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PREFACE 
 
On behalf of the Organising and Scientific committees, as well as the CIB W-14 Commission on 
Fire Safety it is our pleasure to welcome you to the International Fire Safety Symposium - 
IFireSS 2015, which is organised by the CIB’s Commission W14-Fire Safety, ALBRASCI and 
University of Coimbra.  The Symposium aims to contribute to the exchange of ideas and 
knowledge in the area of Fire Safety and assist in planning future research activities in this area. 

CIB W14-Fire Safety is a Working Commission of CIB (International Council for Research and 
Innovation in Building & Construction) and its main objectives are: 
 
• To create an ongoing research and innovation focus for the development of a 
comprehensive, coherent, rational and empirical basis for a safe and sustainable built 
environment, which includes fire science and engineering practices and design methodologies; 
• To promote the acceptance of Fire Science and Engineering Practices, Procedures and 
Design Methodologies worldwide, and to encourage their use in Building and Fire Safety 
Legislation, Codes, Regulations and Standards; 
• To provide technical input, from a Fire Science and Engineering Perspective, to other 
relevant CIB Working Commissions and Task Groups; 
• To facilitate the transfer of state-of-the-art Fire Science and Engineering Technology at 
international level; 
• To encourage capacity building for Fire Science and Engineering worldwide. 
 
The Luso-Brazilian Association for Fire Safety (ALBRASCI) was established recently by 
Portuguese and Brazilian specialists in the area of Fire Safety to create a platform for the 
development of Fire Safety in Portugal and Brazil. 

The University of Coimbra (UC) is a reference in higher education and research in Portugal, due 
to the quality of the courses taught and to the advances achieved in pure and applied research 
in various areas of knowledge. UC is also well-known around the World due to the research and 
training in Fire Safety with an MSc and PhD in the area. 

The Symposium has participants from researchers around the world and covers a wide variety 
of research areas including: Structural Fire Safety; Mechanical and Thermal Properties of 
Materials; Fire Chemistry, Physics and Combustion; Fire Reaction; Fire Safety in Vehicles and 
Tunnels; Fire Risk Assessment; Smoke Control Systems; Firefighting and Evacuation; and Fire 
Regulations, Standardization and Construction Trends. 
 
Joao Paulo C Rodrigues        George Hadjisophocleous 
President of the Organizing Committee    President of the Scientific Committee 
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ABSTRACT 
 
Recent research works have concluded that corn cob may have interesting material properties, 
in particular, lightness, and thermal and sound insulation abilities. In this research work, corn 
cob is proposed as an alternative sustainable aggregate for lightweight concrete masonry unit 
(CMU) manufacturing. The corn cob requires to be granulated previously in order to obtain 
adequate particle size grade. Subsequently, the particles are wrapped in a cement paste with 
the purpose of reducing their water abortion and adherent capacities. CMU are current applied 
in the building of partition walls. The main goal of this research work consists on studying the 
fire behaviour of partition walls built with CMU of processed corn cob granulate (CMU-PCC).  
 
Keywords: Lightweight concrete unit; corn cob aggregate, organic material; masonry; 
sustainable construction; fire. 
 
 
1. INTRODUCTION 
 
The search for alternative environmental friendly building solutions has been the goal of the 
scientific and the technical communities. Affordable, low energy and good quality water 
consumptions, and small amount of CO2 emission into the atmosphere are important attributes 
that these solutions have to fulfil. In general, applying organic products as raw building materials 
may be a step forward to achieve these attributes because they are likely of being abundant,

                                                           
 Corresponding author –. e-mail: efonseca@ipb.pt 



 
 
 

Nuno Alves, Paulo Piloto, Elza Fonseca, Luísa Barreira, Débora Ferreira and Jorge Pinto   

 

332 
 
 

 

local and renewable. For instance, rice husk ash blended cement has been proposed as a 
partial substitute of cement in mortar production [1]. 
 
On the other hand, corn cob has also been proposed as an alternative aggregate for the 
manufacturing of lightweight concrete for non-structural applications [2]. In these cases, there is 
an additional advantage because these organic products are treated as agricultural waste [3]. 
 
In this research work, lightweight concrete unit based on processed granulate of corn cob 
(CMU-PCC) is proposed as an alternative building material. In this case, processed granulate of 
corn cob (PCC) works as a substitute of current applied lightweight aggregates such as 
expanded clay (EC). 
 
For the manufacturing process of CMU-PCC it was adopted geometrical and size typologies, 
composition and manufacturing technology similar to the ones currently applied in CMU based 
on expanded clay (CMU-EC). Therefore, this type of unit (CMU-EC) was used as reference in 
this study. 
 
Taking into account that partition walls are a potential building scenario in terms of the 
application of the CMU-PCC, the respective fire behaviour is fundamental to know. Thus, the 
main goal of this research work consists on giving a contribution in this context by performing an 
experimental and a numerical preliminary analysis of the proposed building material under 
specific fire conditions. 
 
Samples of CMU-PCC and CMU-EC were tested under fire conditions related to the standard 
fire curve indicated in ISO 834 [4]. The obtained experimental results allow understanding the 
behaviour of the units under severe fire conditions. In addition, these results are also used to 
validate a numerical model of the fire behaviour of these units. 
 
This paper is structured as follows: firstly, a brief description of the CMU-PCC is done; secondly, 
the adopted set-up of the fire test is explained; thirdly, the fire behaviour numerical analysis is 
introduced; fourthly, the main results are presented and discussed; finally, some conclusions 
are drafted. 
 
 
2. LIGHTWEIGHT CONCRETE UNIT BASED ON PROCESSED GRANULATE OF CORN 
COB (CMU-PCC) 
 
Medium sand (MS; 0.0 – 4.0 mm), coarse sand (LS; 0.8 – 3.0 mm), gravel (G; 2.0 – 6.0 mm), 
Portland cement 32.5 N (C), lightweight aggregate (LWA) and water (W) were the adopted 
constituents of the manufactured CMU. CMU-PCC (which their LWA is PCC) and CMU-EC 
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(which their LWA is EC) were prepared according to the following proportion in terms of weight 
1:1.02:1.22:2.04:0.76:0.88 (C/C:MS/C:LS/C:G/C:LWA/C:W/C) and 1:1.15:1.38:2.31:0.87:1 
(C/C:MS/C:LS/C:G/C:LWA/C:W/C), respectively. 
 
CMU were prepared considering the standard dimensions 500 mm × 200 mm × 200 mm (length 
(L) × width (W) × height (H)) with a +3/-5 mm dimensional tolerance. 
 
After the manufacturing process, the dimensions, the dry mass (mdry,s) and the bulk density (ρ) 
of CMU were assessed. The average (AVG), the standard deviation (SD) and the coefficient of 
variation (CoV) of these measures are presented in Table 1. 
 
 

Table 1: Dimensions, dry mass and bulk density of the studied CMU 
 L (mm) W (mm) H (mm) mdry,s (kg) ρ (kg/m3) 

 
CMU-EC 

 

AVG 497 201 199 11.494 1364 
SD 1.19 1.03 1.16 0.716 41 
CoV (%) 0.24 0.51 0.58 6.23 3.0 

 
CMU-PCC 
 

AVG 496 200 197 14.081 1748 
SD 0.62 0.49 1.57 0.778 60 
CoV (%) 0.12 0.24 0.79 5.52 3.5 

 
 
3. FIRE TEST 
 
At this preliminary research stage, the reduced number of samples available CMU-EC and 
CMU-PCC was a testing limitation. Therefore, it was necessary to simplify the test set-up 
prescribed for masonries in EN 1364-1 [5]. Thus, in both cases (i.e. masonry wall of CMU-EC 
and masonry wall of CMU-PCC), it was only possible to build a masonry wall with two CMU. 
Figure 1.a shows the case of CMU-PCC masonry wall sample. Another adopted testing 
procedure simplification is related to the fact that the masonry wall samples were tested in the 
horizontal position. Only the upper surface of each masonry wall samples has to be exposed to 
fire. The other surfaces of the samples were protected with fibreglass panels, according to 
Figure 1. 
 
Different types of thermocouples were applied in order to monitoring the thermal behaviour of 
each tested masonry wall. Therefore, ordinary thermocouples type K (T), disk thermocouples 
(TD) and plate thermocouples (TP) were used and placed as Figure 2 presents. Five TD (from 
TD1 to TD5) were placed on the underneath surface of the wall samples, Figure 2. In practise, 
these are the sensors which allow to evaluate the fire resistance of each tested wall. In addition, 
fourteen T (from T1 to T14, Figure 2) were inserted in the CMU. Plus, four TP (from TP1 to TP4, 
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Figure 2) were also placed at the intermediate hollows of the CMU. The temperatures measured 
by T and TP sensors will be used to validate the proposed numerical study (i.e. masonry wall of 
CMU-EC and masonry wall of CMU-PCC) in Section 4. 
 

  
Figure 1: CMU-PCC masonry wall sample. Left: Thermocouple application, Right: Lateral fire 

protection 

  
a) Plan view (mm) b) Sections A-A and B-B 

Figure 2: Schematic representation of the location of the thermocouple sensors 
 
The fire tests were performed using a fire resistance furnace existing at Polytechnic Institute of 
Bragança (Bragança, Portugal), Figures 1 and 3. This equipment is able to carry out the ISO 
834 standard fire curve test. 
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Figure 3: Fire test performance (Left: during test, Right: after testing) 

 
In order to evaluate the fire insulation ability of a wall, the temperature evolution on the 
unexposed surface was assessed (TD sensors are used for this purpose). In that surface, two 
criteria are necessary to verify. The first criterion consists on guarantying that there is not an 
average temperature increasing of 140ºC (related to the initial average temperature of that 
building element, TD0). Meanwhile, the second criterion consists on ensuring that an increasing 
of temperature up to 180ºC (related to the initial average temperature of that building element, 
TD0) does not occur in any point of that surface of the wall. 
 
TD0 is the average value of the temperatures measured by each TD sensor at the beginning of 
the test. In the cases of CMU-EC and CMU-PCC masonry wall samples, the quantified TD0 was 
26ºC and 22ºC, respectively. 
 
 
 
 
 
4. NUMERICAL MODELING OF THE FIRE BEHAVIOUR OF CMU-EC AND CMU-PCC  
 
Taking into account the adopted standard geometry and size of the CMU under research (Table 
1), a finite element mesh of the CMU masonry wall samples (built with 2 CMU) was defined 
considering SOLID70 (elements of 8 nodes, with 1 degree of freedom per node) of the Ansys 
computer programme [6], Figure 4. 
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Figure 4: Finite element mesh of the CMU masonry wall samples (built with 2 CMU) 

 
The temperature-dependent material properties of CMU under research are unknown. In 
particular, the thermal conductivity and the specific heat capacity of CMU-PCC. However, 
Eurocode 6 [7] presents data of these material properties for lightweight aggregate concrete 
units with a density range of 600 – 1000 kg/m3. Therefore, based on several numerical 
simulations and based on the experimental data (in particular, TP temperature measuring), it 
was possible to estimate the temperature-dependent material properties of CMU under research 
(CMU-EC and CMU-PCC). These material properties are indicated in Figure 5. In addition, the 
considered emissivity value was 0.87 which is related to cement based mortars. 
 

 
Figure 5: Temperature-dependent material properties of CMU-EC and CMU-PCC 

 
The considered boundary conditions were convection and radiation in the exposed surface to 
fire and in the hollows, respectively, [8]. It was numerically assumed that the temperature 
evolution of the surface of the wall exposed to fire was similar to the respective curve of ISO 
834. On the other hand, in the hollows of the CMU, the respective temperature evolution was 
based on the experimental measurements of TP (from TP1 to TP4, Figure 2.b). It was also 
adopted a convection coefficient equal to 25 W/m2K and a fire emissivity equal to 1. 
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5. RESULTS PRESENTATION AND DISCUSSION 
 
In both cases (CMU-EC and CMU-PCC masonry wall fire tests), there was acceptable 
concordance between experimental and ISO 834 fire curves (“Real forno” and ISO 834 curves 
in Figure 6) and according to [9]. At the same time, the temperature measurements by TP are 
also presented in Figure 6 (curves TP_e). These TP_e curves allow us understanding the 
temperature evolution of the walls during the fire test performance and also the fire behaviour of 
each element. As expected, in both cases, the upper part of the wall (related to TP1 and TP3, 
Figure 2.b) presented higher temperature than the lower part of the wall (related to TP2 and 
TP4, Figure 2.b). There was also a good agreement between TP1_e and TP3_e curves in both 
cases, Figures 6.a and 6.b. In contrast, there was a certain discrepancy between the 
measurements of TP2_e and TP4_e (Figure 6.a and 6.b). This fact may be justified considering 
the adopted simplified fire insulation of the wall. 
 

  
a) CMU-EC wall sample b) CMU-PCC wall sample 

Figure 6: Real and ISO 834 fire curves. TP curves (Note: “e” means experimental; “Real forno” 
means real furnace; “seg” means second) 

 
In order to complement the above information, Figures 7.a and 7.b present the temperature 
curves (TD_e) related to the measurements of the five TD placed on the surface unexposed to 
fire (Figure 2.a) of the CMU-EC and the CMU-PCC wall samples, respectively. For each case, 
the average temperature curve (TDmedia_e) and the numerical temperature curve (TD_n) are 
also plotted in Figure 7. 
 
In both cases, the second criterion has failed. As a result, CMU-EC and CMU-PCC masonry 
wall samples have shown a fire resistance of 83 minutes and 72 minutes, respectively. At the 
same time, in both cases, the wall samples also kept their structural integrity during the fire test. 
Therefore, both building elements have shown similar fire resistance behaviour which let us 
concluding that the standard CMU-EC and the alternative CMU-PCC may be adequate for 
partition walls concerning fire resistance ability. 
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a) CMU-EC wall sample b) CMU-PCC wall sample 

Figure 7: Temperature evolution of the surface unexposed to fire. Experimental (e) and 
numerical (n) values. (Note: TDmedia_e corresponds to the average value of the measurements 

of TD; “seg” means second) 
 
The verified acceptable concordance between TDmedia_e and TD_n curves for CMU-EC and 
CMU_PCC walls (Figures 7.a and 7.b, respectively) may allow us validating the proposed 
numerical model of the fire behaviour of each wall under research. The data presented in Figure 
8 also give strength for this validation. 
 

  
a) CMU-EC wall sample b) CMU-PCC wall sample 

Figure 8: Temperature in certain parts of the wall (experimental (e) and numerical (n)) 
 
 
6. FINAL REMARKS 
 
The fire resistance of CMU-PCC was evaluated in this research work. At each stage of this 
study, CMU-PCC was compared to CMU-EC which is a current applied lightweight concrete 
masonry unit for partition walls. 
 
In both cases, similar fire behaviour was verified. That fire behaviour was adequate and the 
materials have shown appropriate fire resistance after being under the exposure of the ISO 834 
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fire curve during 60 minutes. This fact, may indicate that the application of processed granulate 
of corn cob as a lightweight aggregate may be promising. 
 
A fire behaviour numerical model of CMU was also defined and proposed in this research work. 
The concordance between experimental and numerical values was acceptable. This numerical 
model has shown appropriate for both CMU-EC and CMU-PCC. The thermal-dependent 
material properties of these CMU were adjusted by this numerical model. In addition, the 
proposed numerical model may be useful for studying the fire behaviour of other standard 
geometrical solutions of CMU. 
 
It is worth to emphasize that this work corresponds to a preliminary stage. A more 
representative amount of CMU-EC and CMU-PCC wall samples, real size wall samples and 
testing the wall samples in the vertical position are some technical aspects that require to be 
considered in further research to be done in this context.  
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