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Statement	of	Disclaimer	
 

This project report is a result of a class assignment; it has been graded and accepted as 
fulfillment of the course requirements. Acceptance of this report in fulfillment of the 
course requirements does not imply technical accuracy or reliability. Any use of 
information in this report is done at the risk of the user. These risks may include, but may 
not be limited to, catastrophic failure of the device or infringement of patent or copyright 
laws. California Polytechnic State University at San Luis Obispo and its staff cannot be 
held liable for any use or misuse of the project.   

 
Keywords: 

o Life Safety Code 
o Fire Dynamics Simulator 
o Prescriptive-Based Design 
o Performance-Based Design 
o Egress Analysis 
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Executive	Summary	
 
This report contains two separate forms of analysis, Prescriptive-Based Analysis and 
Performance-Base Analysis. The Prescriptive Analysis discusses an overview of the building and 
it’s features whereas the Performance-Based Analysis discusses the building meeting applicable 
codes and standards as discussed in NFPA 101 Life Safety Code 2012 Edition, Unified Facilities 
Code (UFC), International Building Code (IBC) 2012 Edition, and the SFPE Handbook of Fire 
Protection Engineering. The Child Development Center (CDC) was analyzed as a new 
construction building. There are also noted assumptions within the report where necessary 
information about the building could not be obtained due to information restrictions from the 
Government. 
 
The building discussed in this report is the Child Development Center (CDC) located in an area 
titled Murphy Canyon on Naval Base San Diego.  Due to the nature of the building and the 
citizens that utilize it, Common Access Cards (CAC) are required when visiting the building. 
The CDC is initially considered a Group I-4 Occupancy, but can be labeled as a Group E 
occupancy due to the building having egress exits in each classroom to the immediate outside. 
This building has no immediate adjacent building surrounding it.  
 
The prescriptive-based analysis within this document confirms that the building meets 
requirements of NFPA 101 Life Safety Code, NFPA 13, NFPA 17, NFPA 72, NFPA 92, Unified 
Facilities Code, and IBC. The report is also based on a CDC building expansion, which can be 
conducted at a later date. 
 
The performance-based analysis looks into the possibilities of fires arising in a staff break room. 
The software that aided this report for modeling each fire scenario is Fire Dynamics Simulator 
(FDS). The break room fire model involved a runaway coffee pot scenario that spreads to a 
polyurethane couch. In the event of a failure of the heat detection device located in the break 
room, the time from detection and notification by the quick response sprinkler would not allow 
enough time to instruct the occupants to leave the building before untenable conditions occurred. 
Also, the desired fire suppression system flow demand does not meet the requirement set at 
2,000 gpm. The flow test to the building shows a flow rate that is approximately 40 gpm less 
than the 50% reduction flow rate of the desired 2,000 gpm system demand. One recommendation 
to the project building would be the installation of a fire pump.  
 
Due to the nature of the building owner and operator, limited pictures and as-built drawings 
could be taken due to security measures.   
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Project Scope 
 
The Fire and Life Safety report contained within this document will discuss in detail the required 
Fire & Life Safety features of the Child Development Center as well as a Performance-Based 
approach to the analysis of the constructed building. The report will address Fire Suppression, 
Fire Detection & Alarm System, Egress Analysis, and Structural Fire Protection. 
 
This report shall be presented to the Authority Having Jurisdiction (AHJ). The list of applicable 
codes this building is analyzed with consists of: 
 

• UFC 3-600-01, “Fire Protection Engineering” 
• UFC 3-600-10N, “Fire Protection Engineering” 
• NFPA 13, “Standard for the Installation of Sprinklers” (2011 Edition) 
• NFPA 101, “Life Safety Code” (2012 Edition) 
• NFPA 72, “National Fire Alarm Code” (2013 Edition) 
• IBC, “International Building Code” 
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Building Overview 

 
The Child Development Center (CDC) is located in San Diego and is owned and operated 

by the Department of Defense, Naval Division. The building is a type VB construction with a 
Gross Square Footage of 12,727 ft2 and was designed for an allowable area increase of 45,125 
ft2. The CDC is a single story building and rated as an Occupancy E classification. This project 
was under construction from January 2014 through May 2015. The two open areas on each side 
of the CDC which contain the color green in Figure 1 are designated areas for the teachers to 
take the children out of the classroom each day for recess. 
 
 

 
Figure 1: Aerial View of Child Development Center 
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Figure 2: Top View of Child Development Center 

 
Figure 2 shows a top view of the Child Development Center. This image shows no 

surrounding buildings to the newly constructed center. Figure 3 shows the frontal view of the 
entrance and Figure 4 displays the lobby and reception area. 
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Figure 3: Front Entrance 

 
 

 
Figure 4: Lobby/Reception Area 

 
 

The reception area shown in Figure 4 is directly inside the main entrance of the building 
and is always staffed during normal business hours. This space consists of 5 separate work areas 
which include a reception desk, open administration desk, administration office, training office, 
and director’s office. 
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The ceiling consists of a drop down false ceiling that rests 9 feet above ground level. The 
building was constructed with only 3 areas containing fire rated walls. These areas consist of 
electrical rooms, laundry rooms, and commercial kitchens. Throughout the building are 
designated emergency exits with horn and strobe alarms as well as scrolling text panels located 
above the doors. Figure 4 shows an example of the scrolling text panels installed above the exit 
doors. These alarm devices are all controlled by a “EST3X” fire notification and alarm panel 
located in the reception area. This building is a fully sprinklered building, consisting of enough 
flow demand to meet a possible building expansion in later years. The next part to this report 
discusses the occupancy classification and means of egress. 
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Figure 5 
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Prescriptive-Based Analysis 
 
Egress Analysis 
 

Although this building consists of a kitchen, laundry room, and offices, its main purpose 
is for educational functions. Table 1 addresses the quantity of various room types within the 
CDC. The building is a one-story structure with designated exits to the immediate outside within 
each classroom. Figure 6 shows the 10 designated egress exits throughout the building. Since the 
building in this project is classified as fully sprinklered education, the maximum common path of 
travel is 200 feet, which is based on the assumption that each classroom is a non-fixed seating 
arrangement due to the rooms not having chairs inside them. In order to provide efficient means 
of egress in each classroom, each room is equipped with two (2) points of egress. These two 
points (doors) are positioned remote from each other in the case of a blockage to one means of 
egress passage. All of the egress exit signs are illuminated and clearly visible without any other 
objects obstructing the line of sight.  

 

 

Table 1: Types of CDC Components 

CDC Room Components Number 
of Items 

Classroom 6 
Kitchen 1 

Electrical Room 2 
Laundry Room 1 

Storage 7 
Office 5 

Staff Break Room 1 
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Figure 6: Egress Exits 
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Figure 7: CDC Classroom 

 
Figure 7 shows the inside of one of the classrooms located at the CDC. Note the 

illuminated exit sign in the upper left of the picture. Although the image may suggest that the 
exit door is partially blocked by a low table, it is not. Table 2 below shows the square-footage of 
each room in the CDC. 
 

Table 2: Areas of Individual Rooms in ft2 

CDC Rooms Area of rooms         
(sq-ft) 

Classroom (Preschool) 1416 
Classroom (Toddler) 932 

Kitchen 946 
Electrical Room 177 
Laundry Room 167 

Storage 60 
Office 110 

Staff Break Room 349 
 
 
 



	 16	

Occupant Load 
 

The Occupant Load Factor (OLF) was calculated by using the information found in Table 
7.3.2.1 of Life Safety Code 2012 (Table 3 below). Knowing the area of each classroom, total 
number of occupants per room can be determined to allow for safe egress. These values can be 
viewed in Table 3 below. 
 

Table 3: Maximum Occupancy of Rooms 

CDC Rooms Area of rooms         
(ft2) 

Max. 
Occupancy 

Classroom (Preschool) 1416 40 
Classroom (Toddler) 932 26 

Kitchen 946 9 
Storage 60 N/A 
Office 110 6 

Staff Break Room 349 23 
 
 
The equation below was used in order to determine the Occupant Load each room is assigned.   
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Exit Capacity 
 

According to the Life Safety Code, exit capacity should always be greater than the 
Occupant Load of any given inhabited area. Each classroom has 14 students and 2 teachers for a 
total of 16 individuals. Each room contains a 36” wide egress door to the outside environment. 
Table 7.3.3.1 of the LSC 2012 Edition discusses the capacity factor for level components. The 
equation below was used to determine the doorway capacity for each classroom.  
 

Table 4: Capacity Factors 

 
𝐷𝑜𝑜𝑟𝑤𝑎𝑦	𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 =

𝐷𝑜𝑜𝑟𝑤𝑎𝑦	𝑊𝑖𝑑𝑡ℎ
𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦	𝐹𝑎𝑐𝑡𝑜𝑟 

 
The Capacity Factor used is 0.2 yielding the inputs: 
 

𝐷𝑜𝑜𝑟𝑤𝑎𝑦	𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 = 	
36	𝑖𝑛𝑐ℎ𝑒𝑠

0.2  
 

𝐷𝑜𝑜𝑟𝑤𝑎𝑦	𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 = 180 
 
This verifies that the classrooms are in compliance with the Life Safety Code in terms of exit 
capacity. 
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Means of Egress 
 

In order for a means of egress system to be effective, the exit path of travel from the 
inhabited office/work area must be continuous and uninterrupted until the person is safely 
outside into the public way. If this route includes doors, then the route cannot be subject to 
locking from the side that people will be exiting from. A sub-category of an egress system is an 
exit passageway. According to the IBC section 1021, an exit passageway is any route of exit that 
is a separated fire resistance rated passageway (either corridors, stairs, connected rooms) that 
connects to the exit discharge. Figure 5 illustrates the locations of the 10 emergency exits located 
throughout the building. These 10 exits are spaced evenly throughout the building so that the 
furthest travel distance a person could encounter is 84 feet via a hallway leading to the outside. 
This building is not equipped with an assembly area for school gatherings. Therefore, each room 
is only required to have one exit in order to comply with the Life Safety Code since the occupant 
load is less than 50 people.  

The hallway, as seen in Figure 8, is 6 feet 8.5 inches wide and does not contain any 
obstructions inhibiting the travel paths which could become problematic in the case of an 
emergency. For this building, all rooms meet the Life Safety Code 2012. 
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Figure 8: CDC Hallway 
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Path of Travel 
 

Table 5 addresses the travel distances for new Educational and Day Care Centers. The 
longest travel distance a person could experience in this building is 84 feet, meaning an 
individual is located in between the hallway exit and the main lobby exits and is forced to leave 
via either the Hallway or Lobby Exits (both shown in Figure 9). This distance is significantly 
less that the Travel Distance Limit of 200 feet as specified in Table 5. 
 
 

Table 5: Travel Distances 
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Figure 9: Longest Possible Egress Travel Route 
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Illumination 
 

Section 1006.1 of the IBC states: “the means of egress, including the exit discharge, shall 
be illuminated at all times the building space served by the means of egress is occupied.” Exit 
signs must be placed throughout the building and clearly labeled as such. Failure to comply with 
this code would not let the occupants know where the nearest exit is in the case of an emergency. 
In case of an electrical malfunction, section 1006.3 states that a backup power supply must be 
readily available and must supply power for a time frame no less than 90 minutes. The backup 
power supply serves the aisles, enclosed stairways, corridors, ect... and must provide sufficient 
lighting in accordance with IBC section 1006.4. Each building exit sign complies with the IBC 
and NFPA 101 Life Safety Code. 

Timed Evacuation and Response 
 

When an emergency happens in a building, there is a delay that happens from the time of 
the initial hazard presents itself, until the occupant leaves the hazardous area. For example, when 
a fire begins to smolder, an occupant that is in the general area may not notice the hazard 
immediately. The faster a response time is (whether it be visual, physical, or audible) to a fire, 
the faster people exits the hazardous areas and ensure properly trained professionals are notified 
to handle the situation. Visual factors would include seeing smoke, flames, smoldering items 
(debris, wood, ect...).  

An audible alert would include a fire alarm, mass notification system, or other occupants 
informing each other about the fire. Due to this building being newly constructed, the fire alarm 
system has a mass notification system that includes a prompted audio instruction on where to 
proceed to safety, which is a NFPA 72 system and requires fire drills to ensure occupants are 
aware of how to proceed to the nearest egress exits. The fire panel is tied back to a dispatch 
center who then can contact the proper authorities of the given area to respond in a timely 
manner.  

Hand Calculation 
 

The time of safe egress was determined by incorporating various assumptions. First, a 
time for the faculty to react properly to an alarm notification system was needed, which was set 
at 10 seconds. This time is reasonable due to the alarm system being a mass notification system 
with audible commands. The speakers throughout the school will project the type of danger and 
help faculty and children react more quickly. Secondly, a time delay assumption of 14 seconds 
from when the faculty was notified of a fire was chosen because there are 14 students per 
classroom and performing a “head count” of each student prior to movement time is protocol 
during evacuations. Figure 11 shows the travel path used when calculating the egress time. The 
distance of travel is measured out to be roughly 14 meters (46.2 feet). Lastly, the walking speed 
of each occupant is was set at 0.55 m/s (1.82 ft/s). This value was determined by a study 
performed by the Technical University of Denmark on Evacuation Dynamics of Children (Figure 
10). The calculated Required Safe Egress Time (RSET) was determined to be 76 seconds, which 
can be seen on the following page. 
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Figure 10: Walking Speeds of Children 
 
 
Average time for faculty/toddlers to walk 14 meters (48.2 feet): 

𝑇𝑖𝑚𝑒	𝑡𝑜	𝑤𝑎𝑙𝑘	𝑝𝑎𝑡ℎ = 48.2	𝑓𝑒𝑒𝑡 ∗ 	
1	𝑠𝑒𝑐𝑜𝑛𝑑
1.82	𝑓𝑒𝑒𝑡 

𝑇𝑖𝑚𝑒	𝑡𝑜	𝑤𝑎𝑙𝑘	𝑝𝑎𝑡ℎ = 26.5	𝑠𝑒𝑐𝑜𝑛𝑑𝑠 

 
Total time to evacuate room: 

 
 
𝑇𝑜𝑡𝑎𝑙	𝑇𝑖𝑚𝑒 = 14	𝑠𝑒𝑐𝑜𝑛𝑑𝑠	𝑝𝑟𝑒𝑚𝑜𝑣𝑒𝑚𝑒𝑛𝑡 + 10	𝑠𝑒𝑐𝑜𝑛𝑑𝑠	𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛	𝑡𝑖𝑚𝑒 + 	26.5	𝑠𝑒𝑐𝑜𝑛𝑑𝑠) 

𝑇𝑜𝑡𝑎𝑙	𝑇𝑖𝑚𝑒 = 50.5	𝑠𝑒𝑐𝑜𝑛𝑑𝑠 

Safety factor: 1.5 
 

𝑇𝑜𝑡𝑎𝑙	𝑇𝑖𝑚𝑒 = 50.5 ∗ 1.5 
 

𝑻𝒐𝒕𝒂𝒍	𝑻𝒊𝒎𝒆 = 𝟕𝟓. 𝟖	𝒔𝒆𝒄𝒐𝒏𝒅𝒔 
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Figure 11: Path of Travel 
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Pathfinder 
 

Using computer modeling to help aid the analysis of safe egress in a building is a vital 
commodity. Pathfinder is the software used in this report to determine the egress time of a 
classroom. In order to properly model the scenario, there is an initial 24 pre-movement delay 
time. A downside of Pathfinder is the “Requires Assistance” option only has inputs for a hospital 
bed or a wheelchair. There is no option for “Assisted Walk” in the event that an occupant simply 
needs to be lead on a travel path by another occupant. Figures 13-16 are showing the time 
intervals of the toddlers and teachers during the egress time steps. Figure 16 shows the final 
egress time output for the model run, 77.4 seconds. 
 

 
Figure 12: Pathfinder Egress Time 

 

 
Figure 13: Pathfinder Egress @ t = 32.8 seconds 
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Figure 14: Pathfinder Egress @ t = 40.6 seconds 

 
 
 

 
Figure 15: Pathfinder Egress @ t = 62.4 seconds 
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Figure 16: Pathfinder Egress @ t = 77.5 seconds 

 
 

The calculated egress time for the occupants to exit the building is 75.8 seconds (~76 
seconds), whereas Pathfinder determined the egress time to be 77.5 seconds. The reason for a 
longer Pathfinder time is due to the occupants moving in a weaving travel path at certain points. 
The occupants following a weaving path is due to two occupants trying to occupy an exact point 
along the common travel path at the same time. The obstructions each occupant inflicts on each 
other causes a slower movement speed for fractions of a second periodically throughout the 
simulation.  
 
Egress Summary 
 

In conclusion, the egress analysis confirmed that the current building conditions are in 
compliance with the Life Safety Code 2012. During any given egress simulation, Available Safe 
Egress Time (ASET) should always be greater than Required Safe Egress Time (RSET). This 
comparison of times helps determine if occupants of a building or affected area have the 
necessary time to evacuate a hazard zone before conditions become inhabitable. In order to better 
assist the occupants with a safe egress, water-based fire suppression systems, structural fire 
protection, and fire alarm and detection systems are incorporated into the construction of the 
building and will be discussed within the next parts of this report.  
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Water-Based Fire Suppression System 
 

The Child Development Center is a facility which teaches, monitors, and supervises 
young children between the ages of 18 months old to 5 years old. According to the International 
Building Code (IBC) and NFPA 13, an Automatic Sprinkler System shall be installed for Group 
E Occupancies where the fire area exceeds 12,000 ft2 and can be classified as “Light Hazard.” 
The Sprinkler System is a Wet-Pipe system throughout the building. The system is designed for a 
Gross Area Coverage of 12,727 ft2 and has a Fire Flow Demand of 4,000 GPM per section IFC 
Table B105.1. The required fire flow demand for this building is set with a 50% reduction, 
yielding 2,000 GPM. The design area for the sprinkler coverage is 923 ft2 in each classroom and 
kitchen. There is also another form of Fire Suppression located in the kitchen. This suppression 
system is a Ansul R-102 3 Gallon system over the stove and oven. 
 
 
Water Supplies 
 

The Automatic Fire Sprinkler System is connected to an 8-inch PVC water main pipe 
directly fed from the city street water supply. This pipe system includes Thrust Blocks at each 
elbow leading to the Riser, conforming to NFPA 24. The point of connection from the main 
water supply to the Riser is 6-inches, the Riser itself is 3-inches in diameter (as seen in Figure 
17). The Static Pressure, Residual Pressure, and Flow Rates are stated below in Table 6: 
 
 
 
 

Table 6: Hydraulics 

Hydraulic-System 
Location CDC 
Static Pressure 85 psi 
Residual Pressure at Point of Connection 65.6 psi 
Flow 1022 gpm 
Flow @ 20 psi 1963 gpm 
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Figure 17: Riser 

 
According to NFPA 101 Life Safety Code, Educational buildings fall under Group-E 

Occupancy which includes “part-day pre-schools, Kindergardens, and other schools whose 
purpose is primarily educational, even though the children who attend such schools are of 
preschool age” (NFPA 101 2012 Edition Section 14.1.2.2). Inside the building located in the 
storage room (Figure 18), Class I & II Commodities can be found. There are materials such as 
Toilet Tissue and Cartoned Wax Coated Paper Cups. The Sprinkler system design for this room 
is one sprinkler. The system area for the Kitchen as a whole is 923 ft2 for 12 sprinklers. Each 
sprinkler has an area design coverage of 77 ft2. The storage room has an area of 76.66 ft2, 
deeming one sprinkler in this room as sufficient.  
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Figure 18: Kitchen Storage Room 

 
Location/Sizes of Riser, Cross-Mains, Branch Lines, and Sprinklers 
 

The location of the Riser is the Southwest corner of the building (see Figure 22). The 
Riser is fed by an 8-inch PVC city water supply pipe where it meets a 6-inch connector pipe just 
before the Riser. The Riser itself is a 3-inch pipe that connects to the 3-inch Feed Main line. 
Figure 19 (below) shows the Feed Main connecting to the 3-inch Cross Main leading to the 
Branch Lines servicing each sprinkler. Each branch line can be seen in Figure 22 on the 
following page. 
 

 
Figure 19: Side View Branch Line 
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 The sprinkler heads (as seen in Figure 21) are 1/2 –
inch thread with a K-factor of 5.6. There are 117 
sprinklers total, having a temperature rating of 135 oF for 
the Sprinkler heads located in the classrooms, break room, 
offices, and the hallway. The sprinklers located in the 
kitchen, laundry room, and electrical rooms are rated at 
155 oF. 12 sprinklers have been installed in the kitchen 
and 8 in each classroom. Each branch line is 1-inch at the 
very ends and increases to 1.5-inches before connecting to 
the Cross Main. The manufacturer of the building’s 
sprinklers is Viking. 
 
 
 
 
 
 

 

 
Hydraulic Calculations 
 

When looking at the CDC, it is apparent that the most remote area to perform hydraulic 
calculations is located in the kitchen. Figure 22 (below) has two enclosed areas, one showing a 
classroom and the other showing the kitchen. For this report, calculations were performed on the 
kitchen. The calculations used a 1,200 ft2 room with a nominal 100 ft2 coverage per sprinkler. 
With these parameters I calculated out a value of 12 sprinklers.  
 
 
 
 
To determine the number of sprinklers per branch line I used the equation:  
 

𝑁𝑢𝑚𝑏𝑒𝑟	𝑜𝑓	𝑆𝑝𝑟𝑖𝑛𝑘𝑙𝑒𝑟	𝐻𝑒𝑎𝑑𝑠 = 1.2 ∗
𝐴𝑟𝑒𝑎\/^

8  
 

𝑁𝑢𝑚𝑏𝑒𝑟	𝑜𝑓	𝑆𝑝𝑟𝑖𝑛𝑘𝑙𝑒𝑟	𝐻𝑒𝑎𝑑𝑠 = 1.2 ∗ 	
1200\/^

8  
 
This yields a value of 5.19 which rounds up to 6 sprinklers per branch line.  
 
 
 

Figure 20: Sprinkler Head Figure 21: Sprinkler Head 
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Figure 22: Most Remote Area 

 
 

Figure 23 shows a water flow demand of 257 gpm at a pressure of 75.4 psi for the most 
remote area of the building. Completing the building hydraulic calculations back to the base of 
the riser, a flow demand of 568 gpm at a pressure of 104 psi was determined. A completed 
hydraulic calculation for the project building can be seen on the next page in Figure 23. 
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Figure 23: Hydraulic Calculation 
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Water Supply vs. Demand 
 
Figure 24 below shows the on-site water supply from the city as well as the system 

demand. A performed flow test resulted in the recordings of a Static Pressure of 85 psi and a 
Residual Pressure of 65.5 psi with 1022 gpm flow rate. The city water supply also showed a flow 
rate of 1963 gpm at a pressure of 20 psi. With the determined values for the water demand, the 
city water supply is inadequate to meet the demand of the system. The CDC is planning on 
expanding the square-footage of the building in years to come. At that time, a fire pump would 
need to be installed in order to meet system demands. At this time, unknown as to why a fire 
pump has not been installed in the building. At full buildout, designs call for a fire flow rate of 
4,000 gpm per IFC Table B105.1. For the fire flow demand with the fire sprinkler system, the 
flow rate is 2,000 gpm due to having a 50% reduction in the system. With these numbers, the 
flow test performed still did not meet the required 2,000 gpm that was attempted to be achieved 
even at a low city pressure of 20 psi. 

 

  
Figure 24: Water Demand vs. Supply 

	
Inspection, Testing, and Maintenance of Building 
 

This project building is equipped with a wet-pipe automatic sprinkler system. Inspection 
of the sprinkler system in order to determine if the piping system can still perform under required 
situations is vital. NFPA 25 directly relates to the Inspection, Testing, and Maintenance 
standards. The inspection of each hose connection must be done annually. The hangers, braces, 
and supports for the piping system must also be inspected annually along with the pipes and 
fittings. The entire sprinkler piping system for this building shall be visually inspected annually.  
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Valve supervisory signal devices and Waterflow alarms must be inspected quarterly. The 

pressure gages for the sprinkler system must be inspected and recorded annually. Each recorded 
pressure must me kept at the riser for at least one year until a new inspection is performed and 
recorded. According to NFPA 25 Table 5.1.1.2, the sprinklers in the building shall be tested at 50 
years and then every ten years thereafter. All maintenance to keep the suppression system 
functioning properly must be performed annually. Control valves for this system must be 
inspected annually. A flow test of the system must be performed every 5 years and documented. 
For the Fire Hydrants servicing the building, visual inspections must be done annually and 
hydrant flow tests must also be performed annually as well as after each operation.  

 
Throughout the building there are 3 heat detectors and 37 smoke detectors. Per NFPA 25, 

each of these detectors shall be visually inspected and tested monthly in order to determine 
proper functionality. A monthly inspection is required due to the possibility of debris build-up in 
each detector, causing possible malfunctions in case of a fire. The Ansul R-102 suppression 
system in the commercial kitchen must meet inspections requirements set in place by NFPA 25 
as well. According to section 5.4.1.7, automatic spray nozzles that are being used to protect 
commercial-type cooking equipment and/or ventilation systems must be replaced annually. If a 
commercial kitchen is upgraded and a new stove system is being used, then a suppression system 
needs to be retrofitted/installed that meets the new requirements for the commercial use.  
 
 
Water-Based Fire Suppression Summary 
 
 In conclusion, the building’s water supply does not meet the system demand. With a 
building water supply lower tower than the demand, it is crucial to maintain the other aspects of 
the fire detection and notification system. If other parts of the fire detection and notification 
system are not maintained, serious injury and even death can occur from hazardous conditions. 
Inspection, testing, and maintenance is an important role in ensuring the system functions 
properly. The next topic to be covered in this report relates to the structural fire protection the 
building is equipped with. 
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Structural Fire Protection Requirements  
 

Structural Fire Protection is a crucial role in any building construction. For the 
construction of the CDC, the International Building Code (IBC) was used. When referring to 
Section 508 of the IBC, each portion of a building must be individually classified according to 
Section 302.1 and comply with such provisions found in Sections 508.2, 508.3, and 508.4. 
Section 508.2 can be implemented for the kitchen and laundry room in this CDC building 
because both of these rooms are classified as accessory occupancies. Section 508.2 states that no 
separation is required between accessory occupancies.  

The kitchen is a F-1 occupancy (commercial kitchen) and the laundry room is a “B” 
occupancy. Both the kitchen and the laundry room are accessory occupancies for this building. In 
section 509, it states that if a laundry room is found to be over 100 square-feet, then a one-hour 
fire separation or automatic fire sprinkler system is needed. The laundry room in this building is 
measured to be 167 square-feet. The door to the kitchen is a self-closing, 1-hour fire rated 
magnetized door. If a fire is detected, the door will automatically close in attempt to seal the fire 
off.  

When referring to section 508.3 (Non-Separated Occupancies), the portions of the 
building should be individually classified with stated requirements. The IBC can be interpreted 
that the separation between both kitchens and laundry rooms with surrounding occupancies 
involving educational rooms, hallways, offices, ect… must be protected by a 1-hour fire rated 
wall or automatic suppression systems. For this building, both the kitchen and laundry room 
consist of a 1-hour fire rated wall surrounding them as well as an automatic fire suppression 
system. 

 

Construction Type  
 

In order to determine the required construction type of the building, Table 503 must be 
referred to. Table 503 defines this building as being able to fall under a V-B due to certain 
parameters: total area of building, height, and material that load- bearing beams are allowed to 
consist of. Section 506.3 allows increase in building area for approved automatic sprinkler 
systems that are being installed throughout the building. For a single story such as this building, 
the allowable increase is calculated out to be 300% of the original design area. Table 7 shows the 
allowable building area for the Child Development Center. 
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Table 7: Area of Allowable CDC Expansion 

 

 

Due to the surrounding distances to adjacent structures (>30 feet), no fire hour rating is 
required for the exterior walls. The outer construction walls are allowed to have many openings 
according to Table 705.8. Since this building is also an E occupancy, the corridors are equipped 
with full sprinklers so that the fire rating of the walls being one-hour is not required, but a 5/8’ 
Gypsum wallboard is still utilized. The corridors were found to be 6’ 6” wide. Due to this 
building having more than 100 occupants, then a redundancy of not requiring fire rated walls is 
met. If the walls were less than 5 feet wide, then 1-hour fire rated walls would be required.  

Building Structure Details  
 

The architects, engineers, and fire protection engineers determined that the CDC could be 
built under the Type V-B requirements. A reason as to why a Type V-B classification could be 
because of financial reasons. It is more expensive to have to build a structure with steel beams 
and apply a fire proofing material like SFRM. This building still contains a full sprinkler system 
though due to it having other classifications inside the building.  

The foundation of the building consists of graded soil with a 4” slab pour consisting of 
reinforced concrete. The reinforced concrete consists of rebar with a 1” cover pour on top to 
conceal the rebar. The floors of the hallways and rooms are made up of a cove base with an 
epoxy smooth finish and vinyl bumpers along the edges of each wall.  

The outside structure of the building consists of dual glazed window systems, steel 
tracks, and 5/8” Gypsum wallboard on the inside walls. The outside of the building consists of 
non-load bearing walls and has Sure board wall sheathing with a coat cement plaster finish for 
protection. The outside walls required 6” nominal steel studs spaced apart at 16” on center. The 
exterior doors and walls are not fire rated.  

The outside roof is made from factory finished aluminum zinc alloy coated steel 24 
Galvanized. The next layers of the roof are: ice and water shield membrane, metal decking, and 
6” rigid insulation board. The trusses of the building are pre manufactured steel roof trusses. In 
some areas of the building, a drop down ceiling made from 1-hour fire rated Gypsum board is 
required. The inside walls consist of wood frames with 5/8” Gypsum wallboard on each side. 
One of the classrooms’ walls is shared with the laundry room wall and has a 1-hour fire rating 
for that wall.  
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Code Compliance  
 

After careful review of the elements and products that have gone into making the Child 
Daycare Center, both the structural and non-structural aspects have fallen into compliance with 
the IBC requirements for this type of building. The Gypsum wallboards, fire insulations, and 
sprinklers throughout the building provide for a safe environment for a daycare and school 
center. The building dealt with multiple types of code compliances and not only fell under Type 
V-B construction, but also consisted of occupancy E & I-4, making certain areas of the building 
interesting to think about if the fire ratings were adequate. All sprinklers (117 total) were found 
to be within code and there was proper distance and coverage among all. 

Structural Summary  
 

For this building, the construction cost objective was to be kept at a minimum. Even 
though cost played a crucial factor in the design, construction, and completion of this building, 
the lives of the children and employees were a higher priority. Due to this reason and others, 
only the suitable materials and applications were used to provide the highest level of safety. This 
document will now discuss the Fire Alarm Detection and Notification System used in the 
building. The next part of this report will cover a performance-based design, analyzing the 
components of the building and how the building performs in the event of a fire. 

 

Fire Alarm Detection and Notification System 
 

The Child Development Center (CDC) is a newly constructed building that conforms 
with the NFPA 101 Life Safety Code (2012 Edition) as well as NFPA 72 (2010 Edition). The 
Fire Alarm Control Panel (FACP) is linked to an on-base dispatch center, which dispatches 
necessary emergency services depending on the transmitted signal. The requirement of a remote-
monitored dispatch center is a specification that can be found in NFPA 72 section 3.3.285.1, 
Central Station Service. This section states: 
 

The use of a system or a group of systems including the protected premises fire alarm 
system(s) in which the operations of circuits and de- vices are signaled to, recorded in, 
and supervised from a listed central station that has competent and experienced operators 
who, upon receipt of a signal, take such action as required by this Code. (NFPA 72-31 
2013 Edition) 

  



	 39	

Types of Signals 
 

The FACP installed in this building is the EST3X and provides the dispatch center 3 
different types of signals which are alarm, supervisory, and trouble signals. The alarm signal 
transmits a warning of fire danger that require immediate action. Supervisory signal is related to 
an action that needs to be performed in connection with the operation of other fire protection 
systems that are being monitored by the fire alarm system. Trouble signals are a fault in a 
monitored circuit/component of the fire alarm system or an interference of the primary/secondary 
power supply. The operational matrix below (Figure 25) shows events that can occur and the 
outputs the FACP undergoes. 
 

 
Figure 25: Operational Matrix 
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Alarm Signaling and Notification Devices 
 

There are various alarm signaling/notification devices located throughout the building. The 
devices installed in the building are listed below and can be found on the following pages 
including the location of the FACP (Figures 27 & 28). The devices are color coded on the 
drawings as follows: 
 

• Red:   Manual Pull Stations 
• Pink:  In-Ceiling Speakers 
• Purple: Horns & Strobes 
• Yellow: Emergency Light 
• Blue:  Photoelectric Smoke Detectors 
• Orange: Heat Detector 
• Green:  Scrolling Text Bars 

 
The EST3X FACP (Figure 26) has various programmable operating characteristics. The 

FACP can be programmed to hold up to 2 minutes of prerecorded messages. These messages can 
advise the building occupants of various dangers and help spread appropriate actions more 
efficiently. 
 

 
Figure 26: FACP 
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Figure 27: Location of Devices 
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Figure 28: FACP 
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Mass Notification System 
 

The building complies with NFPA 72 section 24.4.3.1.2, which discusses the 
requirements of a Mass Notification System. According to this section, an in-building mass 
notification system shall include one or more of the following components: 
 

1.) Autonomous control unit (ACU) 
2.) Local operating console (LOC) 
3.) Fire alarm control interface 
4.) Notification appliance network 
5.) Initiating devices 
6.) *Interface to other systems and alerting sources 

 
Manual Pull Stations 
 

The CDC contains 11 manual pull stations dispersed around the building next to exit 
doors. These pull stations are Edwards Signaling Double-Action fire alarm stations. According to 
NFPA 72 section 17.14.5, the manual pull stations shall not be less than 42 inches (1.07 meters) 
and not more than 48 inches (1.22 meters) from the finished floor. The manual pull stations 
(Figure 29) must also comply with NFPA 72 section 17.14.8.4 stating the the distance between 
an egress exit and a manual pull station must not exceed 5 feet (1.5 meters). The 11 manual pull 
stations in this building fall within NFPA 72 section 17.14.8.5 requirements stating manual fire 
alarm boxes shall be provided so that the travel distance to the nearest manual fire alarm box will 
not exceed 200 feet. 

 
Figure 29: Manual Pull Station 
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Smoke Control 
 

NFPA 101 section 9.3.4 addresses smoke control system operations. This section of the 
Life Safety Code discusses how floor dependent smoke control systems shall be automatically 
activated by sprinkler waterflow or smoke detection systems such as Photoelectric and Duct 
detectors both discussed more in detail next. 
 
Photoelectric Smoke Detectors 
 

NFPA 72 section 17.7.3.2.1 addresses the requirements for Photoelectric smoke detectors 
placed in buildings. This section states the smoke detectors shall be located on the ceiling or, if 
on a sidewall, between the ceiling and 12 inches down from the ceiling to the top of the detector. 
A total of 38 photoelectric smoke detectors are installed in the CDC, 3 in each classroom. 
Edwards Signaling SC30U series smoke detectors (Figure 30) are used in this building and are 
compliant with the EST3X FACP system. 
 
 

 
Figure 30: Photoelectric Smoke Detector 

 
 
Duct Detectors 
 
Duct detectors (Figure 31) are installed in the Child Development Center. Per NFPA 72: 
  

17.7.5.3.1 To prevent the recirculation of dangerous quantities of smoke, a detector 
approved for air duct use shall be installed on the supply side of air-handling systems as 
required by NFPA 90A, Standard for the Installation of Air-Conditioning and Ventilating 
Systems, and 17.7.5.4.2.1 
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These detectors are meant to monitor the air passing through the heating, ventilation, and 
air-conditioning (HVAC) systems in buildings and send signals to the FACP in the event of a 
possible hazard. A function of a duct detector is, once activated, a signal is sent to the FACP 
where the panel can determine the type of signal being transmitted. For smoke control, the 
HVAC system would be shut off to prevent smoke from being transported to unaffected areas of 
the building and subjecting occupants in remote areas to hazardous conditions. 
 
 
 

 
Figure 31: Standard Duct Detector 

 
 
Ceiling/Wall Horns and Strobes 
 

GE Genesis ceiling/wall horn and strobe devices (Figure 32) were used in the CDC, 
having a horn output volume of 99 dB peak. The pattern for the horn follows NFPA 72 and can 
be seen in Figure 18.4.2.1 below. The placement of these devices is one in each classroom and 3 
along the hallway corridor spaced evenly apart and comply with the NFPA 72 section 18.4.8.1. 
This section states that the mounted devices shall have their tops above the finished floors at 
heights of not less than 90 inches, if height permits. The Horn and Strobe devices are installed 
within 15 feet from the end of the hallway and are spaced at a distanced less than 100 feet apart, 
therefore adhering to NFPA 72 requirements on visible notification appliances spacing. 
 

The horn aspect of the GE Genesis device meets NFPA 72 requirements for sound levels. 
Hearing loss with occupants can occur at levels of 110 dB, the horn reaches a peak output of 110 
dB. NFPA 72 lists the ambient sound level of an educational building at 45 dB (Table 8). With 
the horn notification system reaching sounds significantly higher than the ambient sound, the 
occupants should be able to successfully hear the alarms. 
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Table 8: NFPA 72  A.18.4.3 Average Ambient Sound Levels 

 
 
The visual strobe candela rating for the notification devices in each room contain 95-177 candela 
output. Table 9 below shows the requirements for visible light output for room sizes according to 
NFPA 72. For the two different classroom sizes, room dimensions of 40 feet x 40 feet and 50 x 
50 feet were used. Since the candela rating of the installed strobes is 95-177 candela output, then 
the visual devices meet NFPA requirements. 
 
 

Table 9: Room Spacing for Ceiling-Mounted Visible Appliances 
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Figure 32: Horn and Strobe 
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Backup Power Supply 
 
In the event of a power failure, the FACP must have a secondary form of power. NFPA 72 
section 105.6.3.1 addresses the requirement as follows: 
 

The secondary power supply shall have sufficient capacity to operate the system under 
quiescent load (system operating in a nonalarm condition) for a minimum of 24 hours 
and, at the end of that period, shall be capable of operating all alarm notification 
appliances used for evacuation or to direct aid to the location of an emergency for 5 
minutes. 

Figure 33 on the following page shows the battery calculation performed on the CDC. 
The calculations incorporate the 24 hour stand-by time along with the alarm system operating for 
5 minutes in active mode. A safety factor of 20% is included in the backup battery supply per 
NFPA section 10.5.6.3.1 (1). The FACP has a secondary power supply of 55 Amp-Hours. After 
performing all calculations, roughly 38 spare Amp-Hours are available. According to NFPA 72 
section 10.14.1:  

Equipment shall be designed so that it is capable of performing its intended functions 
under the following conditions: 

• At 85 percent and at 110 percent of the nameplate primary (main) and secondary 
input voltage(s).	

NFPA 72 section 10.14.1 means that the installed FACP and detection system should not exceed 
a manufactures maximum voltage drop in order to keep the system fully operational. Due to the 
inability to gain access to the type of AWG size used in the CDC and the total length of the wires 
used, voltage drop calculations were unable to be performed.  
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Figure 33: Battery Calculations 
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Inspection, Testing, and Maintenance 

 
Throughout the building there are 3 heat detectors and 38 smoke detectors. Inspection, 

testing, and maintenance (ITM) of fire alarm systems and their devices are an important role in 
ensuring proper functionality of the alarm system year-round. Visual inspections of fire alarm 
notification and detection systems shall be performed in accordance with NFPA 72 Table 14.3.1. 
Waterflow Supervisory signal devices require a visual inspection most frequently; every 3 
months. Smoke, Heat, Duct, and Manual Pull Stations shall be inspected every 6 months. These 
inspections are critical to ensure properly functioning devices in the event of a fire. A 
summarized list for ITM requirements of a Fire Detection and Notification system can found on 
Table 10 on the following page. 
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Table 10: ITM of Fire Alarm System 

 

 

Fire Alarm Detection and Notification Summary 
 
 The FACP and detection devices located in the CDC comply with NFPA 72. The battery 
calculations were performed with a 20% safety margin to account for the secondary power 
supply losing charge over a period of time. Table 10 reiterates the importance of the ITM for this 
building to ensure adequate operational function. Overall, there is sufficient coverage (i.e. sound 
candela light, ect…) of the alarm notification and devices. The next part of this report will 
address a performance-based design scenario regarding a fire outbreak. 
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Performance-Based Analysis 
 

The performance-based analysis for this report consists of determining if the fire 
protection systems would perform in a successful manner in the event of fire. The installed 
detection, notification, and suppression systems must operate properly to ensure adequate 
protection for life safety, as well as minimize damages caused by fires to the building. For this 
scenario, the Life Safety Code design fire scenario 3 will be used. This scenario can be found in 
LSC 2012 Edition Section 5.5.3.3 and states: “It is a fire that starts in a normally unoccupied 
room, potentially endangering a large number of occupants in a large room or other area” (101-
42). This scenario is chosen due to the design fire propagating in the staff break room. At the 
time of ignition and the fire growing in size, it is assumed that there are no occupants present in 
the room. The absences of staff in the break room will allow for the fire detection and alarm 
system located in the break room to be the first level of response for notifying the occupants of 
danger. The desired end result of the simulation is to allow for safe egress of all building 
occupants before non-tenable conditions arise and inhibit the occupants from safe egress. 
Another design fire scenario that was considered but not implemented in this report was a fire 
outbreak in the kitchen. The kitchen walls are 1-hour fire rated barriers between the adjacent 
rooms. The reason for this scenario to not be incorporated is because the kitchen doors are 
required to be closed at all times due to the nature of the kitchen and keeping non-faculty 
occupants out of a more hazardous space in terms of slippery doors, hot grease, and sharp 
objects. 

 
Tenability 
 

Specified criteria is established to ensure safe egress of occupants in the event of a fire. 
These limits are set in order to minimize the exposure of heat and toxic gases to any occupant 
who is not directly impacted by the immediate hazardous environment. For this report, all 
tenability criteria (Table 11) must pass and untenable conditions must not descend to lower than 
a height of 6 feet above ground level. 
 
Heat Exposure 
 

Exposure to heat can be fatal. Referencing Table 2-6.20 of the SFPE Handbook, the 
tolerance time for the average person subjected to a heat of 100 degrees C is roughly 12 minutes. 
After this threshold, the person’s body can lose all function. Radiation from fire can cause all 
stages of degree burns depending on the intensity the person is subjected to. For a fire less than 
2.5 kW/m2, the person can experience first degree burns and have a tolerance time of over 5 
minutes. When the fire is 2.5 kW/ m2, the tolerance time is 30 seconds. For a 10 kW/ m2 
intensity, the person has about a 4 second tolerance time and experiences severe incapacitation 
along with 2nd degree burns. Fatal exposure and 3rd degree burns start at 16.7 kW/ m2 fires.  
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Visibility 
 

Smoke control is of high concern trying to maintain tenable conditions. In the event of a 
fire, the Fire Alarm system would take over and shut down the HVAC system to prevent the 
smoke from being transferred to non-affected rooms. This helps keep the visibility level in the 
surrounding building from being impaired. Looking at Table 2-6.11 in the SFPE Handbook, 
behavior of people in smoke filled environments can be seen. In an unaffected visibility route, 
the average walking speed is 1.2 m/s whereas a reduced visibility (~2-3 meters) has a walking 
speed of 0.3 m/s. If a hallway/room that people attempt to escape through has a high smoke 
density, 30% of people turn back to where they came from rather than enter said area.  
According to the SFPE Handbook, people who are unfamiliar with the building layout and 
evacuation routes need a visibility of about 10-13 meters in order to properly evacuate the 
building. For the people who are familiar with the layout, they only need a visibility level of 
between 3-5 meters. 
 
Toxic Gases 
 

Exposure to toxic gases is of high concern when looking into building requirements. 
Carbon Monoxide is a dangerous, odorless chemical that attaches to the hemoglobin of the 
blood, preventing oxygen from being transported throughout the body. In the CDC, Carbon 
Monoxide is a dangerous chemical to have children exposed to. Early detection of CO before the 
symptoms of dizziness, nausea, vomiting is vital in allowing the children to be safely escorted 
out by the responsible teachers/adults. According to Carbon Monoxide Toxicity by Penney, the 
resting parts per million of CO in the bloodstream for adults is 2.6. Once levels start increasing 
about this number, adults will start to experience the effects of CO poisoning. Table 12 shows 
the tenability limits this report uses. 
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Table 11: SFPE Toxicity Limits 

 
 

The tenability limits found in Table 12 were chosen based on values found in the SFPE 
5th Edition Handbook. A temperature of 80 oC was used because of two different pieces of data 
found in the SFPE Handbook. First, Dr. Purser stated that if a temperature rises above 120 oC, 
then 1st and 2nd degree burns are imminent. Secondly, C.J. Wieczork and N.A. Dembsey 
discovered that skin subjected to a heat of 74 oC can lose sensation and develop 2nd degree burns 
in a matter of seconds. Taking both pieces of data into consideration, a value of 80 oC was 
implemented into the performance-based design. For the visibility criteria, the visibility criteria 
for a person who is unfamiliar with a building is approximately 10 meters. The visibility criteria 
for people familiar with the building is between 3-5 meters. For this project, the worst case 
scenario is addressed and uses the criteria of 10-meter visibility for an unfamiliar person needing 
to have a safe egress time. A CO value of 1,500 ppm was used because of Table 10 above. A 
toxic hazard of CO ranges between 0-1,500 ppm for a smoldering fire with a victim being remote 
to the source. For the purpose of this design fire, the doors positioned on each side of the hallway 
to all classrooms are assumed to be closed. Another assumption is no staff members are present 
in the break room or the immediate surrounding area outside the break room.  
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Table 12: Tenability Limits 

CDC Tenability Limits 
Temperature 80 oC 

Visibility 10 m 
Carbon Monoxide 1,500 ppm 

 
Design	Fire	
 

The design fire for this report will assume worst case scenario. This means the heat 
detector located inside the break room fails, causing a delay in the detection system. All other 
notification and suppression systems will be assumed to function properly. The fire scenario 
involves a closed and unoccupied room and assumes worst case scenario. All heat and toxic 
gases are assumed to spread down the main hallway towards the classrooms. 
 
Room Components & Characteristics 
 

The staff break room (as seen in Figure 36) contains a polyurethane couch, several chairs, 
two wood tables, and one plastic table. The Heat Release Rate used in this scenario is 3000 kW 
and grows as an ultra-fast t2 fire. Figures 34 & 35 are HRR for a Coffee Pot and Upholstered 
furniture (respectively). A Carbon Monoxide yield was found in the SFPE Handbook 5th edition 
Table A.40 as 0.04 g/g and a soot yield for polyurethane was found in Table A.39 in the SFPE 
Handbook giving a value of 0.01 g/g. The characteristics of the inputs will be discussed next in 
the Fire Dynamics Simulation Model. 
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Figure 34: HRR of Coffee Pots 

 
 

 
Figure 35: HRR of Furniture 
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Figure 36: Staff Break Room 
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Fire	Dynamics	Simulator	(FDS)	
 
 

 
Figure 37: Layout of Fire Model 

 
 

The FDS model of the staff break room (area with red square located inside) and the main 
hallway (long narrow stretch on the right side) can be seen in Figure 37. Each of the walls were 
specified as Marinite Wall Board with a thickness of 0.025 meters. In order to visualize when the 
fire detection system and notification system activates, sprinklers were placed throughout the 
model. The activation temperature of the sprinklers in the model was set to 57 oC and consisted 
of an RTI of 40 (m-s)1/2 for Quick-Response. There are 5 of these sprinklers total and they are 
placed as follows: 1 in the center ceiling of the break room and 4 spaced at a distance of 3.64 
meters (12 feet) apart from each other. The sprinkler in the staff break room activates at a time of 
t ≈ 139 seconds.  
 
Tenability 
 

The temperature and CO levels passed but the smoke layer descended to a height lower 
than 1.2 meters (6 feet) at 177 seconds. The upper gas layer did not reach the critical value of 80 
oC at a height less that 6 feet from the ground level throughout the hallway of the CDC. Figure 
39 shows final upper layer gas temperature after egress time has passed. Figure 40 shows the 
visibility violation for the hallway and Figure 41 shows that CO toxicity levels throughout the 
hallway remain less than 1,500 ppm. 
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Figure 38: Initial Alarm Activation & Temperature of Upper Gas Layer 
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Figure 39: Temperature of Upper Gas Layer After Elapsed Egress Time 
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Figure 40: Visibility Violation at 177 seconds 
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Figure 41: CO Toxicity Levels 

 
 
 
 
 
 
 
 
 
 
 
  



	 63	

RSET & ASET Comparison 
 
 

 
Figure 42: SFPE 5th Edition RSET Table 

 
ASET must be greater than RSET in order to ensure safe egress time for building 

occupants. Assuming initial detection of the fire is by the fire detection system and not a staff 
member, the time to detection is 139 seconds. There is a 10 second warning time to allow for the 
fire detection and notification system to relay the message to the occupants and then for the 
occupants to interpret the broadcasted signal. The pre-movement time is 14 seconds (“head 
count”) and movement time is about 78 seconds. The summation of these values yields an RSET 
of 241 seconds. 
 

RSET = tdetection + twarning + tpremovement + tevacuation 
 

RSET = 139 seconds + 10 seconds + 14 seconds + 78 seconds 
 

RSET ≈ 241 seconds 
 

The RSET value was calculated to be: 241 seconds. The first tenability criteria failed 
directly outside the staff break room door at 177 seconds when the smoke layer in the hallway 
dropped below 1.2 meters (6 feet). This means RSET > ASET, meaning the scenario fails. 
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When comparing results to the last two documented CDC egress times for April and 
March, the time from alarm notification to time of safe egress completion was documented at 60 
seconds. This means as soon as the fire alarm was put into active mode, the occupants 
immediately started the safe egress process. Using the CDC documented egress time of 60 
seconds, the RSET is calculated as follows: 
 

RSET = tdetection + twarning + tpremovement + tevacuation 
 

RSET = 139 seconds + 0 seconds + 0 seconds + 60 seconds 
 

RSET ≈ 200 seconds 
 
When comparing this reported RSET time to the ASET time of 177 seconds, the result is: 
 

RSET > ASET ; fails 
 
DETACT  
 
 DETACT is used as another form of modeling in order to determine detector activation in 
a fire scenario. The software uses Alpert’s equations on the flow of the ceiling jet. By using 
Alpert’s equations and a fire growth rate specified by the user, the activation time of a fixed 
temperature heat detector can be determined. Table 13 on the following page shows the inputs 
incorporated into the DETACT excel spreadsheet. Utilizing DETACT software for the design 
fire discussed in this performance-based scenario, the time of heat detector activation was 
determined. When referencing Table 13 on the next page, using a heat detector RTI of 5 (m-s)1/2 
and an actuation temperature of 41.1 oC, the detection time for the heat detector was improved to 
63 seconds. The inputs in Table 13 are to determine the room height, detector distance from fire, 
and fire characteristics pertaining to the design fire. The heat detector is modeled at activating 
when reaching a specified temperature of 41.1 oC. The new computed time until detection yields 
an RSET value as follows: 
 

 RSET = tdetection + twarning + tpremovement + tevacuation 
 

RSET = 63 seconds + 10 seconds + 14 seconds + 78 seconds 
 

RSET ≈ 165 seconds 
 

Safety Factor: 1.5 x RSET 
 

RSET = (165 seconds) x 1.5 
 

RSET = 247 seconds 
 
When comparing this RSET value to ASET time of 177 seconds, the result is: 
 

RSET > ASET ; fails 
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DETACT Summary 
 
 According to DETACT calculations, the fire detection, notification, and suppression 
system will still not allow for ASET > RSET when incorporating a safety factor. If the reliability 
of the heat detectors degrades, then tenability could be compromised even more. The graph in 
Figure 43 shows the gas temperature in green and the heat detector temperature in red.  
The red and green line graphs in Figure 43 stay close to one other because the change in detector 
temperature remains close to the change in gas layer temperature, meaning the closer the lines 
are together, the more responsive the detector is. A small gap value between the gas temperature 
and heat detector is because the RTI value of the heat detector is set a value close to zero. Table 
13 shows at time step 63 seconds, the HRR of the fire is 186 kW with a gas layer temperature of 
roughly 45.4 oC. 
 
 
 

Table 13: DETACT 
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Figure 43: DETACT Graph 
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Conclusion 
 
 The contents of this report discuss the Life Safety features and fire protection design of 
the Child Development Center. The topics covered are water-based suppression, fire detection 
and alarm, egress characteristics, and structural fire protection. The water-based suppression 
system meets the requirements for the most remote area calculations but the overall flow rate for 
the water suppression system is below the desired 2,000 gpm. To correct this issue, a fire pump 
should be considered when the building undergoes a multiple classroom expansion phase (which 
is desired in the future). The egress system of the building meets code requirements with regards 
to common path of travel distances, number of exits, exit door widths, and illuminated exit signs. 
This building is a construction Type VB with an overall Occupancy Type E and is compliant 
with the IBC 2012 edition for structural fire protection requirements. A performance-based 
analysis was conducted in order to determine the functionality of the fire protection systems 
installed within the building as well as addressing key Life Safety Code requirements. The 
performance-based scenario was a polyurethane fire outbreak in the staff break room. A model 
of this fire was constructed in FDS and the egress time for the occupants was modeled in 
Pathfinder. The required safe egress time (RSET) was determined to be 241 seconds. The 
tenability criteria of the smoke layer to remain 6 feet above the ground level was violated outside 
the break room door (surrounding hallway) at 177 seconds. The other tenability requirements 
involving temperature and CO levels passed. The door to the staff break room is designed to be 
self closing. In the event the door is fixed in the open position, smoke containment in the break 
room isn’t feasible and will spread to adjacent building areas. Considering the teachers do not fix 
the classroom doors in the open position, there is sufficient safe egress time for the classrooms. If 
there are students and/or teachers in the hallway during a fire outbreak in the break room, then 
RSET > ASET. Using documented data from the CDC on the most recent fire drill egress time, 
the RSET value is 200 seconds, which is greater than the ASET time of 177 seconds. Again, the 
performance-based design in FDS was based on a worst-case scenario and assumes failure of the 
heat detector located in the break room. If the heat detector functions properly in the event of the 
fire modeled in this report, the RSET time will yield a value of 247 seconds (including a 1.5x 
safety factor). Incorporating times determined in Pathfinder and DETACT, the values calculated 
still show RSET (247 seconds) > ASET (177 seconds). 
 
  



	 68	

Recommendation  
 

In order to help ensure safe egress from the building in case of a fire, a recommendation 
would be to require teachers to not allow door stops that keep the classroom doors open to the 
hallway, or require the staff break room door to not be left in the open position. Incorporating the 
policy of not allowing doors to be fixed in the “open” position would help decrease the smoke 
and heat being transferred throughout the main hallways and towards the classrooms. Another 
recommendation would be to install a fire pump during the building expansion phase that is 
desired in the future to ensure the fire suppression water flow demand is met. 
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Appendix 
 
Occupancy Layout 
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Overall Floor Plan 
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Fire Alarm Control Panel (FACP) 

 

Page 1 of 10  D A T A  S H E E T  85005-0133
 Not to be used for installation purposes.  Issue 3.1  

EST Catalog u Mid-Sized Systems

03-11-12

EST3X Life 
Safety Control 
System

Description
EST3X represents the latest generation of life safety control panels 
for mid to large sized applications. With large multi-message dis-
plays and innovative controls, intuitive interfaces, and bold colored 
cabinets — these systems capture the imagination, and catch the 
eye. But behind the LCD display is where they really shine.

New microprocessors and chipsets take full advantage of the lat-
est advances in computing technology, leading to smarter, faster, 
higher-capacity processing and more efficient designs. EST3X’s 
patented Voltage Boost™ technology, for example, delivers consis-
tent voltage – even at low battery power – resulting in lighter cable 
requirements and/or longer runs. That saves time and money.

High performance processing also leads to powerful networking 
features and versatile digital audio functionality. The wide range of 
EST3X configurations include standalone operation, networking 
with up to 64 nodes, or integration with an EST3 network com-
prising as many as 64 nodes — complete with EST3-Sixty mass 
notification capabilities and display of security events.

EST3X sets a new standard in front-panel life safety control inter-
faces. Its exclusive SpeedTouch™ rotary control offers nimble for-
ward and back scrolling through events and options, while a mere 
tap of the control selects items with an unprecedented fluidity of 
motion. Its extra-large  backlit display reveals up to eight concur-
rent messages, and switch/LED strips provide ample space for 
meaningful custom labels. And for end users, large tactile control 
buttons instill confidence and promote quick response when time 
is of the essence.

Standard Features
• Up to six intelligent analog loops hosting as many as 1,500 

Signature Series devices per panel

• Optional integrated eight-channel digital audio

• 10 amp power supply with universal 94 to 264 Vac  
input voltage

• Patented Voltage Boost™ technology delivers consistent volt-
age — even at low battery power

• Four built-in 3-amp notification/auxiliary circuits

• Large 24-line by 40-character backlit LCD

• Simplified operation with the SpeedTouch™ rotary control

• 65 amp hour battery charger

• 64-node network nodes using copper and/or fiber

• Supports up to 30 R-Series remote annunciators

• Removable terminals on all low voltage wiring

• Space for up to three additional option cards such as extra 
SLC loops, amplifiers, or dialer/modem

• Optional Ethernet interface

• 1,100 event history log

FDNY
APPROVAL  
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Fire Notification Horn and Strobe Device 
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