution methods. The relative error is also smaller for solution methods 1 and 3.  
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