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Statement of Disclaimer 
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catastrophic failure of the device or infringement of patent or copyright laws. California 
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Executive Summary 

 

This report covers the fire protection features of the Warren J. Baker Center for Science and 

Mathematics located on Cal Poly Campus San Luis Obispo California. The prescriptive analysis 

of the building will focus on the structural fire protection, egress, fire suppression, fire alarm and 

detection systems to determine if the meet current codes and standards. The performance based 

analysis will discuss certain methods and design fire scenarios that can be present within the 

building and the buildings ability to protect occupants until they can exit safely.  

 

The purpose of this report is to determine if the selected building is compliant with current and 

up to date codes and standards by analyzing the fire protection systems used. The fire protection 

systems analyzed for this report are the structural fire protection, egress, fire suppression, fire 

alarm and detection systems. Each system was analyzed using the applicable codes below. 

 

 International Building Code (IBC) 2015 

 NFPA 101 Life Safety Code (LSC) 2015 

 NFPA 13 Standard for Installation of Sprinkler Systems 2013 

 NFPA 72 National Fire Alarm and Signaling Code 2013 

 NFPA 25 Standard for the Inspection, Testing, and Maintenance of Water based Fire 

Protection Systems 

 SFPE Handbook of Fire Protection Engineering 4
th

& 5
th

 Edition 

 

It was determine that Warren J Baker Center for Science and Mathematics structural fire 

protection, egress, fire suppression system, and fire alarm and detection systems complied with 

all applicable codes and standards. 

 

The performance based analysis. This analysis covers typical fire scenarios present in this 

building and analysis of the atrium. Each section is a summary of the results and assumptions 

used to evaluate the building. This includes the recommendations and conclusions determined by 

this analysis. The performance based sections are listed below. 

•  Fire Scenario Selections in Atrium  

- The primary objective is to meet specific tenability criteria to limit exposures to 

occupants. (NFPA 101 LSC 2015 Chapter 5) There are methods used to evaluate and 

limit untenable conditions that occupants may be exposed too. The method used to 

evaluate was method 1 where the design team can set detailed performance criteria to 

ensure that occupants are not incapacitated by fire effects. 

- This design fire 1 is based on scenario 6 from the LSC 2015. The fire is located on the 

second floor in a seating area within the atrium. The area is fully sprinkled and is the 

largest fuel area that would affect the most floors if there was a fire. The fire will become 

sprinkler controlled at some point during the fire and there will be activation of the 

smoke management system. 

- This design fire is based on scenario 8 from the LSC 2015. The fire is located on the 

second floor in the atrium opening. This fire will not be sprinkler controlled but 
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activation of the smoke management system will occur. The fire detection system will 

activate but there will be no suppression of the fire.  
 

The results from both scenarios indicated that all tenable conditions were maintain for the time 

limit of 600 seconds except for visibility. The visibility requirement of 10 meters was lost about 

170 seconds within both fire scenarios and were well below the RSET value discussed later in 

this report. A recommendation was made to replace the passive naturally ventilated smoke 

management system with a mechanical smoke management system to help with exhausting 

smoke within the atrium and maintaining the visibility for a longer period. The other 

recommendation was to implement a phased evacuation plan for the building. The phased 

evacuation would use the horizontal exits within the building to compartmentalize the wings and 

atrium from one another. Then using the voice communication system in the building to 

coordinate and direct occupants on whether they should stay in place and who should evacuate. 

 

These performance based sections using current codes and standards listed below. 

 

• International Building Code (IBC) 2015 

• NFPA 101 Life Safety Code Handbook (LSC) 2015 

• NFPA 72 National Fire Alarm and Signaling Code 2013 

• SFPE Handbook of Fire Protection Engineering, 5th edition 

 

Introduction  
 

This report analyzes the Warren J. Baker Center for Science in fire protection, including both a 

prescriptive analysis and a performance based analysis. The prescriptive analysis includes the 

analysis of the building’s egress, structural fire protection, the fire suppression system, and the 

fire alarm system. This analysis was conducted using the International Building Code and 

applicable NFPA codes to determine if the current systems and construction within the building 

meet the requirements of these codes. If any issues are found in the requirements of the codes, 

recommendations will be made. 

 

In addition, a performance based analysis was done on the natural ventilation smoke control 

system within the atrium of the building. The purpose of this analysis was to determine if the 

smoke control system was adequate to maintain tenable conditions within the atrium. The tenable 

conditions were measured using Fire Dynamics Simulator (FDS) to see how long these tenable 

conditions could be maintained. Through the performance based analysis as well as the 

prescriptive requirements, it can be determined if the building meets all requirements to keep 

occupants safe. 

 

The Warren J. Baker Center for Science and Mathematics completed construction in 2013. The 

building is 6 stories and 108 feet in height, non-high-rise, and has a total area of 188,372 square 

feet. The building is constructed as a Type 1B construction. The building is fully sprinklered and 

contains a fire pump and standpipe system. The building contains a fire alarm system that 

includes an emergency voice alarm communication system (EVACS). There is a five-story 

atrium that connects floors 2 through 6 that separates the east and west wings of the building and 
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is protected with a natural ventilation smoke control system. The building is primarily a Group B 

occupancy consisting of mainly offices, classrooms and labs, but it also contains large lecture 

halls, storage spaces, and hazardous storage areas. Figure 1 below gives a general outline of the 

building APPENDIX B has construction drawings that can give more information on uses and 

areas within the building.  

 

 
Figure 1 Warren J Bakers Center for Science and Mathematics  

 

Prescriptive Analysis  
 

The following section of this report will cover the codes requirements for this building. This 

section covers the requirements for the structural fire protection, egress, fire suppression, fire 

alarm and detection systems. Each section summarizes the results of the prescriptive analysis of 

the system in question. The prescriptive sections are. 

 

 Structural Fire Protection 

 Egress Analysis  

 Fire Suppression System 

 Fire Alarm and Detection System.  

 

The prescriptive section use these applicable codes and are referenced throughout the report. 

 

 International Building Code (IBC) 2015 

 NFPA 101 Life Safety Code (LSC) 2015 

 NFPA 13 Standard for Installation of Sprinkler Systems 2013 

 NFPA 72 National Fire Alarm and Signaling Code 2013 

 NFPA 25 Standard for the Inspection, Testing, and Maintenance of Water based Fire 

Protection Systems 

 SFPE Handbook of Fire Protection Engineering 4
th

& 5
th

 Edition 
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Structural Fire Protection 
 

This section covers the requirements for structural fire protection for the Warren J. Baker Center 

for Science and Mathematics. The section will cover occupancy and construction type for the 

building as well as fire protection requirements for all structural elements present in this 

building. 

Applicable Codes 

International Building Code 2015 Edition 

UL listings for spray fire resistant materials: 

- Tube columns ULx771 

- Steel column ULx772 

- Beams UL Design No. 97 

 

Occupancy & Construction Type 
 

Warren J. Baker Center for Science and Mathematics is a 6-story structure with a primary 

masonry exterior, concrete slab on grade foundation, and a steel primary structure. The primary 

use for this structure is education and office space with some storage areas and is classified as 

primarily a Group-B occupancy with a fully automatic sprinkler system under section 304.1 of 

the IBC. The structure is a 108 foot non-high-rise building with a 5-story atrium. The reason the 

building is non-high-rise is because the 1
st
 and 2

nd
 floors both exit to a public access way and 

from the second floor to the highest occupied floor is only 64ft. This is less than the 75ft. 

requirement defined in the IBC Chapter 2 for high rise building. Figure 2 below shows the actual 

versus the define building height. 

 

 

Figure 2 Actual Height of Building vs. Defined 

 

The required construction type per Section 504.3 and 504.4 of the IBC for a 108 foot, 6-story 

Group B occupancy is either Type 1A or Type 1B construction. A summary of the requirements 

from the IBC are given in Table 1 below.  The primary reason the other types of construction 

were ruled out is due to the height of the building and number of stories. Warren J. Baker Center 
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for Science and Mathematics was built as Type 1-B which meets the allowed construction type 

under the IBC.  

Table 1 

 

 

Fire Protection Requirements  
 

The required fire protection ratings for the building structural elements are found inSection601 

of the IBC. The required fire protection ratings for Type 1-B construction primary structural 

elements for exterior and interior bearing walls, floor assemblies and associated secondary 

members require a fire rating of 2 hours. Interior and exterior non-bearing walls and partitions 

require no fire rating. The fire resistance for non-loading bearing exterior walls is based on the 

separation distances of Section 602 of the IBC. The separations on all sides of the building is 

greater than 30 feet so the required fire rating is 0 hours. Table 2 below summarizes the 

requirements for fire protection from the IBC. 

Table 2 
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Foundation 
 

The structure was built on a reinforced concrete foundation below grade. The foundation also 

acts as retaining walls on the first and second floors of the structure. The concrete is 16 inches 

thick with reinforcement. 

Primary Structure 
 

The primary structure consists of wide flange steel columns, girders, beams, and joists. The 

structure also consists of a moment frame rectilinear assemblages of beams and columns, with 

the beams rigidly connected to the columns. Resistance to lateral forces is provided primarily by 

rigid frame action-that is, by the development of bending moment and shear force in the frame 

members and joints. The rigid beam-column connections, a moment frame cannot displace 

laterally without bending the beams or columns depending on the geometry of the connection. 

The bending rigidity and strength of the frame members is therefore the primary source of lateral 

stiffness and strength for the entire frame. The primary structure is protected by spray applied 

fire resistive material (SFRM) and others are a combination of SFRM and gypsum wall board.  

There is also hollow structural steel used in vertical shafts. These materials require a fire 

resistance of 2-hours under IBC and the thickness to meet that required fire rating is given in the 

UL listings for spray fire resistive material. 

Floor and Roof Assemblies 
 

The floor and roof assemblies are constructed of 20-gauge metal decking with 4 inches of 

lightweight concrete topping. The deck is supported by wide flange steel girders and joists. The 

floor is of composite construction, meaning the structural member composed of two or more 

dissimilar materials joined together to act as a unit in which the resulting system is stronger than 

the sum of its parts. An example is the steel-concrete composite beam, in which a steel wide-

flange shape is attached to a concrete floor slab. The floors and roofs are constructed with a 2-

hour fire rating and the ceilings are constructed of 1-hour fire resistance rating. The suspended 

ceilings are constructed with gypsum wall board and sound proofing materials that are rated for 

1-hour.  

Exterior Walls  
 

The exterior walls are non-load bearing and are constructed of 6x16-inch steel studs spaced on 

16-inch centers with insulation, and 5/8-inch gypsum for the interior face and a brick veneer on 

the exterior face. All exterior walls are not required to be rated because the fire separation 

distance is greater than 30 feet, exterior doors and windows are not required to be fire rated as 

well. 

Interior Walls and Partitions 
 

The non-load bearing walls and partitions are constructed of 2x4 inch steel studs on 16-inch 

centers with 5/8-inch gypsum wall board on both sides. Partitions containing steel beams are 

covered with gypsum wall board and steel beams are still covered in spray fire resistant material. 
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Penetrations through fire rated walls or partitions are required to be the same fire rating as what 

is being penetrated.  

Doors 
 

This building contains horizontal exits and these doors are required to have a fire resistance 

rating at the same level as the building being penetrated. These horizontal exits have a 2-hour 

fire rating so the doors are required to have a rating of 2-hours. These doors are tested under 

NFPA 288. The corridors within the building are 1-hour fire rated, so all other doors are required 

to be at least 1-hour rated.   

Summary 
 

In studying both the structural and non-structural elements of this building they comply with the 

requirements of a Type I-B construction under the IBC. The spray fire protection material for 

steel structures under the UL x772&x771 for columns and UL Design NO.917 for steel beams 

are adequate for the required fire resistance rating required in the IBC. 

Egress Analysis 
 

This section covers the requirements of Egress using the Life Safety Code (LSC) 2015.The LSC 

gives requirements based on occupancy classifications, exit locations, fire protection labeling, 

and travel distance. These requirements are discussed below. 

Occupancy Classifications 
 

Warren J. Baker Center for Science and Mathematics is a multi-occupancy building based on the 

LSC 6.1.14.2.1. The occupancies all share common paths of travel so the building is classified as 

a mixed occupancy defined in the LSC 6.1.14.2.2 and shall comply with the most restrictive 

requirements based on occupancy type LSC 6.1.14.3. 

The primary use of this building is Group B occupancies. The Group B occupancies take up most 

of floors 2 through 6 in the form of lecture rooms, labs, and office spaces. These types of 

occupancies are discussed in the IBC Section 304.  

The first floor of this building consists of Group A-3 occupancies in the form of seminar rooms. 

There are terrace areas on floors 4 through 6 that also fall under this classification. The IBC 

Section 303 discusses Group A type occupancies and other occupancies that may fall under this 

classification.  

Lastly there are Group S occupancies that consist of storage areas (S), mechanical (S-1) and 

electrical rooms (S-2). The S-1 and S-2 make up a small portion of the building and are spread 

out throughout the building. There is one hazardous materials room located on the second floor 

or a Group H-3 occupancy which is discussed under IBC Section 415 for the requirements on 

storage of materials and flammability requirements.  
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Occupant Load 
 

The occupant load is based on each space net area divided by the occupant load factor given in 

the LSC Table 7.3.1.2. which are given below (   /person): 

Lecture  20  

Lab         50 

Office    100 

Conference  15 

Storage N/A 

Mechanical N/A 

Assembly 15 

 

Floor 1- Total occupants 451 

 

Space Type Total Square Feet Total # of people 

Assembly  6506 434 

Office 1111 11 

Conference  568 6 

 

Floor 2- Total occupants 693 

 

Space Type Total Square Feet Total #of people 

Lecture 6823 341 

Lab 14942 298 

Office 3290 33 

Conference Room 315 21 

 

Floor 3- Total occupants 623 

 

Space Type Total Square Feet Total # of people 

Lecture 3830 191 

Lab 20289 405 

Office 2717 27 

 

Floor 4- Total occupants 476 

 

Space Type Total Square Feet Total # of people 

Lecture 3594 180 

Lab 12598 252 

Office 2414 24 

Lounge  296 20 
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Floor 5- Total occupants 352 

 

Space Type Total Square Feet Total # of people 

Lecture 5813 290 

Office 2395 24 

Conference Room 574 38 

 

Floor 6- Total occupant load 249 

 

Space Type Total Square Feet Total # of people 

Lecture 2767 138 

Lab 4382 88 

Office 2262 23 

 

Floor 7- Mechanical Room not expecting anyone to be on the 7
th

 floor unless maintenance 

is required. 

 

Level Number of Occupants 

Floor 1 451 

Floor 2  693 

Floor 3  623 

Floor 4 476 

Floor 5 352 

Floor 6 249 

Total Occupants  2844 

 

The total occupant load for the building is about 2800 people but the building will most likely 

not be fully occupied to its full capacity at any one time. 

Means of Egress  
Exit Capacity 
 

The egress capacity is based on the stairway and door way capacities that are calculated using the 

capacity factors in Table 7.3.3.1 of the LSC. This building was originally evaluated with the 

CBC which gives values of 0.3 inches per person for stairways and 0.2 inches per person for 

doorways which match the values given in the LSC. For fire escape stairs, an exit capacity value 

of 0.5 inches per person shall be used based on Table 7.2.8.4a of the LSC. The calculated values 

for each floor are below in Table 3. Tables 4 below shows the capacity for each exit component 

and Table 5 summarizes the total exit capacity per floor. 
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Table 3 Exit Capacity Factors  

 

Table 4. Exit Capacity per Component 

Component Size (Inches) LSC Factor Total Exit Capacity 

People 

Door 34 0.2 170 

Stairway 42 0.3 140 

Fire Escape 47 0.5 94 

Horizontal Exit 96 0.2 480 

 

Table 5. Total Exit Capacity per Floor 

Level Number and Type 

of Exit 

# of people from 

Table 1 

Total Exit Capacity 

of Floor 

Floor 1 10 Doors  170 1700 

    

Floor 2 10 Doors  170 1700 

 2 Stairway 140 280 

 1 Fire Escape  94 94 

 2 Horizontal Exits  480 960 

   3034 

    

Floor 3  2 Stairways  140 280 

 2 Fire Escapes  94 188 

 2 Horizontal Exits  480 960 

   1428 

    

Floor 4 2 Stairways 140 280 

 2 Horizontal Exits  480 960 
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 1 Fire Escape  94 94 

   1334 

    

Floor 5  1 Stairway  140 140 

 1 Fire Escape  94 94 

 1 Horizontal Exit  480 480 

   714 

    

Floor 6  1 Stairway 140 140 

 1 Fire Escape  94 94 

 1 Horizontal Exit 480 480 

   714 

 

Number of Exits  
 

The number of exits required for any floor is given in the LSC section 7.4.1.2 where an occupant 

load of 0-499 requires 2 exits, 500-999 requires 3 exits, and 1000 and above requires 4 exits. The 

required number of exits for Floors 1, 4, 5, and 6 are required to have 2 exits because the 

occupant loads are less than 500. The number of exits for floors 2 and 3 that are required are 3 

exits because the occupant load is greater than 500 but less than 1000.  The required and 

provided number of exits per floor are summarized in Table 6 below. 

 

Table 6 Number of Exits  

Level Required 

Number of 

Exits 

Provided 

Number of 

Exits 

1 2 3 

2 3 9 

3 3 6 

4 2 5 

5 2 3 

6 2 3 

 

Exit Arrangements 
 

The exits in this building a reasonably remote based on LSC 7.5.1.3.1. Since the building is 

protected by an automatic sprinkler system, the minimum separation distance between exits shall 

be no less than 1/3 the length of the overall diagonal dimension of the building or area served 

based on LSC Section 7.5.1.3.3. The common paths of travel and dead end distances are not 

exceeded on any floors within the building using the LSC Section 38.2.5.3.1 and 38.2.5.2.  
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Travel Distance  
 

The travel distance to exits shall not exceed 300 ft. when the building is protected throughout 

with an approved automatic sprinkler system from LSC section 38.2.6.3. The travel distances on 

each floor do not exceed the 300ft. which meet the requirements under the LSC. The travel 

distances for each floor can be seen in the floor diagram section on pages 24 through 31 in 

Figures 4 through 17. 

 

Estimating Total Evacuation Time 
 

The SFPE Handbook 4
th

 Edition gives two methods to determine egress time to evacuate a 

building. Evacuating the entire building is determined by the most limiting egress component 

with the lowest flow of occupants. The first calculation (Method 1) which is the most simplified 

method determined that total evacuation of the building would take 19 minutes. The second 

calculation (Method 2) which takes queuing into account, determine the evacuation time to be 18 

minutes. After the hand calculations were completed, Pathfinder was used to determine the 

evacuation time for the entire building and the total evacuation time for the building was 18 

minutes. The occupants in the pathfinder model were based on the default settings given within 

the program. The default settings that were used in my model was each occupant traveled at 

3.9ft/s which is based on the travel based on stair rise and run, goes to any exit or closest exit, 

and occupants are allowed to que within the simulation in stairways and at doors.  

 

There are many significant assumptions made for my analysis in the hand calculations. One is 

that there were only three stairways available when some floors have more than three exits. I 

assume that everyone in my building is awake, alert, and oriented. I used the more restrictive 

densities and flows thru stairways and each floor has a different density. These methods of 

calculations are also assuming that everyone is moving at the same speed and that they are all 

equally mobile. When in reality there could be occupants that are in wheel chairs, use crutches, 

or other mobile devices where they cannot move as quickly as others and may require help to 

exit the building which could make for a slower evacuation time. Limitations to this method is 

everything is exact when people will move differently than one another (slow or fast), densities 

on floors will be different, number of exits, familiarity of the building, and so on. None of these 

factors are considered when calculating the total egress time. 

 

Hand Calculations  

 

Since floors 1 and 2 evacuate to public access way I will evaluate the total egress time from 

floors 3 thru 6. Also, floor 7 is only accessible to maintenance staff therefore, I will assume there 

are not occupants on this floor.   
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Method 1 

 

The effective width in stairways is shown below. 

 

42 in-12 = 30in (2.5ft) 

47in- 12= 35 in (2.92ft) 

 

The tread of stairs is 7” by 11” so a value of 18.5 people/ min/ ft. will be used. 

 

18.5* 2.5 = 46 people/ min 

18.5* 2.92= 54 people/ min 

 

The effective width of doors is shown below. 

 

34in-12 = 22 in  

 

22*2 = 44 people/min 

 

The door width is the most restrictive so a value of 44 people/min will be used. 

 

The flow down stairways is based on Table 3-13.2 and 0.175 is used because it’s the most 

restrictive density. This flow is show below. 

 

212-(2.86*212*0.175) = 105ft/min 

 

The stairway landings are 4’ by 10’ with a 10’ landing and Table 3-13.3 for the 7”by 11” tread 

on the stairways.  

 

1.85*10ft = 18.5ft 

18.5 + (2*10) = 38.2ft 

 

38.2ft/105ft=0.367min (22sec) 

 

Total Occupancy 2470 

 

2470people /44 people/min = 56min 

 

56min/3 exits= 18.7 min 

 

19 min. for total evacuation time 
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Method 2 

 

The total square footage per floor is indicated below. 

  

Floor 3  total square feet 8353  

Floor 4  total square feet 6563 

Floor 5  total square feet 4232 

Floor 6  total square feet 2519 

 

The density per floor is determined by the occupant load divided by the total square footage of 

the floor. 

 

Floor 3  623/8353= 0.075 

Floor 4  476/6563= 0.073 

Floor 5  352/4232= 0.083 

Floor 6  259/2519= 0.103 

 

The highest density is 0.103 which is used on all floors because is the most restrictive. 

 

Using 0.103 for density because most restrictive   

 

Equation 5  S=k-k*a*D 

Table 3-13.2,  k=275 

 

Corridor 

 

S= 275-(275*2.86*0.103) = 194ft/min 

 

Equation 7   = (1-a*D) *k*D 

 

  = [1-(2.86*0.103)] *275*0.103 = 20 people/min/ft. 

 

From Table 3-13.5    less than the specific flow     so    will be used  

 

The width of my corridors is 8.5ft clear width  

 

Effective width corridor = 8.5- (2*0.5) = 7.5ft effective 

 

Equation 9,    = (1- a*D) k*D*   
 

   = [1-(2.86*0.103)] *275*0.103*7.5 = 150 people/min 
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Impact of stairway doors 

 

34in doors clear width 

 

34-12 = 22in (1.83ft) effective width (  ) 
 

Equation 12,     = (   *   )/    ) 

 

    = (20*7.5)/1.83 = 82 people/min/ft. 

 

Since     is less than calculated      22 people/min/ft. 

 

Equation 8,     =   *   
 

    = 22*2 = 44 people/min 

 

    of door = 44 people/min 

    of corridor= 150 people/min 

 

150-44 = 106 people/min 

 

Impact of stairway 

 

47in stairway 

42in stairway 

 

Effective width of stairway 

 

47-12 = 35in (2.92ft) 

42-12 = 30in (2.5ft) 

 

Use the 30in stair for calculations most restrictive  

 

Equation 12      = (22*2)/2.5 = 17.6 people/min/ft. 

 

Using table 3-13.8 the stairway density is about 0.12 

 

Equation 5 speed of movement 7 in. by 11in. tread k =212 

 

212-(2.86*212*0.12) = 139ft/min 

 

Floor to floor distance from first order is 38.5ft 

 

38.5/139 = 0.277min (17sec) 
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17.6*2.5 = 44 people/ min 

 

44*0.277= 12 people in each stairway if floors 3 to 6 all exit at the same time 

 

Assuming there are only three stairways because of floors 5 & 6  

 

12*3= 36 people in the stairway 

 

If all occupants start evacuating at the same time (0) the initial flow rate is 194ft/min. Assume 

that the congested flow will reach the stairways in 30 seconds. This assumption is based on the 

distance occupants must travel 100ft to 150ft to an exit traveling at 194ft/min. At 30 seconds’ 

occupants begin moving into the stairways at 44 people/min for the next 17 seconds. At 47 

seconds 36 occupants are in each stairway and 112 queue at stairway entrances.  

 

Queue at stair entrance   112 occupants 

Door rate of      44 people/min 

Stairway rate of     44 people/ min 

Descent rate of     17 sec 

 

Equations 8, 10, and 11 

 

(112/44) *60 + 47 = 200 seconds  (all occupants have evacuated 6
th

 floor) 

 

200 + 17 = 217 seconds    (end of flow reaches 5
th

 floor) 

 

217 + [(112/44) *60] = 370 seconds  (all occupants have evacuated 5
th

 floor) 

 

370 +17 = 387 seconds    (end of flow reaches 4
th

 floor) 

 

387 + [(112/44) *60] = 540 seconds  (all occupants have evacuated 4ht floor) 

 

540 + 17 = 557 seconds    (end of flow reaches 3
rd

 floor) 

 

557 + [(112/44) *60] = 710 seconds (all occupants have evacuated) 

 

710 + 17 = 717 seconds   (all occupants have evacuated the building) 

 

717/60 = 12 minutes 

 

Safety Factor 1.5* 12 =   18 minutes for total evacuation time 
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Pathfinder  

 

The Pathfinder model did not use the horizontal exits within the building. The occupants only 

used the stairways, fire escapes, and exit doors ways for exiting the building. Pathfinder was 

used to determine the evacuation time for the entire building and the total evacuation time for the 

building was 18 minutes. The occupants in the pathfinder model were based on the default 

settings given within the program. The default settings that were used in my model was each 

occupant traveled at 3.9ft/s, goes to any exit or closest exit, and occupants can que within the 

simulation in stairways and at doors. The time for total evacuation of the building was 

determined to be about 18 minutes. Figure 3 below is a screen shot of my simulation for total 

evacuation of the building. 

 

 
 

Figure 3 Total Evacuation Simulation 

 

Fire Rating Requirements  
 

Horizontal exits are located on floors 2 thru 6. Since floor 2 is at ground level it falls under 

7.2.4.3.1 of the LSC where the horizontal exit shall provide a barrier to ground level. The 

horizontal exits have a 2-hour fire rating under 7.2.4.3.1 as well. The fire resistance rating for 

stairways is 2-hour fire rated under 8.6.5 of the LSC because the stairway is connecting 4 floors. 

Exits other than main exits shall be marked by an approved sign that is readily visible from any 

direction of exit access under 7.10.1.2.1 under the LSC. Under A.7.10.1.5.2 the signs should be 

located no more than 100ft apart due to viewing distance. This code also must be in accordance 

with 7.10.6 stating that the exit signage is clearly legible at 100ft.  
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Interior Finishes  
 

The interior finish requirements for the building are in Table 7. The requirements for a Business 

Occupancy is exits and exit access corridors can have Class A or B wall and ceiling finishes. The 

other spaces within the building can have Class A, B, or C interior wall and ceiling finishes.  

 

Table 7 Interior Finish Requirements  

 
Continues 
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Floor Diagrams  

 

The floor diagrams below Figures 4 through 17 summarize everything that was discussed above. 

The first figure for each floor shows the occupancy type, room use, and exit locations. The 

second figure for each floor indicates the fire requirements for the corridors and separations 

within the building like horizontal exits. This figure also indicates that longest travel distance 

found on each floor complying with the longest travel distance being less than 300 ft.  

 

Summary 
 

In preforming the egress analysis on the Warren J. Baker Center for Science and Mathematics all 

requirements are met. The occupancy classifications, exit locations, travel distances, exit 

capacities, number of exits, fire ratings and interior finish all comply with the NFPA 101 Life 

Safety Code 2015. Next is the analysis for the fire suppression system used in Warren J. Baker 

Center for Science and Mathematics. Below are the floor diagrams for the entire building 

summing up the exit locations, occupancy type, travel distances, and rating requirements.  
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Floor Diagrams 
Floor 1 

 

 

Figure 4 Occupancy Type and Exit Locations Floor 1 
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Figure 5 Fire Separation and Travel Distances  
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Floor 2  

 

Figure 6 Occupancy Type and Exit Locations Floor 2 

 

 

 

Figure 7 Fire Separation and Travel Distances  
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Floor 3 

 

Figure 8 Occupancy Type and Exit Locations Floor 3 

 

 

Figure 9 Fire Separation and Travel Distances  
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Floor 4 

 

Figure 10 Occupancy Type and Exit Locations Floor 4 

 

 

Figure 11 Fire Separation and Travel Distances  
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Floor 5 

 

Figure 12 Occupancy Type and Exit Locations Floor 5 

 

 

Figure 13 Fire Separation and Travel Distances  
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Floor 6 

 

 

 

Figure 14 Occupancy Type and Exit Locations Floor 6 

 

 

Figure 15 Fire Separation and Travel Distances  
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Floor 7 

 

 

 

 

Figure 16 Occupancy Type and Exit Locations Floor 7 

 

 

Figure 17 Fire Separation and Travel Distances  
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Fire Suppression System Analysis  
 

This section covers an analysis of the fire suppression system requirements using NFPA 13 

Standard for the Installation of Sprinkler Systems 2013. This analysis will cover design criteria, 

water supplies, occupancy classifications, system components, hydraulic calculations, and 

inspection, testing, and maintenance requirements.  

Building Detail  
 

This building provides a complete wet pipe fire sprinkler system for a six-story classroom and 

laboratory building with a fire pump and a class 1 standpipe system. This building is Type 1 fire 

resistive construction and a Group B occupancy (Business).  This report is intended to help serve 

as a guide in design, installation, and maintenance of water based suppression systems. Some of 

the drawings in this report were obtained from the facilities office of Cal Poly.   

Design Criteria 
 

The design criteria that must be met are water supply and demand for system, spacing of 

sprinklers, and bracing of the system. The water supply must be adequate to supply the sprinkler 

system in the most remote area of the building. The flowrate and pressure of the water supply 

must meet or exceed the required demand of the system. If the water supply does not meet the 

systems required flow and pressure a fire pump can be put in place to increase the flow and 

pressure. The water supply requirements can be found in Chapter 23 of NFPA 13. The sprinkler 

spacing is based on a maximum protection area and is not allowed to exceed this design area. 

There is a summarization of the requirements for sprinklers installation in Chapter 8 of the 

NFPA 13. The sprinkler system is required to be restrained to prevent collapse of the system in 

the event of building movement i.e. an earthquake. The requirements for bracing of sprinkler 

systems is given in Chapter 9 of NFPA 13. A routine inspection and test program is essential for 

any fire protection system to insure it is in proper operating condition. NFPA 25 standards for 

Inspection, Testing, and Maintenance of Water Based Fire Protection Systems should be used to 

determine the required frequency the system should be tested and should be used to determine 

the proper methods of inspection to use.  

 

Water Supply 
 

The city water main loops on the north, east, and west sides of this building which supplies two 

fire hydrants to the north of the building. The point of connection to the building is on the north 

side with an eight-inch line to the fire pump. From the fire pump the pipes supplying the water to 

the suppression system are six-inch pipes and at the west end of the building the piping reduces 

to four-inch pipes to supply one of the risers. All piping in the building is to be black steel pipe 

schedule 10 and 40. 

 

The fire pump is a vertical inline pump rated at 113psi at 750gpm with a 60-horsepower electric 

motor. There is also a jockey pump to keep the suppression system up to pressure so the fire 

pump does not activate unless a fire occurs. The jockey pump starts at 155psi and stops at 

165psi. The fire pump will activate at 150psi. 



33 
 

 

The fire department connection is located on the north side of the building with a four-way 

department connection. The piping from the connection is six-inch piping that tees to the system. 

Figure 18 indicates the fire hydrants where the flow test was taken, location of the fire pump 

room and fire department connection location, and the point of connection to the building and 

city water supply.  

 

 

 
 

Figure 18 Fire Hydrant, Fire Pump, FDC Locations  

City Supply    Fire Pump 

Static- 60 psi    Churn 125psi 

Residual- 55 psi   Design 113psi at 750gpm 

Flow- 914gpm    150% 86psi at 1125gpm 

     

10% Reduction 

Static- 54psi 

Residual- 49psi   

Flow- 914gpm 

 

Occupancy Classifications  
 

This building consists of light hazard occupancies which are the lecture halls, lobbies, office 

spaces, and conference rooms. This building also has some Ordinary Hazard 1 areas which 

consist of the laboratories, storage spaces, electrical rooms, and mechanical rooms. The storage 

areas in this building are not specified on what types of storage areas, but for this analysis, were 
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assumed to be miscellaneous storage areas which is discussed in Chapter 13 of NFPA 13 to meet 

the ordinary hazards. These classifications are discussed more in Chapter 5 of NFPA 13. 

The design criteria for light hazard classifications is required to have a density of 0.10gpm/   ,a 

max design area of 1500   , and a max coverage per sprinkler of 225   . The design criteria for 

ordinary hazard 1 classifications is required to have a density of 0.15gpm/   , a max design area 

of 1500   , and a max coverage per sprinkler of 130   . Table 8 below summarizes occupancy 

classifications and requirements. 

Table 8 Occupancy Classifications   

 

System Components 
 

Standpipes and Risers  
 

This building has five risers that supply the fire sprinkler system. Each riser supplies both light 

hazard and ordinary hazard occupancies. The risers are class 1 risers. There are also two of the 

standpipes/risers located at the fire escape stairs on the east and west sides of the building that 

have recessed fire hoses that can be used. There are also three stairways inside the building that 

contain the risers within the building. The piping for the risers are schedule 10 black steel piping. 

Figure 19 below indicates riser locations within the building. 

 

Standpipe Codes of NFPA 14 2013 Edition 

 

 Class 1 risers/standpipes shall be at least 4inches in size by 7.6.1  

 The minimum flow at the most remote standpipe is 500gpm by 7.10.1.1.1. 

 The minimum flow for all other standpipes shall be no less than 250gpm by 7.10.1.1.3 

 The max flow is 1000gpm for a standpipe by 7.10.1.1.5 

 7.2.3.2* Where the static pressure at a 2-1⁄2 in. (65 mm) hose connection exceeds 175 psi 

(12.1 bar), an approved pressure regulating device shall be provided to limit static and 

residual pressures at the outlet of the hose connection to 175 psi 
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Figure 19 Riser Locations   

 

Cross Mains and Branch lines 

  

The cross mains in the building run the length of the corridors within the building and the branch 

lines run from the cross main into the individual spaces. The cross mains and branch lines are 

recessed into the ceiling and are not visible. The cross mains are constructed of schedule 10 

piping at 2 ½ inches throughout the building. The branch lines throughout the building are also 

constructed of schedule 10 piping but range from sizes of 1 inch to 1 ¼ inch lines.  

Sprinklers 
 

The building is equipped throughout with quick response sprinklers that have a K-factor of 5.6. 

In areas with finished ceilings pendant sprinklers are used and upright sprinklers are used in lab 

and utility spaces. The majority of the sprinklers within the building have an activation 

temperature of 155 degrees Fahrenheit but in the mechanical and server spaces higher activation 

temperature sprinklers are used with an activation temperature of 200 degrees Fahrenheit.  
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Hydraulic Calculations 
 

The hydraulic calculations for this building were evaluated from the most remote area of the 

building to the base of the riser. The most remote area was determined to be room 638 which is a 

lab on the 6
th

 floor of the building. The room is classified as an Ordinary Hazard 1. If all 

sprinklers were to activate in the room, the demand was calculated to be 275gpm at 104psi. The 

water supply is adequate with the assistance of the fire pump. Table 9 below is the hand 

calculations I performed in the most remote room with highest demand which is shown in Figure 

20. Figure 21 is the supply and demand curve for the city water supply, fire pump, and most 

demanding room. 

Hand Calculations 
 

Most remote area is room 638 on the sixth floor of the building  

Occupancy Classification- Ordinary Hazard Group 1 (Laboratory) 

Density- 0.15gpm/    

Area of room- 898    

Minimum Design Area- 1500    

Reduction for QRS- (39.25% for 10.5ft. ceiling height for design area of 911   ) 

Max Coverage per sprinkler- 130     

Number of sprinklers Calculated- 7 

Number of sprinklers in room- 12 

Type of Sprinkler- Tyco; Mod. TY-FRB; 1/2"; 1/2”; K=5.6; 155 Deg. 

Hose Stream- 250gpm at 60minutes 

Type of system- Wet 

The demand at the base of the riser is 275gpm at 104psi 

 

Table 9 Hydraulic Hand Calculations 

 

 



37 
 

 

Figure 20 Most Remote Area  
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Figure 21 Hydraulic Graph  

 

Inspection, Testing and Maintenance 
 

A routine inspection and test program is essential for any fire protection system to insure it is in 

proper operating condition. NFPA 25 standards for Inspection, Testing, and Maintenance of 

Water Based Fire Protection Systems should be used to determine the required frequency the 

system should be tested and should be used to determine the proper methods of inspection to use.  

 

For inspection, testing, and maintenance of sprinkler systems, standpipes and hose streams, fire 

pumps, and valve components refer to tables below. For additional information reference NFPA 

25. Table 10 is the summary of inspection testing and maintenance requirements for sprinkler 

systems under NFPA 25 
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Table 10 Inspection, Testing, Maintenance Tables from NFPA 25 
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Summary 
 

After analysis of the fire suppression system used in Warren J. Baker Center for Science and 

Mathematics, the requirements of NFPA 13 2013 are met. The occupancy classifications, design 

areas, and water supply demand are all adequate. The fire pump may have been oversized for this 

application for this building but will be discussed more in the recommendation section of this 

report. Next the fire alarm and detection system design will be analyzed. 

 

Fire Alarm and Detection Analysis 
 

This section covers the analysis of the fire alarm and detection systems in Warren J. Baker 

Center for Science and Mathematics using the requirement specified in NFPA 72 2013 edition. 

The analysis covers the fire alarm system, fire detection system, and the required inspection, 

testing, and maintenance. 

 

This building provides a complete wet pipe fire sprinkler system for a six-story classroom and 

laboratory building with a fire pump and a class 1 standpipe system. This building is Type 1 fire 

resistive construction and a Group B occupancy (Business). The fire alarm system in the building 

is a fire emergency voice alarm communication system (EVACS). The system in the building is 

a mass notification/fire alarm combination system.  The location of the fire alarm control panel is 

one the first floor in the main electrical/ transformer room. The model is NFS2-640.  
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Fire Alarm Initiating Devices 
 

Sprinklers (primary detectors used in this building) 

Quick Response Tyco; Mod. TY-FRB ½”, ½” K=5.6; 155 degree 

Used in both Light/Ordinary Hazard 1 areas  

Max Design area 1500 sq. ft.  

Light Hazard max coverage 225 sq. ft. 

Ordinary Hazard 1 max coverage 130 sq. ft.  

 

Fire Alarm Control Panel 
 

The fire control panel in located in room 122 on the first floor in the fire pump room which is 

accessible from the fire department access areas. The FACP for this building is a Honeywell 

NOTIFIER Model NFS2-640 which is designed to minimize installation time, enable faster 

response times, and simplify usability and maintenance. This comes with a built in integrated 

Digital Voice Command System which is used in the application of this building.  

 

Water Flow Switch 
 

A water flow switch is the interface between the building's fire suppression system and the 

building's fire alarm system. It detects water flowing in the sprinkler system and initiates the fire 

alarm system to sound the evacuation. The water flow switch is located in the fire pump room 

which can only be accessed by authorized personnel.  

 

Smoke Detectors 
 

Type: FSP-851 INTELLIGENT PHOTOELECTRIC SMOKE DETECTOR 

 

The FSP-851 Intelligent Photoelectric Sensor’s unique optical sensing chamber is designed with 

superior signal to noise ratio. Flash Scan is a new communication protocol that greatly enhances 

the speed of communication between analog intelligent devices. Intelligent devices communicate 

in a grouped fashion. If one of the devices within the group has new information, the panel’s 

CPU stops the group poll and concentrates on single points. The net effect is response speed 

greater than five times that of earlier designs. 

 

Spot-type smoke detectors shall be located on the ceiling or, if on a sidewall, between the ceiling 

and 12 in. (300 mm) down from the ceiling to the top of the detector. (NFPA 72-2016 17.7.3.2) 

The smoke detector spacing for this project was based upon smooth ceilings protection for spot-

type smoke detectors in accordance with (NFPA 72 – 2016 17.7.3.2.3). In the absence of specific 

performance-based design criteria, the distance between smoke detectors shall not exceed a 

nominal spacing of 30 ft. (9.1 m) and there shall be detectors within one-half the nominal 

spacing, measured at right angles from all walls or partitions extending upward to within the top 

15 percent of the ceiling height. (NFPA 72- 2016 17.7.3.2.3.1) 

 

http://www.douglaskrantz.com/BlogFireAlarmSystem.html
http://www.douglaskrantz.com/BlogFireAlarmSystem.html
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Heat Detectors 
 

Type: Honeywell FST-851H Heat Detector 

FST-851 Series intelligent plug-in thermal detectors with integral communication has features 

that surpass conventional detectors. Point ID capability allows each detector’s address to be set 

with decade address switches, providing exact detector locations. FST-851 Series thermal 

detectors use an innovative thermistor sensing circuit to produce 135°F/57°C fixed-temperature 

(FST-851) and rate-of-rise thermal detection (FST-851R) in a low-profile package. FST-851H 

provides fixed high-temperature detection at 190°F/88°C. These thermal detectors provide 

effective, intelligent property protection in a variety of applications. This device also has the 

Flash Scan protocol mentioned previously.  

 

The smoke detector spacing for this building was based upon smooth ceilings protection for spot-

type smoke detectors in accordance with (NFPA 72 – 2016 17.7.3.2.3) The provisions of this 

section permit nominal 30 ft. smoke detector spacing where there is an absence of specific 

performance-based design criteria. 

 

Duct Detectors 
 

Type: Intelligent Non-Relay Photoelectric Duct Smoke Detector 

 

DNRW duct smoke detector, with its NEMA-4 rating, is listed as a watertight, UV resistant 

enclosure providing protection against falling dirt, rain, and windblown dust, splashing and hose 

directed water, allowing operators to use the detector in the most extreme environments. 

These units’ sense smoke in the most challenging conditions, operating in airflow speeds of 100 

to 4,000 feet per minute, temperatures of -4 degrees F to 158 degrees F, and a humidity range of 

0 to 95 percent (non-condensing.) 

 

Smoke detectors listed for use in air distribution systems shall be located as follows: 

(1) Downstream of the air filters and ahead of any branch connections in air supply systems 

having a capacity greater than 944 L/sec (2000 ft3/min). 

(2) At each story prior to the connection to a common return and prior to any recirculation or 

fresh air inlet connection in air return systems having a capacity greater than7080 L/sec (15,000 

ft3/min) and serving more than one story. 

(NFPA 90A-2015 6.4) other previsions under (NFPA 72-2016 17.7.5.5) 

 

Beam Detector 
 

Type: SRA-24 Reflective Beam Detector 

 

The Photoelectric reflective beam detector consists of the SRA-24 unit and a reflector, which 

face each other at a distance of between 25ft and 100ft. In the event of fire, the smoke generated 

will decrease the amount of near infrared light energy on the SRA-24, this decrease is 

electronically interpreted to identify the occurrence of fire. An important feature of the detector 

is that it monitors the protected space linearly. This enables the detector to identify a fire before 
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it spreads, even when the smoke is scattered over a large area. The fire detection sensitivity is 

factory set at 20% beam obscuration and it can be changed to 30% with a sensitivity switch. 

 

The beam smoke detector is often used in large open spaces with high ceilings where the use of 

spot-type detectors is impractical due to the problems of smoke stratification. The spacing for 

these devices are under the specification sheets given with the device. This device is used for the 

atrium in Baker Center for Science and Mathematics. (NFPA 72-2016 B 4.9)  

 

Manual Pull Station 
 

Pushing in, then pulling down on the handle causes it to latch in the down/activated position. 

Once latched, the word “ACTIVATED” (in bright yellow) appears at the top of the handle, 

while a portion of the handle protrudes from the bottom of the station. This device also has the 

Flash Scan protocol mentioned previously.  

 

Each manual fire alarm box (manual pull station) is required be securely mounted not less than 

42 inches, and not more than 48 inches above the finished floor. Manual pull stations are also 

required to be located within 5 ft. of the exit doorways opening at each exit on each floor. 

Additional pull stations are required to be provided so that the travel distance to the nearest pull 

station will not be in excess of 200 feet measured horizontally on the same floor. (NFPA 72 – 

2016 17.14) 

 

Fire Alarm Notification Devices 
 

Strobes/ Speakers and Strobe Speaker Combination 
 

Type: Indoor Selectable Output Speaker/Strobes 

The SpectrAlert Advance Series of speakers and speaker strobes have many different options 

that can be chosen for the candela output (brightness of the strobe) and audible output. The 

strobe for this device is 1 flash per second and the decibels are taken at a 10-ft. distance from the 

device. See the Table 11 below for more information on output for devices: 
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Table 11 Candela Rating and Sound Output for Devices Present in Building 

 
 

 

 

Audible 
 

To ensure that audible public mode signals are clearly heard, unless otherwise permitted by 

18.4.3.2 through 18.4.3.5, they shall have a sound level at least 15 dB above the average ambient 

sound level or 5 dB above the maximum sound level having a duration of at least 60 seconds, 

whichever is greater, measured 5 ft. (1.5 m) above the floor in the area required to be served by 

the system. (NFPA 72-2016 18.4.3.1)  

If ceiling heights allow, and unless otherwise permitted by 18.4.8.2 through 18.4.8.5, wall-

mounted appliances shall have their tops above the finished floors at heights of not less than 90 

in. (2.29 m) and below the finished ceilings at distances of not less than 6 in. (150 mm).  

(NFPA 72 18.4.8.1) 
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Visual 
 

Wall-mounted appliances shall be mounted such that the entire lens is not less than 80 in. (2.03 

m) and not greater than 96 in. (2.44 m) above the finished floor. (NFPA 72-2016 18.5.5.1) 

Spacing shall be in accordance with Figure 22 which shows the required spacing for wall 

mounted devices within the building. 

 

 
 

Figure 22 Spacing Requirements for Wall Mounted Visual Notification Devices 

 

The installation of visible notification appliances in corridors 20 ft. (6.1 m) or less in width shall 

be in accordance with the requirements of either 18.5.5.4 or 18.5.5.5. Corridors greater than      

20 ft. (6.1 m) wide shall comply with the spacing requirements for rooms.  

Visible notification appliances shall be located not more than 15 ft. (4.57 m) from the end of the 

corridor with a separation not greater than 100 ft. (30.5 m) between appliances. 

If there is an interruption of the concentrated viewing path, such as a fire door, an elevation 

change, or any other obstruction, the area shall be treated as a separate corridor. 

(NFPA 72-2016 18.5.5.5) 
 

Outdoor Strobes 
 

Type: Outdoor Selectable Output Speaker Strobes 

The SpectrAlert Advance series offers the broadest line of outdoor speakers and speaker strobes. 

The strobe for this device is 1 flash per second and the decibels are taken at a 10ft. distance from 

the device. See Table 12 for sound and candela ratings for outdoor devices. 
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Table 12 Sound Output and Candela Rating for Devices Present Outside Building 

 
 

There were no codes on the spacing or location of outside fire notification devices in NFPA 72. 

There are probably codes that indicate where the authority having jurisdiction would like these 

devices located. They are located on the outside of the building on all four corners of the 

building or at least on the sides of the building that the fire lane/ fire department would enter on 

so they can identify the building easily.  

 

Battery Calculations 
 

The fire alarm control panel, fire alarm initiating devices, and fire alarm notification devices are 

required to have a secondary power supply. This secondary power source is provided by a 

standby battery supply. The secondary power supply for emergency voice/alarm communications 

systems are required to operate the system under a standby load for a minimum of 24 hours and 

can operate the system during a fire or other emergency condition for a period of 15 minutes at 

maximum alarm load. (NFPA 72-2016   10.6.7.2.1.2) The battery calculations were found to be 

adequate for this building. The results from the hand calculations determined that the required 

back up power for the system on standby for 24 hours and 0.25 hours (15mintutes) would be 

24.2 amp hours for all devices within the building. The provided amp hours within the building 

are 36 amp hours. Table 13 is a summary of the total amp hours required for the alarm system 

present in Warren J Baker Center for Science and Mathematics. 
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Table 13 Battery Calculations  

 

 

 

 

 
 

Operating Characteristics of Fire Alarm System 
 

The operating characteristics of this fire alarm system is shown in Figure 23: 

-hold open door release devices 

-initiate smoke management system 

-HVAC shutdown 

- activate fire/ smoke dampers 

-elevator recall 

 

 
 

Figure 23 Operation Matrix for Fire Alarm and Smoke Management System. 
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Smoke Management System 

 

Warren J. Baker for Science and Mathematics has a passive naturally ventilated smoke 

management system for the five-story atrium in the building. The atrium is fully sprinkled and 

has a fully functioning smoke detection system. In the event of a fire within the atrium and 

detection by a smoke detector, beam detector, or sprinkler activation the smoke management 

system will activate. In activation of the smoke management system the alarm will sound, the 

police will be notified, and magnetic door locks for the horizontal exits present in the atrium will 

deactivate. The doors will shut to keep smoke and hot gases from entering other parts of the 

building. There will also be activation of the smoke vents and makeup air vents to help exhaust 

the smoke. The exhaust vents are located on the 7
th

 floor of the building and the makeup air vents 

are the exit doors located on the second floor of the building. The figure below shows the 

makeup air vents and the exhaust vents. The blue areas each have two 5ft. by 10ft. smoke 

exhaust vents. The red areas indicate the makeup air vents which both on the north and south 

side of the building are four 3ft. by 12ft. doors that have motors to automatically open in the 

event of a fire. These exit doors are motorized which in activation of the smoke management 

these motors will open the doors automatically and remain open to supply the makeup air 

required for the smoke exhaust within the atrium. The matrix above in Figure 23 above shows 

other systems that shut down in the event of an alarm within the atrium such as HVAC units shut 

down and elevator recall. Figure 24 below indicates red as the makeup air vents and the blue is 

the location of the smoke exhaust vents. Figure 25 below is a visual representation of the 

opening in the atrium.   

 

 
 

Figure 24 Makeup Air and Smoke Exhaust Vent Locations 
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 North Atrium Opening   South Atrium Opening 

 
 

Figure 25 Atrium Openings  

 

Fire Alarm System Signals 

 

The type of system in this building is a Fire Emergency Voice Alarm Communication System 

(EVACS) and Mass Notification System (MNS) combination. The system is a protected 

premises system with a supervisory station which falls under the requirements of Chapter 26.4.6 

in NFPA 72 -2016. In the case of an alarm, supervisory, or trouble signal the Cal Poly dispatch 

center is notified. In the case that a retransmission of the signal must be done it is retransmitted 

by a Digital Alarm Communicator Transmitter (DACT).  

 

Alarm signals initiated by manual fire alarm boxes, automatic fire detectors, water flow from the 

automatic sprinkler system, or actuation of other fire suppression system(s) or equipment shall be 

treated as fire alarm signals. Fire alarm signals received at the supervising station by a zone or 

zones shall be retransmitted by zone to the communications center. Fire alarm signals received at 

the supervising station that are identified as an individual point or points shall be retransmitted 

by point identifier to the communications center. 

 

Alarm Signals 
 

Upon receipt of an alarm signal, the proprietary supervising station operator shall initiate action 

to perform the following: 

(1) Notify the communications center, the emergency response team, and such other parties as 

the authority having jurisdiction requires in accordance with 26.2.1 

(2) Dispatch a runner or technician to the alarm location to arrive within 2 hours after receipt of a 

signal 

(3) Restore the system as soon as possible after disposition of the cause of the alarm signal 
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Supervisory Signals  
 

Upon receipt of sprinkler system and other supervisory signals, the proprietary supervising 

station operator shall initiate action to perform the following, if required: 

(1) Communicate immediately with the designated person(s)to ascertain the reason for the signal 

(2) Dispatch personnel to arrive within 2 hours to investigate, unless supervisory conditions are 

promptly restored 

(3) Notify the fire department if required by the authority having jurisdiction 

(4) Notify the authority having jurisdiction when sprinkler systems are wholly or partially out of 

service for 8 hours or more 

(5) Provide written notice to the authority having jurisdictions to the nature of the signal, time of 

occurrence, and restoration of service when equipment has been out of service for 8 hours or 

more 

 

Trouble Signals 
 

Upon receipt of trouble signals or other signals pertaining solely to matters of equipment 

maintenance of the alarm system, the proprietary supervising station operator shall initiate action 

to perform the following, if required: 

(1) Communicate immediately with the designated person to ascertain a reason for the signal 

(2) Dispatch personnel to arrive within 4 hours to initiate maintenance, if necessary 

(3) Notify the fire department if required by the authority having jurisdiction 

(4) Notify the authority having jurisdiction when interruption of service exists for 4 hours or 

more 

(5) When equipment has been out of service for 8 hours or more, provide written notice to the 

authority having jurisdiction to the nature of the signal, time of occurrence, and restoration of 

service 

 

Emergency Communication System 

 

The in-building fire emergency voice/alarm communications system (EVACS) shall be used to 

provide an automatic response to the receipt of a signal indicative of a fire alarm or other 

emergency. When the monitoring location is constantly attended by trained operators, and 

operator acknowledgment of receipt of a fire alarm or other emergency signal is received within 

30 seconds, automatic response shall not be required. (NFPA 72-2016 24.4) This building 

contains 172 speakers that communicate in the case of a fire alarm. 

 

Audible signal tones for alert or evacuation shall meet the audibility requirements of either 

18.4.3 (public mode audible requirements), 18.4.4 (private mode audible requirements), 18.4.5.1 

and 18.4.5.2 (sleeping area requirements), or 18.4.6 (narrow band tone signaling for exceeding 

masked thresholds), as applicable. 

 

Inspecting, Testing, and Maintenance 

 

The inspection, testing, and maintenance of systems, initiating devices, and notification 

appliances shall comply with the requirements in Chapter 14 of NFPA 72-2016. 
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Inspection 
 

Unless otherwise permitted, visual inspections shall be performed in accordance with the 

schedules in Table 14 or more often if required by the authority having jurisdiction. Devices or 

equipment that is inaccessible for safety considerations (e.g., continuous process operations, 

energized electrical equipment, radiation, and excessive height) shall be permitted to be 

inspected during scheduled shutdowns if approved by the authority having jurisdiction. 

 

Table 14 Inspection Requirements for Alarm and Notification System 
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Testing 

At the request of the authority having jurisdiction, the central station facility installation shall be 

inspected for complete information regarding the central station system, including specifications, 

wiring diagrams, and floor plans that have been submitted for approval prior to installation of 

equipment and wiring. Systems and associated equipment shall be tested per Table 15. Records 

shall be retained until the next test and for one year thereafter. 

 

Table 15 Testing Requirements for Alarm and Notification Systems 
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Maintenance  
 

System equipment shall be maintained in accordance with the manufacturer’s published 

instructions. The frequency of maintenance of system equipment shall depend on the type of 

equipment and the local ambient conditions. 

 

Summary 
 

In summary, the fire alarm system used in Warren J Baker Center for Science and Mathematics 

meets the requirements of NFPA 72 2013. The fire alarm system, all initiating/detection devices, 

and notification devices are spaced and located appropriately. The visual and sounding 

requirements necessary for proper evacuation of the building are met by use of appropriate 

notification devices. The next section discusses the performance requirements used to evaluate 

the building.  
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Performance Based Analysis 
 

The following sections cover the performance based analysis. This analysis covers typical fire 

scenarios present in this building and analysis of the atrium. Each section is a summary of the 

results and assumptions used to evaluate the building. The performance based sections are listed 

below. 

•  Fire Scenario Selections 

• Atrium  

 

These performance based sections using current codes and standards listed below. 

 

• International Building Code (IBC) 2015 

• NFPA 101 Life Safety Code Handbook (LSC) 2015 

• NFPA 72 National Fire Alarm and Signaling Code 2013 

• SFPE Handbook of Fire Protection Engineering, 5th edition 

 

Performance Criteria 
 

In the event of a fire any occupant who is not intimate with ignition shall not be exposed to 

untenable conditions whether instantaneous or cumulative. The primary objective is to meet 

specific tenability criteria to limit exposures to occupants. (NFPA 101 LSC 2015 Chapter 5) 

There are methods used to evaluate and limit untenable conditions that occupants may be 

exposed too. The method used to evaluate was method 1 where the design team can set detailed 

performance criteria to ensure that occupants are not incapacitated by fire effects. 

Design Fires Scenarios 

 

The LSC also gives a series of design fire criteria that can be used to evaluate the building. The 

scenarios used to evaluate this building are design fire scenario 6 and design fire scenario 8. The 

design fire scenario 6 states that “It is the most severe fire resulting from the largest possible fuel 

load characteristic of the normal operation of the building and it addresses the concern regarding 

a rapidly developing fire with occupants present”. The design fire scenario 8 states that “it is a 

fire origination in ordinary combustibles in a room or area with each passive or active fire 

protection system independently rendered ineffective. It addresses concerns regarding the 

unreliability or unavailability of each fire protection system or fire protection feature, considered 

individually." 

 

Design Fire 1 

 

This design fire is based on scenario 6 from the LSC 2015. The fire is located on the second floor 

in a seating area within the atrium. The area is fully sprinkled and is the largest fuel area that 

would affect the most floors if there was a fire. The fire will become sprinkler controlled at some 

point during the fire and there will be activation of the smoke management system. Figure 26 

indicates the location of the design fire scenario 1. 
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Figure 26 Three Seat Chair for Fire Scenario 1 

 

 

Design Fire 2  

 

This design fire is based on scenario 8 from the LSC 2015. The fire is located on the second floor 

in the atrium opening. This fire will not be sprinkler controlled but activation of the smoke 

management system will occur. The fire detection system will activate but there will be no 

suppression of the fire. Figure 27 indicates the location of design fire scenario 2. 

 

 
 

Figure 27 Three Seat Chair for Fire Scenario 2 
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Tenability Requirements 
 

The available safe egress time has become fundamental in performance based analysis of life 

safety in the event of a fire. It is determined from the time of ignition of the fire to the point to 

which occupant’s encounter an incapacitating dose from products of combustion and heat. These 

tenability requirements consist of visibility from smoke density, toxic products (CO), 

temperature, and heat flux from the fire. These criteria will be evaluated using fire dynamic 

simulator (FDS) to determine the tenable limits occupants will be exposed too. The values 

discussed below have been pulled from the SFPE Handbook 5
th

 Edition.  

Visibility  
 

The visibility criteria are determined by the degree of familiarity with the inside of the building. 

There are two values for occupants that are familiar and unfamiliar with the building. When an 

occupant is familiar with the building a visibility limit of 4 meters is given, but in an event that 

occupants are not familiar with the building a visibility limit of 13 meters is given. These values 

can be seen in Table 16 taken from the SFPE Handbook 5
th

 Edition. In Warren J. Baker Center 

for Science and Mathematics occupants are relatively familiar with the building. In this case a 

conservative value for visibility of 10 meters was used for the tenability criteria. 

Table 16 Visibility Criteria  

 

Toxic Products  
 

The toxic products criteria are determined by estimating the time to incapacitation for an 

exposure to carbon monoxide. When the concentrations in the space are high compared to the 

concentrations in the human body to cause incapacitation or death for short exposures to high 

CO concentrations. The uptake of CO is approximately linear. The results from CO exposure 

experiments in primates prove this. At a constant level of activity, the primates became 

unconscious when exposed to approximately27,000 ppm · min of CO at concentrations between 

1000 to 8000 ppm. The concentration to incapacitation is then approximately 27,000 ppm-min 

for light activity. The occupants being exposed to products of combustion while exiting the 

building are doing light activity so if a concentration of carbon monoxide does not exceed 

1000ppm then occupants can be exposed to this concentration for approximately 27 minutes. 

This does not consider if there are any occupants with respiratory issues or impairments. These 

occupants could succumb to fire effects quicker than other occupants without impairments. Table 
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63.9 from the SFPE Handbook gives similar values for incapacitation from toxic products. Table 

17 below summarizes the findings for these incapacitating and fatal doses. 

Table 17 CO Concentration Criteria  

 

Temperature and Heat Flux  
 

The heat exposure from a fire can be defined by the temperature that is reached or the heat flux 

that is tolerable for an occupant over a period of minutes. Per the SFPE Handbook 5th Edition 

the limit for radiant heat flux is 2.5 kW/  . This exposure can be tolerated for 30 minutes, but 

above this heat flux there could be serous skin injury. The tenability limit for this analysis will be 

defined as 2.5 kW/  . The SFPE Handbook 5
th

 Edition Figure 28 shows curves for tolerance 

time for convected heat for both dry and humid air. A temperature of 60 ℃ has been found to be 

the highest temperature at which 100% water saturated air can be tolerated. Figure 29 from the 

SFPE Handbook 5
th

 Edition also shows a diagram at what temperatures skin damage can occur. 

The temperature within the atrium shall be kept below 60°C because a short exposure time at this 

temperature can be tolerated by most occupants. The temperatures within the atrium will be 

evaluated using FDS to ensure that occupants are not exposed to temperatures exceeding 60°C. 

 

 
Figure 28 Breathable Air Temperature 
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Figure 29 Skin Tolerance to Temperature 

 

Evaluation Methods  

 

In the NFPA Life Safety Code there are a series of methods used to evaluate what conditions 

occupants will be exposed to and how to limit these conditions. The method used to evaluate the 

Warren J. Baker Center for Science and Mathematics was Method 1. Method 1 from the LSC 

states that “The design team can set detailed performance criteria that ensure that occupants are 

not incapacitated by fire effects. The SFPE Engineering Guide to Performance-Based Fire 

Protection describes a process of establishing tenability limits." These limits are based on the 

visibility, toxic products, and temperature. These tenability criteria where discussed early and 

limited to a visibility of 10 meters, a concentration of CO within the space not exceed 1000ppm, 

and a temperature not exceeding 60℃. 

 

Egress Analysis 

 

For the performance analysis of this building only egress from the atrium was used. The reason 

for this assumption is in the event of a fire all floors would be directly affected. Also, the use of 

the horizontal exits will prevent smoke movement and products of fire from moving throughout 

the building and will section off the other parts of the building from the atrium in the event of a 

fire. Also, in the IBC Chapter 2, the definition of a horizontal exit is given as “an exit component 

consisting of fire resistance rated construction and opening protectives intended to 

compartmentalize the portion of a building thereby creating a refuge area that afford safety from 

the fire and smoke from the area of fire origin.”  Pathfinder was used to evaluate the egress time 

of the atrium. Figure 30 below is a visual representation of the atrium in Pathfinder that was used 

to evaluate the egress time. 
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Figure 30 Pathfinder Snip of Atrium 

 

The occupants in this model were the default setting within pathfinder. All occupants traveled at 

3.9 ft/s, going to any exit or closest exit, and occupants can que within the simulation. This 

simulation did not consider that there may be some occupants that move slower or that may need 

assistance exiting the building. Occupants were assumed to be awake, alert, and oriented because 

of the use of the building. The simulation determined that it would take 45 seconds to evacuate 

the entire atrium with the use of the stairways, and horizontal exits. 

 

ASET vs. RSET 

 

For a performance-based analysis for a building the ASET and RSET values must be determined 

before setting performance criteria. The available safe egress time(ASET) is a fundamental 

aspect of performance-based analysis for life safety from fire. The life safety from fire is met if 

the required safe egress time (RSET) is shorter than the available safe egress time (RSET 

<ASET) for expected fire scenarios within a given building. The ASET value is the actual safe 

egress time that occupants must exit a building before untenable conditions exist. The RSET 

value is the required safe egress time that occupants need to exit the building. ASET can be used 

to determine the time to the onset of hazardous conditions for occupants. In all cases ASET must 

be greater than RSET because even though occupants may only need a short amount of time to 

exit the building (RSET) there should be adequate time for getting out of the building (ASET). 

The occupants should have adequate time to exit the building even passed the RSET because 

there are many unknown scenarios and or events that could occur which would attribute to a 

longer RSET value. With a significantly larger ASET value occupants would hopefully have 

plenty of time to exit the building in any given scenario that may present itself within the 

building. 
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RSET 
 

The required safe egress time (RSET) is determined by the time to detection, time to notification, 

pre-movement time of occupants, and time to evacuation. The sum of these values give the total 

RSET value to be used when preforming the analysis.  

 

  = time to detection 

  =time to notification 

   =premovement time 

  = evacuation time 

 

RSET=                  

 

The time to detection was determined using FDS models that will be discussed later in this 

report. The time to detection was determined by one of the atrium beam detectors at about 54 

seconds. These beam detectors activate at an obscuration of 30 percent. The National Fire Alarm 

Code specifies a maximum time of 10 seconds for fire alarm systems to actuate alarm 

notification appliances or voice communication after a detection device activates as stated in the 

SFPE Handbook 5
th

 Edition and stated in NFPA 72 2013 section 10.12.1. The pre-movement 

time was based on a study done in the United Kingdom where Sharma evacuated a 6-story office 

building Table 18 of the SFPE Handbook 5
th

 Edition, which is shown below. The video 

surveillance was used to determine the pre-movement of the occupants. The median time in 

seconds for an occupant to start moving was about 28 seconds. From the study, a range of times 

from 11 seconds to 55 seconds were found. To be conservative a value of 60 seconds was used 

for pre-movement of occupants within this performance design.  The evacuation time was 

determined using the Pathfinder model discuss earlier in the Egress Analysis portion of the 

performance based design. That value was determined to be 45 seconds but a 60 second 

evacuation time will be used to be more conservative. The total RSET is as follows: 

 

  = time to detection (52 seconds) 

  =time to notification (10 seconds) 

   =premovement time (60 seconds) 

  = evacuation time (60 seconds) 

Safety Factor of 1.5 

 

RSET = 182*1.5 

The total RSET value was determined to be 273 seconds. 
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Table 18 Pre-Movement Information 

 

 
 

ASET 
 

The actual safe egress time(ASET) was determine by the FDS models discussed later in this 

report but the models were ran for 10 minutes (600 seconds) to determine when conditions 

become untenable for occupants. The tenability requirements are based on visibility, toxic 

products, and temperatures within the enclosure that occupants are become exposed to. If the 

tenable criteria exceed the RSET value discussed above, then the analysis is successful. 

 

Design Fire 

 

The fire size and type used for evaluation within this building is based on the fuels that are 

available. There are large areas with furniture located relatively close together within the atrium 

of the building. These areas are used for studying and seating. The furniture in the atrium are all 

compliant with California Technical Bulleting 117 (TB 117). The TB 117 tests the smoldering 

effects of materials but does not restrict the heat release rate of the furniture. The size of furniture 

used was the three-seat sofa located in the seating area of the atrium. The SwRI research team 

did a series of tests on furniture that met the criteria under this technical bulletin back in 2012. 

Figure 31 below shows the predicted heat release rate per unit time using a series of models. This 

article determined the fire growth to be a medium growth fire because the chair took 

approximately 300 seconds to reach its peak heat release rate. In another article done in 2013, 

where Thomas Fabian did a series of experiments on upholstered furniture of different types. 

Thomas did a series of experiments, one of which was done on a chair like the one present in the 

atrium of Warren J Baker Center for Science and Mathematics. This chair was comprised of 

polyurethane foam with a polyester wrap and the heat release rate is show in Figure 32 below.  
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Figure 31 SwRI Research Team Results  

 

 
Figure 32 Thomas Fabian Research Results 
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When deciding the fire growth rate for the design fires, Table 19 from the SFPE Handbook 5
th

 

Edition was used to determine that a fire is a medium growth fire. The furniture within the atrium 

is 90 percent polyurethane foam and 10 percent polyester. The soot yield and CO yield were 

pulled from the SFPE Handbook 5
th

 Edition Table 20. The design fire criteria are summarized 

below was used for evaluating this building. 

 

Table 19    Categories 

 
Table 20 Soot and CO Yields for Polyurethane Foam 

 
 

• Design Fire Criteria   

• Q = 1400kW 

• α = 0.012kW/  medium fire growth coefficient (Kristopher Overholt) 

• Q = α   

• τ = 342s 

• Soot yield 0.227g/g 

• CO yield 0.031g/g 
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FDS Model Details  

 

FDS was used to determine if the tenable conditions within the space would be maintained in the 

design fire scenarios chosen above. A mesh of 0.25m (0.8ft.) was used to help in computational 

time as well as accuracy of data given within the atrium fires. There are about 707,000 cells 

within each simulation. Smoke detectors were placed at all elevator locations and beam detectors 

were placed in locations within the openings of the atrium. Sprinklers are spaced at equal 

distances from the fire source. The openings on the base of the model are then used as the 

makeup air vents for the smoke management system and each vent is based on two of the doors 

being open. At the top of the model the two openings in each atrium are the exhaust vents on the 

roof. Figure 33 is an example of what was used to evaluate the atrium. 

 
Figure 33 Example of FDS Model 

 

Design Fire 1 Results  

 

The fire was detected in 52 second by the beam detector within the atrium. The first sprinkler 

activated in 157 seconds and is the time at which the fire becomes sprinkler controlled. 

Throughout the duration of the fire, the temperature within the space does not exceed 30℃ 

which is well below the tenable requirement and can be seen in Figure 35. The visibility of 10 

meters is lost on the 3
rd

 floor in 170 seconds and can be seen in Figure 34. The visibility is below 
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the RSET value which is a failure and alternative means should be found to maintain visibility 

within the space. The highest concentration within that space of carbon monoxide is 25ppm 

which is well below the tenable criteria set earlier and can be seen in Figure 36. Table 21 below 

show a summary of the results from this simulation. Table 22 indicates when visibility is lost on 

other floors, all other tenable requirements are maintained for the full 600 seconds (10 minutes). 

 

 
Figure 34 Visibility Below 10 meters 3

rd
 Floor (170 seconds) 
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Figure 35 Temperature in Atrium (600 seconds) 
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Figure 36 CO Concentrations (600 seconds) 

 

Table 21 Results RSET vs. ASET Fire 1 
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Table 22 Visibility Lost on Other Floors 

 

 
 

Design Fire 2 Results 
 

The fire was detected in 62 seconds by the beam detector within the atrium. There is no sprinkler 

activated in this scenario and the fire does not become sprinkler controlled at any point within 

the simulation. Throughout the duration of the fire, the temperature within the space does not 

exceed 33℃ which is well below the tenable requirement which can be seen in Figure 38. The 

visibility of 10 meters is lost on the 6th floor in 170 seconds and can be seen in Figure 37. The 

visibility is below the RSET value which is a failure and alternative means should be found to 

maintain visibility within the space. The highest concentration within that space of carbon 

monoxide is 28 ppm which is well below the tenable criteria set earlier which can be seen in 

Figure 39. Table 23 below shows a summary of the results from this simulation. Table 24 

indicates when visibility is lost on other floors, all other tenable requirements are maintained for 

the full 600 seconds (10 minutes). 
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Figure 37 Visibility Below 10 meters 6

th
 Floor (170 seconds) 
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Figure 38 Temperature in Atrium (600 seconds) 
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Figure 39 CO Concentrations (600 seconds) 

 

Table 23 Results RSET vs. ASET Fire 2 
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Table 24 Visibility Lost on Other Floors  

 

 
 

Conclusion 
 

After analysis of Warren J. Baker Center for Science and Mathematics both prescriptive and 

performance based requirements are met. The prescriptive requirements for structural fire 

protection were met under the IBC and UL listings. The egress from the building met all 

requirements stated in the LSC. The fire suppression system met the requirements under NFPA 

13 and the water supply and demand are adequate for this building with the use of the electric 

fire pump. The fire alarm and detection system meets the requirements of NFPA 72. All 

initiating and notification devices are spaced accordingly and meet the candela/sounding 

requirements. The visibility performance criteria that was discussed earlier due to smoke within 

the atrium was not met. All other criteria were met such as the temperature never exceeded the 

60℃ limit and the CO concentrations within the space did not reach the 1000 ppm.  
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Recommendations 
 

The first recommendation is the use of a Mechanical Smoke Management System opposed to the 

Naturally Ventilated Smoke Management System. The reason behind this is due to the loss of 

visibility in both fire scenarios. In the first fire scenario where an upholstered chair is burning the 

visibility on the 3
rd

 floor is lost after 170 seconds indicated in Figure 40. Also, in the second fire 

scenario where there is not suppression of the fire, the visibility on the 6
th

 floor is lost in 170 

seconds indicated in Figure 41. With the use of a mechanical ventilation system it may be 

possible to have better smoke movement and exhaust so that visibility within the atrium will be 

maintained for a longer period.  

 

 
Figure 40 3

rd
 Floor Loss of Visibility 

 

 
Figure 41 6

th
 Floor Loss of Visibility 
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The second recommendation is the use of a phased evacuation plan for this building. It has not 

been determined if there is one in place by the owners of the building. The building is equipped 

with a voice communication system which can be utilized in coordinating and directing which 

occupants should evacuate and who should stay in place. The evaluation for the egress time from 

each wing was determined using Pathfinder. The occupants in this model used the default setting 

within Pathfinder. All occupants traveled at 3.9 ft./s, going to any exit or closest exit, and 

occupants can que within the simulation. This simulation did not consider that there may be 

some occupants that move slower or that may need assistance exiting the building. Occupants 

were assumed to be awake, alert, and oriented because of the use of the building. The results for 

evacuation time from each section of the building is shown below. Figure 42 shows how the 

building is compartmentalized by 2-hour fire rated horizontal exits. The blue indicates the west 

wing, the green indicates the 5-story atrium, and the red indicates the east wing of the building. 

Figure 43 is a screen shot of the east wing Pathfinder model where occupants can use the fire 

escapes, stairways, and horizontal exits. The total evacuation time for this section is 2 minutes 

and 40 seconds. Figure 44 represents the 5-story atrium where occupants can use the stairways 

and horizontal exits. The total evacuation of the atrium was determined to be 40 seconds. Lastly, 

Figure 45 represents the west wing of the building and all occupants can exit through doors, 

stairways, and horizontal exits within the simulation. The total evacuation of the west wing was 

determined to be 2 minutes and 50 seconds. In the event of a fire a phased evacuation plan for 

this building would be beneficial because trained personal could evacuate occupants intimate 

with the fire immediately before fire effects are significant. The compartmentalization of the 

building would allow the trained personal keep occupants in place that will not be affected by the 

fire and guide them to exit the building when the time is appropriate.  

 

 

 

 
 

 
Figure 42 Phased Evacuation 
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Results: 

 

 
 

Figure 43 East wing: 2min 40sec  

 

 
 

Figure 44 Atrium 40sec 

 

 
 

Figure 45 West wing: 2min 50sec 

 

 

 

 

 

 

 



90 
 

References  

 

SWRI Research  

http://www.swri.org/3pubs/ttoday/spring12/pdfs/BurningFurniture.pdf 

 

Thomas Fabian Research 

http://www.ul.com/global/documents/offerings/industries/buildingmaterials/fireservice/furniture/

Upholstered%20Furniture%20Flammability%20report.pdf 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.swri.org/3pubs/ttoday/spring12/pdfs/BurningFurniture.pdf
http://www.ul.com/global/documents/offerings/industries/buildingmaterials/fireservice/furniture/Upholstered%20Furniture%20Flammability%20report.pdf
http://www.ul.com/global/documents/offerings/industries/buildingmaterials/fireservice/furniture/Upholstered%20Furniture%20Flammability%20report.pdf


91 
 

 

 

 

 

 

 

 

 

 

APPENDIX A 
Structural Drawings  
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APPENDIX B 
Occupancy Classification Drawings  
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APPENDIX C 
Fire Suppression Drawings  
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APPENDIX D 
Fire Alarm Drawings  

 

 

 
























































