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Abstract: If a structure is considered to be part of the cultural heritage, special laws exist which make it 
particularly difficult to modify the building itself, even if the modification itself is intended to preserve it. The 
mismatch caused by the presence of conservative and fire safety needs leads to either the alteration of the 
original layout or the unsuccessful implementation of safety measures. Fire protection of historic buildings is 
able to find appropriate solutions under prescriptive rules only in rare cases. In this situation, performance-
based techniques seem to be the only approach that guarantees both heritage safety and preservation. Because 
of deficiency of regulations in performance-based techniques, the relevant Ministry provided us with a 
specific oriented Decree: DM dated 9.5.2007 “Direttive per l’attuazione dell’approccio ingegneristico alla 
sicurezza antincendio" (Guidelines for the implementation of Engineering Performance-Based approach to 
fire safety). The decree can be adopted for identification of security measures in historic or architectural 
buildings of relevance, or in case of request of derogation from a specific/prescriptive technical regulation. In 
this paper the authors discuss some important considerations using performance approaches in the 
development of an effective fire protection strategy in the specific case of office in a historic building. Safety 
performance objectives have been carried out by using the “Fire Dynamics Simulator” (FDS) and the 
“EVAC” evacuation simulator, both developed from the U.S. National Institute of Standards and 
Technology (NIST). Respect of fire prevention objectives and building preservation have been addressed by 
proposing and validating compensatory measures that are adequate for the specific case beyond the regulation 
requirements. Being such requirements developed for specific activities, these might be oversized or 
incomplete if referred to historic or architectural buildings of relevance. 
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1. Introduction  

According to Italian regulations, any building may be 
considered historically relevant if it is more than 50 years 
old. Italian heritage includes at least 95.000 monuments 
and churches, 30.000 historic buildings, 3.500 museums, 
2.000 archaeological sites and 900 theatres. Among these 
figures, entire historic centres of town centres, and often 
entire towns must be considered as part of this heritage. 
One of the main goals in renovation projects of historic 
buildings is to preserve of the original architecture by 
minimizing the impact on historic fabric and at the same 
time, by complying with the life safety provisions of 
modern building codes. In terms of fire safety approach, a 
heritage building requires a relatively more sensitive 
approach compared to a new building. (Kidd, 2005) 
suggested that all fire protection improvements for 
heritage buildings should follow at least 6 principles:  

 Minimal Intervention: any changes made on a listed 
or heritage building must have as little impact as 
possible on the building itself and on its fabric. 

 Reversibility: any changes made on a heritage or 
listed building should wherever possible be 
reversible. 

 Essential: only the minimum amount of work 
necessary to achieve the stated objective(s) 
should be undertaken. 

 Sensitive: fire protection devices, equipment and 
systems should be installed by considering the 
overall appearance of the building and by having 
a minimum impact on the fabric of the building 
which these installations are intended to protect.  

 Appropriate: the fire protection measures adopted 
must be appropriate to the level of risk. 

 Legal Compliance: The fact that certain fire 
protection measures are required by law does not 
overrule the need to comply with other legal 
requirements. 

In the case of office activity, the legal compliance must 
include hygiene and health rules which have to be 
enforced without any regards to the age or the historical 
value of the building. Compliance with prescriptive 
criteria is no longer the sole option available to provide a 
high level of life safety, accessibility requirements and 
heritage preservation. The purpose of this paper is to 
make a Performance-based safety analysis of a historic 
building earmarked as office, to estimate the safe egress 



time and to validate the influence of fire protection 
devices, equipment and systems on occupant tenability. 
No reference will be made to cost analysis, because due to 
lack of data it is impossible to make an accurate evaluation 
of its impact on the strategies. 

2. The Italian regulatory framework 

In Italy all specific activities of fire prevention and fire 
extinguishing are passed on to the National Fire 
Department, under the Department of Internal Affairs 
(Ministero dell’Interno), and are structured into brigades 
by provinces, while preservation of historic buildings 
(publicly or privately owned) is under control of the 
“Board of Architectural and Environmental Heritage” 
(Sovrintendenza ai Beni Architettonici e Paesaggistici). 
According to Italian regulations in terms of Cultural 
Heritage (D.lgs. n. 42, issued on January 22, 2004), all the 
buildings which are at least fifty years old, are subject to 
precautionary preservation until the ministerial assessment 
and any renovations are subject to specific authorization. 
From the list of activities subjected to periodic 
surveillance from the Fire Department Brigade, specified 
in the Decree D.P.R. n.151, issued on August 1, 2011; it is 
remarkable that in case of heritage buildings under “Board 
of Architectural and Environmental Heritage” 
surveillances, the building itself is subject to control 
independently on the activity held within.  

For any heritage building and for high risk activities, the 
following obligations are established: 

 Acquisition of preliminary approval, on behalf of 
the territorial qualified Provincial Fire 
Department Brigade, for rehabilitative works, 
including normative adaptation and changes in 
purpose of use; 

 Acquisition of ‘’Fire Prevention Certificate” 
following on-site inspection by the provincial fire 
Department Brigade, after the completion of the 
works. 

From fire prevention perspective, technical regulations 
and standards are put out for specific set of activities, e.g. 
D.M. dated 22.2.2006 “Approvazione della regola tecnica 
di prevenzione incendi per la progettazione, la co-
struzione e l’esercizio di edifici e/o locali destinati ad 
uffici” (Technical regulation of design, construction and 
maintenance of workplace). The remaining activities must 
observe generic safety principles stated in other Decree 
(e.g. D.lgs n° 139 issued on March 8, 2006; D.lgs n° 106 
issued on August 3, 2009; D.M. dated 10.3.1998; D.lgs n° 
238 issued on September 21, 2005). 

Rigid bounds are frequently too hard to be respected and 
often one is compelled to ask for derogations from the 
specific technical regulation to the local Fire Department 
Brigade. In the case of historic buildings and cultural 
heritage it is impossible to issue fire protection standards 
(Marsella, 2003), because some prescriptions are 
intolerable on preservation point of view. To release these 
constraints and to assure at least safety of human life, the 
relevant Ministry provided us with two oriented Decrees 

concerned with fire safety norms for historical and artistic 
buildings destined as museums, galleries, exposition 
centers, public shows, and archives (D.M. n. 569, issued 
on May 20, 1992 and D.P.R. n. 418, issued on June 30, 
1995). A major defect of prescriptive systems is that they 
do not work appropriately in unique buildings or where 
possible solutions are somehow constrained. Frequent 
constraints include aesthetic objections to the degree of 
compartmentation required in the regulations or an 
inability to meet egress requirements such as the required 
number of exits or maximum travel distances, due to 
building size or site restrictions (Bukowski et al. 2003). In 
1998, Wakamatsu et al., already listed the disadvantages of 
the prescriptive approach, including low flexibility in 
architectural design, difficulty in the use of new 
technology, and providing no incentives to improve 
safety. (Hadjisophocleous et al. 1998), also summarized 
these disadvantages and suggested that a performance-
based approach should be a suitable alternative. Italian 
government has recognized the need for fire engineering 
approach by using a specific oriented Decree: DM dated 
09/05/2007 and its later amendments and inclusions. 

3. Case study background  

The building served as single-family detached house, from 
the building completion in 1880 to 1966, when a major 
renovation expanded the building for office usage. 
Renovations had removed many of artistic and 
architectural features including staircase, flooring and 
furniture. The original sober architecture has been 
reinvented, by achieving a mezzanine floor and loft. Only 
in the ground hall original frescoes have been maintained 
with decorative flooring. Recently, significant effort has 
been devoted to determine the feasibility of renovating 
this building. Since the project involves a limited interior 
renovation, it is expected to comply with current 
construction and design regulations and several egress-
related concerns are identified. These concerns are related 
to one major architectural feature, which is stairs geometry 
and the lack of alternative emergency exit the main 
building. Traditional solutions such as providing 
reconfigured exits on external emergency stairs are not 
considered feasible on the basis of identification of 
relevant technical and administrative limitations. This 
prompted the desire for a performance-based analysis and 
design to achieve full occupancy load in agreement with 
existing prescriptive code requirements and eventually the 
restrictions of the “Board of Architectural and 
Environmental Heritage”. 

3.1 Building description 

The property consists of two buildings with load-bearing 
of 0.65 mt. for a total floor area of 2300 sq.m. The main 
building reaches a height of 14 mt. (from the street level 
to the lower level of the upper window on the 4th floor). 
The secondary building, higher than 4.50 mt., is composed 
of 2 floors. Both buildings have a basement for storage 
and service rooms interconnected by a corridor and stairs. 
On the ground floor, in addition to standard offices room, 
there is an equipped meeting room capable of 
accommodating 14 visitors. 



 

Figure 1. 3D render of the buildings 

Disabled people can access ground floor by a stair 
wheelchair lift, but they cannot leave the upper floor 
because elevator cannot be used in case of emergency.  

In the main building, the staircase is the unique path of 
egress travel from upper floors. The singular semicircular 
geometry involves noncompliance of prescriptive fire 
safety requirements:  

• lack of floor/stairwell compartmentation; 

• more than 15 steps per flight; 

• irregular steps rise; 

• irregular steps fun (less than 30 cm. measured at 40 
cm. from the rail); 

• irregular steps wide (due). 

The second floor has been employed as storage area 
because it is lower than Italian minimum standards for 
office rooms (height 2.70 mt.). On the third level there is 
the great hall with a capacity of more than 50 people (0.7 
people/sq.m.), and some loft rooms, lower than 2.7 mt., 
utilized to satisfy a variety of storage needs. The last floor, 

mainly used as workplace, has smaller windows and the 
ceiling has been equipped by skylights for compensating 
the lack of natural light radiation. This solution is a 
compromise that is not enough to meet the hygiene rules 
established to guarantee air renewal, which set the correct 
relationship (equal to 1/8) between window surfaces and 
walking area. In addition, the main building contains a 
smaller structure of 2 floors where office rooms are 
connected by a single corridor to the end of which there 
are two emergency exits, none of them is highlighted for 
emergency egress (Figure 1). 

3.2 The renovation project 

To balance historic preservation concerns with 
prescriptive code compliance, full occupancy load and 
space utilization, it is necessary a functional test and 
improvement of existing fire protection features, together 
with some feasible space utilization solutions and a 
reliable renovation safety project as summarized in 
Table1. 

3.3 Occupant load estimation 

Without any mentioned renovation work, the eligible 
occupancy load would be so limited to compromise the 
economical convenience of the building utilization. 
Thanks to the renovation project maximum occupancy 
load will be lower than 141 people, distributed on each 
floor as represented in Table 2. According to the 
classification of DM dated February 22, 2009, the building 
could be classified as “TYPE 2” from 101 to 300 
occupants. But to provide an acceptable level of safety for 
workers and occupants, it is necessary to solve the 
problem of egress from of the main stairwell, by 
requesting the Fire Department Brigade derogation for 
the specific prescriptive technical regulation and by 
proposing effective compensative solutions. 

 

 

Testing Space limitations Renovation project 

Smoke detection system 

Emergency light system 

Air conditioning and treatment units 

Electrical system  

Alarm system 

Fire extinguishers 

UNI45 hydrants 
 

Limit to 50 the number of seats in 
the great hall 

Limit to 60 quintals the content of 
paper inside the archives  

Material removal along the escape 
routes to achieve the lowest fire load

Appropriate compartmentation of 
archives 

Complete smoke detection coverage 
(including archives and deposit) 

Repositioning a new safety signs  

Tight closing of the dumb waiter 

Installation of fire door with safety 
handles panic 

Loft removal  

Creation of partitions to restore the 
proper relationship between 
windowed and walking area 

Installation of pressure group and 
water supply for hydrants network 

   

Table 1. The building renovation steps to prescriptive compliance 



  
Floor level (from the street level to the floor board) 

 
 

-1.6 mt. +2.2 mt. +5.4 mt. +8.2 mt. +10.7 mt. 

 Basement Ground floor Mezzanine Floor 1 Floor 2 Total 

Employees   22   28 20 70 

Caretaker:   2       2 

Personal Porter 2         2 

Cleaning and 
maintenance staff 

  1   1 1 3 

Visitors:   14   50   64 

Total 2 39 0 79 21 141 

Table 2. Occupant load at floor per occupants category 

 

4. Performance-based approach  

The approach used to developing performance-based fire 
and life safety analysis refers to the Italian Decree DM 
dated 09/05/2007: “Direttive per l’attuazione 
dell’approccio ingegneristico alla sicurezza antincendio” 
(Guidelines for the implementation of Engineering 
Performance-Based approach to fire safety). This 
document outlines a structured approach for generic 
performance-based analysis. Key topics include: defining 
project scope, identifying goals and design objectives, 
developing performance criteria, developing design fire 
scenarios, evaluating and validating trial designs. Some 
useful clarifications to the Decree have been achieved in 
later regulations:  

 “Lettera Circolare Prot. n. DCSPT/427” dated 
31/03/2008; 

 “Lettera circolare Prot. n. 4921” dated 
17/07/2007; 

 Decree n. DCPST-830 dated 17/07/2007. 

4.1 Protection goals and performance objectives 

The main fire protection task addressed in the 
performance-based life safety analysis is that “occupants 
can leave the works or be rescued by other means”. This 
has been selected in lieu of other potential goals listed in 
the annex I of European Union Council Directive 
89/106/EEC.   
From this fire protection goal, the specific design 
objectives of “providing adequate time for those people 
not intimate with the first materials burning, those people 
outside the room or compartment of fire origin, and those 
people outside the floor of fire origin to reach a place of 
safety without being overcome by the effects of fire and 
fire effluents” have been developed, based upon examples 
defined by the National Fire Protection Association 
(SFPE) in (Engineering Guide to Performance Based Fire 
Protection Analysis and Design of Buildings, 2000). 
ASET and RSET values indicate if performance 
objectives are achieved. The available-safe-egress-time 
(ASET) is defined as the time increment starting from the 
time when an occupant is alerted to a fire (usually taken as 

the alarm activation time) to the time the occupant has 
been exposed to an incapacitating dose of toxic gas or 
heat, or a limiting smoke obscuration. The time increment 
it takes to egress from a given residence, starting from the 
time an occupant is alerted to a fire, to the time the 
occupant leaves the residence, is defined as the required 
safe egress time (RSET); (ISO 13571 defines both ASET 
and RSET as starting from the time of ignition of the 
fire.). Thus, if ASET is greater or equal to RSET, then it 
means that occupants would have sufficient time to egress 
(Cleary, 2008).  
While fire modeling is used to assess interior environment 
in a fire simulation scenario to define ASET time, the 
egress modeling is used to outline an estimated evacuation 
range of times (RSET). The results of these two models 
are then compared to determine if at any time the paths of 
egress are considered untenable. This is accomplished by 
comparing the predicted conditions to the predetermined 
threshold levels of: 

 Maximum temperature limit 50 C° up to 600 sec. 
exposure (Meroney et al., 2008); 

 Visibility 10 mt. as supported in (SFPE Handbook 
of Fire Protection Engineering, 2003); 

 Fractional Effective Dose (FED) 0,3 (Bukowski 
et al., 2008). 

This comparison is then used to assess whether or not the 
performance objectives have been obtained. 

4.2 Fire and egress modelling  

Given the complex nature of the building, the ability to 
monitor and record values for fire at specific locations and 
the possibility of visually verify the interior geometry and 
fire-growth, is essential for communicating results. The 
selected tool is the NIST’s Fire Dynamics Simulator 
(FDS) which simulates the gas phase fire environment of 
fire scenarios involving realistic geometries and by using a 
three-dimensional viewing program it gives a realistic 
representation of the building and it provides a full real 
time visual representation of fire phenomena. In analyses 
in which life safety is the first goal, the determination of 
the time necessary to evacuate the occupants, is a key 



element. The egress model used for this analysis is 
FDS+Evac: the evacuation simulation module for Fire 
Dynamics Simulator (FDS). FDS+Evac allows us to make 
a simultaneous simulation of fire and evacuation 
processes. It can also be used to simulate the human 
egress process only, without any fire effects, e.g., a fire 
drill. FDS+Evac treats each evacuee as a separate entity, 
or an ’agent’, which has its own personal properties and 
escape strategies. The movement of the agents is 
simulated by using two-dimensional planes representing 
the floors of buildings. The basic algorithm behind the 
egress movement solves an equation of motion for each 
agent in a continuous 2D space and time. The forces 
acting on the agents consist of both physical forces, such 
as contact forces and gravity, and psychological forces 
exerted by the environment and other agents (Korhonen 
et al., 2010). 

4.3 Design of fire and fire scenario 

For the proof of safety objectives all relevant fire 
scenarios must be investigated, but characteristics of fire 
are subject to many indeterminate variables and infinite 
number of possible fire scenarios. To narrow the scenario 
gaps or the available data or technology used in the 
analysis, conservative assumptions play a significant role. 
Moreover, it is important to observe that a use of 
conservative assumptions helps to offset the effect of 
secondary assumption that would not have a direct impact 
on results, but could uselessly increase the complexity of 
the analysis on equal terms. According to this approach, 
Staffansson in 2010 proposed that in the selection of 
design fire, it is desirable that every assumed fire 
characteristic describes the worst credible fire. In this 
regard, a representative fire scenario is assumed to provide 
a reasonable estimate of the average consequence in case 
of fire accident. 

Generic fire scenario: 

 Primary building usage: office; 

 Full occupant load; 

 Absence of disables and other complicating 
mobility factors; 

 Working smoke detector system; 

 Working fire alarm system; 

 Accessible routes of egress (free from furniture, 
recycle bin, water dispenser etc.); 

 Fire scenario involves a strong heat source (a 
waste paper basket) that gives a fire growth rate 
of about 250 Kw/sq.m. 300 sec. after ignition 
(NFPA 92b); 

 Composition of burning items: 50% PVC, 
30%polyurethane and 20% wood, giving; 

• Carbon Monoxide yield 0,082 g/g, weighted 
from (Madrzykowski, D. et al., 2004) tabled 
values; 

• Soot yield 0,140 g/g, weighted from (Robbins 
et al., 2008) tabled values. 

4.4 Fire dynamic simulation results 

To improve the safety level of the building, stairwell is a 
critical issue for respecting safety requirements according 
to ASET estimation. Therefore, a measurement point has 
been placed in the stairwell at 1.5 mt. above each floor in 
order to evaluate toxic gas, heat exposure, and smoke 
obscuration when it approximates the head height of a 
standing person.(Figure 2.) 
 

 
Figure 2. Positioning of Thermocouples 

In the basement, there are no workstations, but still there 
is the possibility of people working in archives and 
deposits. It is therefore necessary to evaluate the ASET 
time in the basement. Representation of FDS simulation 
results have been illustrated in Appendix A.  
The three simulations represent different fire scenarios 
with the same fire by considering all external windows 
closed.  
 
Simulation 1 
Firstly we hypothesized that openings in the room of the 
building are open. It is the worst case boundary scenario 
adopted because during the fire smoke flows through the 
stairwell and then in the building rooms. ASET time for 
basement is 90 sec. that is equal to the exceeding time of 
visibility limit. For the upper floor the visibility limit is the 
most critical parameter, which gives an average for ASET 
of about 140 seconds.  
 

Simulation 2 
First improvement is given by installation of smoke 
extractors (or 2 grill door) of 5 sq.m. in the ceiling of 
stairwell to decrease the concentration of dangerous 
factors. The results obtained by the simulation exhibit 
remarkable FED loss; in the basement the alert level has 
been crossed after 1670 sec. from ignition. During the 
emergency egress it is important to underline a gain of 
over 100 sec. in the ground floor and more than 300 sec. 
in the upper floors in terms of visibility. The temperature 
trend reaches a more compact profile under the alert level 
for all floors with the exception of the basement. In that 
floor, the critical temperature was reached 10 sec. earlier 
than previous results, resulting in an ASET of 100 sec. By 
excluding the basement, the worse result refers to the 
ground floor where the visibility threshold exceeded at 
270 sec. Compartmentation of stairwell has been 
evaluated as further step in tenability improvement. If fire 



door works correctly, the compartmentation could be 
considered as an effective protection from the fire effects. 
Technical deficiencies and human behavior can invalidate 
the effectiveness of compartmentation. By a simulative 
approach it is possible to evaluate boundary conditions to 
obtain the worse consequences in the presence of smoke 
extractor and compartmentation stairwell.  
 
Simulation 3 
If fire door in basement level is open, or not perfectly 
closed, the egress indicator gives a general worsening. This 
improves the basement ASET up to 150 sec. Stairwell 
compartmentation, involves lack of smoke distribution at 
floors, resulting in an increase of smoke and gas 
concentration. Simulation results confirm that stairwell 
compartmentation effectiveness is interconnected to 
human behaviors, smoke detector, and self-closing devices 
system efficiency. A smoke-view simulation has been 
carried out in order to verify the assumptions above and 
to find further gaps in protection of occupants. Slice file 
snapshots of shaded temperature contours and smoke 
flows at various times show that at the same fire boundary 
conditions, stairwell compartmentation involves heat and 
smoke towards the adjoining building, and flow through a 
mean of egress and near an emergency exit. A further 
partitioning is necessary to protect buildings. By a 3D 
viewer it has been argued that two fire doors, one on the 
basement and one at the ground floor, must be installed in 
order to separate the adjoining buildings from fire effects. 
As represented in last image, threshold levels will be 
space- and time-circumscribed until the breakage glass 
temperature is reached, which allows the entrance of fresh 
air and smoke release facilitating the evolution of chemical 
reactions.  

4.5 Egress simulation results 

In the egress simulation all exits have been considered 
well-functioning and the egress route free from obstacles. 
The turnstile at the ground floor has been deemed open. 
Exits in the simulation (Figure 3) are: external gate (exit 
1), two emergency doors in the corridor between the 
buildings (exit 2 and 4) and a door on the right-hand side 
of the smaller building (exit 3).  
 

 

Figure 3. Emergency exit position 

Occupant typology is simulated by five types of virtual 
agents. The difference is given by speed, pre-movement 
type, and by their diameter as indicated in Table 3. 
 

Agent 
typology  

Pre-
movement 

time [s] 

Diameter 
[m] 

Speed 
[m/s] 

Cleaning staff 
(woman) 

602 [0,44…0,52]3 [0,95…1,35] 3

Employers 602 [0,44…0,58] 3 [0,95…1,55]3 
Employers 
Obese 

602 0,6 0,5 

Caretaker 300  0,5 [1,05…1,55] 3

Visitors 1201 [0,44…0,58] 3 [0,85…1,35] 3

Table 3. Agent typology 
1. (Shi et al., 2009)   2. (BS DD 240-1:1997) 3. (Korhonen et al, 2010) 

 

By command line KWOW_DOOR_NAMES and 
KNOWN_DOOR_PROBS of group &EVAC used for 
visitor, the external gate has been set as the only 
emergency exit from the buildings. The other agent exit 
selection depends on the nearest one. The agent position 
(see Table 4) reflects the actual position of building 
occupants in a full occupancy hypothesis. 
 

Agent typology Initial position in the 
building 

Cleaning staff (woman) Landing floors 
Employers/obese 
person 

Their offices 

Caretaker Hall 
Visitors Main hall, meeting room

Table 4. Agent's initial position 

A conservative assumption is adopted for stairs geometry, 
by setting the walking speed stair to 0.4 mt./s simulating a 
stair with a 45° slope (Shi et al. 2009). The obstructions 
caused by tables in the office, chairs in the main hall and 
meeting room and turnstile’s structure are all simulated by 
the command line &OBST. A 3D representation of 
FDS+EVAC egress simulation results and the evacuation 
trend are illustrated in Appendix B. 

The estimated egress time (RSET) for buildings occupants 
was 492 seconds (8 min and 12 sec.). By using Smoke-
view tools we observe that: 

 Turnstile slows down exodus and can create a 
“bottleneck”; 

 Agents exiting the main hall create a 
“bottleneck” on landing of the first floor; 

 In the main room any agent uses sideways 
emergency door to get to the stair to exit; 

 In the smallest building all agents prefer the door 
on the right hand side; 

 Floors egress path are not complicate. All agents 
can reach the stair quickly. 



Conclusions 

Renovations of historic buildings contribute to fire and 
life safety challenges, because the original architecture was 
not intended to comply with modern requirements. 
Compliance with prescriptive criteria is no longer the sole 
option available to provide a high level of life safety. 
Performance-based codes and analytical tools, such as 
advanced fire modeling, provide a mean for recognizing 
compensative technical solutions preserving the historical 
fabric construction. In this paper, have been estimated the 
available safe escape time and the required safe escape 
time (ASET/RSET) to evaluate the occupants egress 
ability in three significant fire scenarios. Focusing on 
building geometry and occupants characteristics, have 
been performed an egress simulation achieving an RSET 
time of 8 min in full load occupancy hypothesis. 
Occupants tenability have been evaluated comparing 
threshold levels of temperature, visibility and FED, with 
the trend of FDS simulation results. The first  scenario, 
refers to actual conditions, and provide an ASET time of 
1½min, pointing out the lack of minimum safety 
condition. Other simulations of two main scenario, 
validates the synergy between smoke evacuator and 
stairwell compartmentation which could improve the 
occupants tenability attending a reasonable level of safety 
conditions with minimal and reversible work. Focusing on 
3D smoke and temperature distribution in the worst case 
scenario,  it is possible to suggest further reliable works, 
through which aims to obtain an upper level of safety for 
occupants. The application of a performance-based 
approach could identify places where modifications are 
strictly necessary in order to fulfill the purpose of 
occupant tenability. This improves the preservation of 
historic architectures. The authors are going to carry out a 
comparative study by performing further analysis and real 
evacuation tests to design a reliable safety management 
system. 
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Appendix A. 

Fire Dynamic Simulation Results 

 

 Simulation 1 Simulation 2 Simulation 3 

External windows close X X X 

Internal door open X X  

Only one door open   X 

Smoke extractor open  X X 
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Basement crossing FED limit 300 sec. 

Other floors average crossing FED limit 400 sec. 

Basement crossing temp. limit 110 sec. 

Other floors average crossing temperature limit 240 sec. 

Basement crossing visibility limit 90 sec. 

Other floors average crossing visibility limit 140 sec. 
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Basement crossing FED limit 1670 sec. Basement crossing temp. limit 100 sec. Basement crossing visibility limit 120 sec. 

Ground floor crossing visibility limit 270 sec. 

Other floors average visibility limit 400 sec. 
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Floors average crossing FED limit 1430 sec. Basement crossing temp. limit 150 sec. 

Other floors average crossing tem. limit 220 sec. 

Basement crossing visibility limit 170 sec. 

Other floors average crossing visibility limit 200 sec. 



Slice* temperature comparison Smoke invasion comparison 

Simulation without 
compartmentation of the 
corridor between old part and 
new part 

Simulation with 
compartmentation of the 
corridor between old part and 
new part 

Simulation without 
compartmentation of the 
corridor between old part and 
new part 

Simulation with 
compartmentation of the 
corridor between old part 
and new part 

 
 

 

  

 

 

 

 

 
* slice position  

   
  

Basement floor Ground floor Mezzanine floor First floor Second floor 

 

  



Appendix B.  

Egress Simulation Results 

 

 

 

 

  

0
20
40
60
80

100
120
140
160

0 50 100 150 200 250 300 350 400 450 500

N
um

be
r 

of
 a

ge
nt

s

Time[s]

Number of agents evacuated from the building

Agent that get out the building

0
10
20
30
40
50
60
70
80

0 50 100 150 200 250 300 350 400 450 500

N
um

be
r 

of
 a

ge
nt

s

Time[s]

Number of agents evacuated from each floor of the building 

Ground floor of main building Ground floor of smaller building First floor of main building

Basement floor of main building Second floor of main building First floor of smaller building


