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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 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.
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Abstract

This report analyzes the fire protection features of the Warren J. Baker Center for Science
and Mathematics on the Cal Poly San Luis Obispo campus in San Luis Obispo, CA. The
prescriptive analysis of the structural fire protection, egress, fire suppression, and fire
alarm, detection, and communication systems shows that the building meets the
requirements of current codes and standards. The performance based analysis includes
simulating design fire scenarios in the atrium using computer modeling (CFAST, FDS)
and the results of these models show that the atrium meets the tenability criterion for the
calculated evacuation time of occupants.
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Project Information

Purpose

The purpose of this project is to select a building and report on its compliance with
current fire codes and standards by analyzing the design of the fire protection features
present. The fire protection features analyzed are the building's structural fire protection,
egress, fire suppression, and fire detection, alarm, and communication systems. Each
system is analyzed using a combination of the codes and standards listed below.

International Building Code (IBC) 2012

NFPA 101 Life Safety Code Handbook (LSC) 2012

NFPA 13 Automatic Sprinkler Systems Handbook 2013

NFPA 72 National Fire Alarm and Signaling Code 2013

NFPA Fire Protection Handbook, 20™ edition

SFPE Handbook of Fire Protection Engineering, 4™ edition

NFPA 25 Standard for the Inspection, Testing, and Maintenance of Water-Based
Fire Protection Systems 2014

Selected Building

The building selected to be analyzed for this project is the Warren J. Baker Center for
Science and Mathematics, located on the Cal Poly campus in San Luis Obispo, CA. The
codes and standards, relevant to the analysis in this report, the building was designed to
are listed below.

California Building Code (CBC) 2007
NFPA 101 Life Safety Code (LSC) 2006
NFPA 70 National Electric Code 2005
California Fire Code (CFC) 2007

Building Information

The building is the second largest on campus with a total square footage of 188,372 and a
height of 108 feet. It is a six-story, non-high-rise, steel structure located at the center of
the Cal Poly campus. There are 64 faculty offices, 44 laboratories, 7 studio classrooms,
and 8 lecture halls; these spaces can accommodate about 1650 students. A number of
ground level entrances/exits exist on floors 1 through 3, with the main entrances/exits
located at the end of the West wing on level 1, East wing on level 3, and the North and
South sides of the centrally located atrium on level 2.

Proposed in 2010 and opened in Fall 2013, the building was constructed to replace the
adjacent aging science building on campus.
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Prescriptive Analysis

The following sections of this report cover the prescriptive, code requirements for this
building. These sections analyze the building's structural fire protection, egress, fire
suppression, and fire detection, alarm, and communication systems prescriptive
requirements based on current codes and standards. Each section summarizes the results
of the prescriptive analysis of that particular system and lists any discrepancies found in
the design. The prescriptive sections are listed below.

Structural Fire Protection Analysis

Egress Analysis

Fire Suppression System Analysis

Fire Alarm, Detection, and Communication Systems Analysis

These prescriptive sections use a combination of current codes and standards for the
design analysis, which are listed below.

International Building Code (IBC) 2012

NFPA 101 Life Safety Code Handbook (LSC) 2012

NFPA 13 Automatic Sprinkler Systems Handbook 2013

NFPA 72 National Fire Alarm and Signaling Code 2013

NFPA Fire Protection Handbook, 20™ edition

SFPE Handbook of Fire Protection Engineering, 4™ edition

NFPA 25 Standard for the Inspection, Testing, and Maintenance of Water-Based
Fire Protection Systems 2014

The building may or may not meet the requirements of these current codes and standards
because the building was designed using prior editions of some of these codes and
standards. The codes and standards, relevant to the analysis in this report, the building
was designed to are listed below.

California Building Code (CBC) 2007
NFPA 101 Life Safety Code (LSC) 2006
NFPA 70 National Electric Code 2005
California Fire Code (CFC) 2007
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Structural Fire Protection Analysis

This section covers the analysis of the structural fire protection requirements using the
International Building Code (IBC) 2012 and details of this analysis can be found in the
sections listed below.

¢ Building Design
e Structural Fire Protection

Analysis Summary

The elements analyzed in the Center for Science building comply with the IBC
requirements for Type I-B fully sprinklered construction, suitable for primarily Group B
occupancy. Many of the details in the plans call out a UL Design No. as a basis for fire
protection in the design and all UL Design No. meet required fire ratings. The actual
thickness of SFRM was never specifically given in the plans for the structural steel, but
the UL Design No. was called out.

The design and construction of the Center for Science meets the IBC 2012 requirements
for this construction type and occupancy.
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Building Design

Occupancy Classifications

The main occupancy for the building is Group B. The classrooms are Group B and
account for the majority of the floor area on levels 2 through 6. Group B occupancy is
described in IBC Section 304.1. There are other occupancy Groups in this building that
are on different levels of the building. The other Groups are A-3, H-3, S, S-1, and S-2.

The seminar rooms (occupant load greater than 50) belong to Group A-3. The seminar
rooms account for the majority of the floor area on level 1, but are also present on levels
3 through 6. Group A-3 occupancy is described in IBC Section 303.4.

Storage rooms, mechanical rooms, electrical rooms, and hazardous belong to Groups S,
S-1, S-2, and H-3, respectively. These rooms make up a small part of the total area and
are present on only a few different levels. Groups S, S-1, S-2, and H-3 occupancy is
described in IBC Sections 311.1, 311.2, 311.3, and 307.5, respectively.

There are special requirements for Group H-3 in IBC Section 415.9. These requirements
are not related to structural fire protection, but they cover fire requirements of flammable
and combustible liquids, gas rooms, floors in storage rooms, and separation of highly
toxic solids and liquids. Depending on the actual materials stored in this occupancy
Group, it is likely that a minimum of 1-hour fire barriers between all other areas is
required. These fire barriers are covered in IBC Sections 707 and 711.

Construction Type

The building plans specify the building as Type I-B construction fully sprinklered.
Although the building was designed using the CBC, the IBC can also be used to
determine the construction type. Using IBC Table 503, the building height of 108 feet
limits the construction type to Type I. IBC Section 504.2 to increase the maximum
allowable height of a fully sprinklered building would not be enough to allow for Type II
construction.

Both Type I-A and I-B are allowed for this building. Type I-B was selected most likely
because it is less expensive than Type I-A.
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Structural Fire Protection

Fire Resistance Requirements

IBC Table 601 gives the fire resistance requirements for Type I-B construction. The
required fire resistance rating for the structural frame and exterior and interior bearing
walls is 2 hours. Floor construction and secondary members must have a fire resistance
rating of at least 2 hours. Roof construction and secondary members must have a fire
resistance rating of at least 1 hour. Non-load bearing interior walls and partitions are not
required to have a fire resistance rating and non-load bearing exterior walls and partitions
are not required to have a fire resistance rating if separation distance is over 30 feet,
otherwise the exterior walls and partitions must have a fire resistance rating of at least 1
hour per IBC Table 602. The separation distance is over 30 feet because the nearest
building is about 36 feet to the east of the Center for Science. Additionally, the fire
resistance rating for the structural frame and interior bearing walls may be reduced to 1
hour if these elements support only the roof. These requirements are summarized on
Table la.

Table 1a — Structural Fire Resistance Requirements

Hourl
Structural Element Ratin;
Structural Frame 2o0r 1
Bearing | Exterior 2
walls Interior | 2or1
Non-bearing walls 0
Floor 2
Roof Oori1

This building also has more than one type of occupancy so IBC Table 508.4 must be used
to determine the required separation of occupancies. The applicable separations for this
building are B to all others Groups, S-1 to S-2, and S-2 to H-3. The separation required
between the occupancies is 1-hour except between B and S-1 where there is no separation
requirement and there is no separation requirement between occupancies of the same
Group. These occupancy separation requirements are summarized on Table 1b.

Table 1b — Hourly Separation of Occupancies

S1[S2[H3
B | o | 1|1

S1| - [1 [ 1

s2| - [ - [1
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Structural Frame

The structural frame of the building is typical steel construction with steel wide flange
beams used as girders, beams, and columns. The elevator shafts are supported with
rectangular hollow steel sections along their heights. The steel structural frame is
protected from fire by spray applied fire resistive material (SFRM). W-shaped beams are
fireproofed to the UL Design No. 917 specification and W-shaped columns are
fireproofed to the UL Design No. X772 specification. For aesthetics and durability of the
SFRM, the columns and beams are boxed with steel channels and gypsum wallboard.

Floor and Roof Assemblies

The floor and roof assemblies are 3" thick 20 gauge composite metal decks with 3-1/4"
light weight concrete fill. The concrete is reinforced with 6x6-W2.0xW2.0 welded wire
fabric with 3/4" clear. The deck is supported by steel wide flanged beams and headed
shear studs join the beam and deck compositely. The assemblies are rated for 2 hours by
using IBC 721.2.2.1.3 to obtain the equivalent thickness of 3.75" then using IBC Table
721.2.2.1 to meet the required thickness of 3.6" for a lightweight concrete slab.

Exterior Walls

The exterior walls are either load bearing concrete retaining walls or non-load bearing
concrete masonry walls. The east sides of level 1 and 2 have 16" thick concrete retaining
walls, but all other walls are non-load bearing concrete masonry walls. Using IBC Table
721.1(2), the fire rating for the concrete retaining wall is well beyond the required 2
hours and the masonry walls are required to be between 3.2" and 4.2" thick, depending on
the type of fill. The minimum wall thickness specified on the CMU wall reinforcing
schedule is 4" so it is possible that the wall is not quite thick enough if the improper fill
was used with a 4" thick block. However, since the building is 108 feet tall with 6 stories,
the average height per story is 18 feet; allowing about 2 to 3 feet for the floor slab and
steel beam, a wall will need to be at least 15 feet high, so a minimum wall thickness of 8"
is needed, which satisfies the required fire resistance rating.

Interior Walls and Partitions

The interior walls and partitions are non-load bearing and are either concrete masonry
walls or steel stud walls. The different wall details are shown in the appendix on sheet
A8.01. Fire ratings and UL Design No. are given for each detail, if applicable. The plans
also call out some interior walls to be 2-hour rating fire walls. The walls around the
elevator and stair shafts and the walls separating the atrium from control areas 1 and 2,
the East and West wings of the building respectively, are designated as 2-hour fire rated
wall assemblies.
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Egress Analysis

This section covers the analysis of the requirements for egress using the requirements of
the Life Safety Code (LSC) 2012 and the International Building Code (IBC) 2012; the
details of this analysis can be found in the sections listed below.

Occupancy

Means of Egress

Fire Rating Requirements
Occupancy/Egress Maps

Standards referenced in this section are NFPA Fire Protection Handbook, 20" edition and
SFPE Handbook of Fire Protection Engineering, 4™ edition for calculating total
evacuation time.

Analysis Summary

The Center for Science has an occupant load of almost 3000 and several exits on each
level that meet or exceed the minimum width requirements of the LSC. The estimated
total evacuation time of the entire building is about 13 and a half minutes, based on pre-
movement time, travel time, and exit queuing. The fire resistance rating for the stairway
enclosures is 2-hour, which meets or exceeds the requirements of the LSC. The
performance based smoke analysis of the atrium shows that fire barriers are not required
at the offices on levels 4, 5, and 6 that exit directly to the atrium, the details of this
analysis can be found in the atrium analysis section of this report.

The design of the Center for Science meets the LSC 2012 requirements for occupancy,
means of egress, and fire resistance ratings.
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Occupancy

Occupancy Classifications

The building has more than one type of occupancy, so it is considered a multiple
occupancy building, per LSC Section 6.1.14.2.1. The occupancies, which are discussed
below, share common paths of travel, so the building is classified as a mixed occupancy
building defined in LSC Section 6.1.14.2.2. Due to the mixed occupancy classification,
the building shall comply with the most restrictive requirements of the occupancies
involved, per LSC Section 6.1.14.3.

The most common occupancy in the building is Group B. There are many different uses
for Group B in this building and it accounts for the majority of the floor area on levels 2
through 6. Group B occupancy is described in IBC Section 304.1. The other occupancy
Groups found in this building, on various levels, are A-3, H-3, S, S-1, and S-2.

The seminar rooms (occupant load greater than 50) and terraces belong to Group A-3.
The seminar rooms account for the majority of the floor area on level 1 and one room on
level 3. The terraces are present on levels 4, 5, and 6. Group A-3 occupancy is described
in IBC Section 303.4. Generally, Group A-3 has the most restrictive requirements of the
occupancies in this building.

Storage rooms, mechanical rooms, electrical rooms, and hazardous belong to Groups S,
S-1, S-2, and H-3, respectively. These rooms make up a small part of the total area and
are present on only a few different levels. Groups S, S-1, S-2, and H-3 occupancy is
described in IBC Sections 311.1, 311.2, 311.3, and 307.5, respectively.

There are special requirements for Group H-3 in IBC Section 415.9. These requirements
are not related to egress, but cover fire requirements of flammable and combustible
liquids, gas rooms, floors in storage rooms, and separation of highly toxic solids and
liquids.

Occupant Loads

The occupant load for each space is calculated by dividing the net floor area, defined in
LSC Section 3.3.21.2.2, by the appropriate occupant load factor in LSC Table 7.3.1.2 for
its intended use. The attached plans give the floor area and occupancy group, load factor,
and load for each room. The 300 square feet per person factor used in the plans for the
mechanical and storage rooms indicate that the plans use IBC Table 1004.1.2 for
determining load factors because LSC Table 7.3.1.2 would give 500 square feet per
person as a load factor for storage use in this building. For all other occupancies in this
building, the IBC and LSC give the same load factor. There are minor discrepancies in
the calculations where some storage space occupant loads are 1 occupant lower than they
should be due to rounding.
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The differences in load factors and rounding are not major issues for the analysis or
design of the structure because these occupancies make up a small portion of the total
building area and occupancy. The total occupant load for each level is given in Table 2a
and it includes subtotals for the West and East wings on either side of the atrium as well
as the atrium area itself, labeled as Center.

Table 2a — Total Occupant Load per Level

Level Occupant Loads (Persons)
West Center East Total
1 703 - - 703
2 262 77 184 523
3 312 155 234 701
4 179 65 221 465
5 - 67 196 263
6 - 68 183 251
Total 1456 432 1018 2906

It is worth noting that occupant load factors, and therefore occupant loads, are based on
use and not occupancy type. For example, the Business occupancy on level 1 uses a load
factor of 15 square feet per person because it is used for assembly. Since the occupant
load is below 50 persons and the area is less than 750 square feet, the space is not
considered Assembly occupancy due to IBC Section 303.1.2.

Occupant Behavior

The occupants will primarily be adults that are students and professors that come and go
at different times of the day. Occupants come and go between classes that usually last an
hour, but some classes may last longer and some occupants may stay for a longer period
within the building to study or do work. All occupants should be awake and alert.

An occupant's reaction to an alarm, the recognition time, should be almost immediate.
Once an occupant hears an alarm, they should stop what they are working on, grab their
books and/or backpacks, and begin proceeding to the nearest exit, the time the occupant
takes for these actions is the response time.

The sum of the recognition time and the response time is the pre-movement time. The
pre-movement time for occupants should be relatively quick and can be estimated using
SFPE Handbook Table 3-12.2. Considering this building as a mid-rise office building, the
average pre-movement time for occupants on a warm day is 36 seconds. This number is
important for calculating the total evacuation time of the building and for the tenability
analysis of the atrium.
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Means of Egress

Egress Capacity

Egress capacity is based on stairway capacity and doorway capacity, which can be
calculated using capacity factors found in LSC Table 7.3.3.1. However, the plans do not
use LSC Table 7.3.3.1, but rather IBC Sections 1005.3.1 for stairs and 1005.3.2 for doors.
The difference between the requirements of LSC and IBC is the LSC uses factors of 0.3
for stairs and 0.2 for doors while an exception in the IBC allows factors of 0.2 for stairs
and 0.15 for doors. The provided width of the doors and stairs still exceed the required
width calculated using the LSC, results for each component are shown on Table 2¢ on the
next page. Component labels on Table 2¢ match those on Figures a-f on pages 16-21.

Number of Exits

The number of exits required from any floor is given in LSC Sections 7.4.1.1 and 7.4.1.2.
Levels 1, 2, and 3 all have a total occupant load greater than 500, but less than 1000, so 3
exits are required. Levels 4, 5, and 6 all have a total occupant load less than 500, so 2
exits are required. The total number of exits for each level are listed alongside the
required number of exits for each level on Table 2b.

Table 2b — Total Number of Exits per Level

Total Number of
Level Exits
Provided | Required
1 3 3
2 7 3
3 4 3
4 3 2
5 2 2
6 2 2

Exit Arrangement

The exits in this building, on each level and for each space, are reasonably remote per
LSC Section 7.5.1.3. Since the building is protected by a sprinkler system throughout,
LSC Section 7.5.1.3.3 applies to reduce the exit remoteness to one-third the diagonal
distance of the area served by an exit. Neither the common path of travel or dead end
distance limits is exceeded in any space on any level of this building. Some common path
of travel distances are shown on the attached plans. Other locations were also checked to
ensure that the distance requirements were satisfied. Maximum common path of travel
distances are found in LSC Sections 12.2.5.1.2, 38.2.5.3.1, and 42.2.5 for Assembly,
Business, and Storage occupancies, respectively. Dead end corridor distances must
comply with LSC Section 7.5.1.5 and permitted dead end distances are found in LSC
Sections 12.2.5.1.3, 38.2.5.2, and 42.2.5 for Assembly, Business, and Storage
occupancies, respectively.

10
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Table 2¢ — Egress Capacity per Component
Load Factor Width (in) Meets
Levell} Component (persons) | (in/person) | Required | Provided | Required?
1 Door Main 352 0.2 71 216 Yes
1 Door Back 352 0.2 71 96 Yes
1 Door 4 160 0.2 32 36 Yes
2 Stair 5 74 0.2 15 48 Yes
2 Door 5 74 0.3 23 36 Yes
2 Stair 4 74 0.2 15 48 Yes
2 Door 4 74 0.3 23 36 Yes
2 Door West 74 0.2 15 72 Yes
2 Door Main N 74 0.2 15 144 Yes
2 Door Main S 234 0.2 47 144 Yes
2 Door East a 74 0.2 15 72 Yes
2 Door East b 74 0.2 15 72 Yes
3 Stair 5 160 0.3 48 48 Yes
3 Door 5 160 0.2 32 36 Yes
3 Stair 4 160 0.3 48 48 Yes
3 Door 4 160 0.2 32 36 Yes
3 Stair 3 160 0.3 48 48 Yes
3 Door 3 160 0.2 32 36 Yes
3 Door East 160 0.2 32 36 Yes
4 Stair 4 155 0.3 47 48 Yes
4 Door 4 155 0.2 31 36 Yes
4 Stair 3 155 0.3 47 48 Yes
4 Door 3 155 0.2 31 36 Yes
4 Stair 1 155 0.3 47 48 Yes
4 Door 1 155 0.2 31 36 Yes
5 Stair 3 132 0.3 40 48 Yes
5 Door 3 132 0.2 27 36 Yes
5 Stair 1 132 0.3 40 48 Yes
5 Door 1 132 0.2 27 36 Yes
6 Stair 3 126 0.3 38 48 Yes
6 Door 3 126 0.2 26 36 Yes
6 Stair 1 126 0.3 38 48 Yes
6 Door 1 126 0.2 26 36 Yes

11
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Travel Distance

Travel distance to exits is shown on the attached life safety plans for some spaces and
travel distance is sufficient for all spaces and occupancies per LSC Section 7.6 and LSC
Sections 12.2.6.2 and 38.2.6.3, and 42.2.6 for Assembly, Business, and Storage
occupancies, respectively.

Exit Sign Placement

The requirements of exit signs are given in LSC Section 7.10 and illumination
requirements are given in LSC Section 7.8. Exit signs and illumination are required by all
occupancies present in this building and are listed in the individual occupancy sections of
the LSC in Subsection __.2.10 and __.2.8, respectively. The placement of exit signs are
shown in the attached life safety plans and the placements meet the requirements of the
LSC, there are exit signs placed at every exit and exit signs help to guide occupants to
those exits. The number of exit signs in the corridors could be reduced in accordance with
LSC Section 7.10.2.1 and recommendations for minimum exit sign placement are shown
in the attached occupancy and exit location map.

Estimated Total Evacuation Time

The method to predict egress time for a building is explained in the NFPA Fire Protection
Handbook Chapter 4-2. The time to evacuate all levels of the entire building can be
estimated by determining the flow of people passing through egress components. The
egress component with the lowest flow will control the time taken on sets of components
in series, for example a narrow door would control flow even if it leads to a wide
stairway with greater capacity. Queuing is assumed to take place so that flow will control
the travel time. In this analysis, travel time within a stairway is considered, but the travel
time to the stairway is not considered.

To calculate the time taken on the stairs some dimensions are needed. Floor-to-floor
height is 16 feet, stair risers are 6.86 inches (7 inches used in calculations), and each
landing has about 10 feet of travel distance. The travel distance on the stairs and both
landings to one level below is 50 feet. Assuming an optimal density of 0.175 persons per
square foot due to queuing and using Equation 1 in NFPA Section 4-2, the travel speed
down the stairs is 105 feet per minute (see calculation on next page). The travel time for
an occupant moving with the flow is 0.48 minutes per floor. The calculated flow for
stairways 1 and 5, stairways 3 and 4, and the stairway doors is 59.35, 55.5, and 48
persons per minute, respectively. Stairways 3 and 4 are enclosed stairways that have their
flow limited to 48 persons per minute by the exit door at the bottom of the stairways.
Stairways 1 and 5 are outside stairways with no exit door so the flow is limited by the
stairs to 59.35 persons per minute since flow from all the entrance doors is cumulative.
The total occupant load from each level on each stairway must also be considered when
estimating total evacuation time. Table 2d on the next page summarizes the flow,
occupant load, travel time, and total evacuation time, including the pre-movement time of
36 seconds, for each stairway.

12
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Calculation of travel speed down the stairs:
S =k-akD

S =(212) - ((2.86)(212)(0.175))

S =105 ft/min

Table 2d — Limiting Egress Component Flow and Travel Times

Stair # Limiting Flow . Total Load Travell Time | Total Time
Component | (persons/min) | (persons) (min) (min)
1 Stair 59.35 413 0.48 8.04
3 Door 48 573 0.48 + 0.26 13.28
4 Door 48 389 0.48 9.18
5 Stair 59.35 234 0.48 5.02

Stairway 3 exits into the atrium on level 2 so the travel distance from the stairway exit to
the nearest exit, Door Main S, must be accounted for. The travel distance from the exit of
stairway 3 to Door Main S is about 60 feet. The atrium where stair 3 exits is quite large
so speed is assumed to be at its maximum, where density is assumed to be 0.05 persons
per square foot; using Equation 1 in NFPA Section 4-2 the travel speed from the exit of
stairway 3 to Door Main S is 235 feet per minute (see calculation below). The time taken
for an occupant to travel 60 feet is 0.26 minutes. Exit discharge into an atrium is allowed
per LSC Section 8.6.7(2).

Calculation of travel speed from stair 3 to south exit in atrium:

S=k-akD
S =(275) - ((2.86)(275)(0.05))
S =235 ft/min

Travel time to the stairway is ignored in the calculation because the analysis assumes
queuing will occur immediately upon completion of pre-movement time. The basis of
this assumption is since the estimated pre-movement time is the average of all occupants,
half the occupants have already completed their pre-movement time and begun their
travel time, and occupants initially closer to the exits may have already reached the exits
and started the queue.

The estimated total evacuation time is 13 minutes and 17 seconds, which is based on the
time for occupants to travel through stairway 3.
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Fire Rating Requirements

Fire Resistance Ratings

Stair enclosures that connect three or fewer stories are required to have a minimum 1-
hour fire resistance rating and stair enclosures that connect four or more stories are
required to have a minimum 2-hour fire resistance rating, per LSC Section 7.1.3.2.1.
Table 2e shows which levels are connected by each stairway, the total number of levels
each stairway connects, the minimum fire resistance rating, and the fire resistance rating
on the plans. Stairways 1 and 5 require a minimum 1-hour fire resistance rating and
stairways 3 and 4 require a minimum 2-hour fire resistance rating. The plans specify that
stairways 1, 3, 4, and 5 are protected with a 2-hour fire resistance rating, so the LSC
requirements are satisfied.

Table 2e — Stairway Fire Resistance Ratings

: Level Fire Resistance Rating
Stair # 112|13[4|5|6 Total Required | Provided
1 X 3 1-hour 2-hour
3 X | X[ x|x|x 5 2-hour 2-hour
4 X[ x| x|x 4 2-hour 2-hour
5 X | X 2 1-hour 2-hour

The requirements for the atrium located at the center of the building are listed in LSC
Section 8.6.7. The atrium meets these requirements, except the offices connected to the
atrium on levels 4 through 6 must be protected by a 1-hour fire barrier per LSC Section
8.6.7(1) or the results of an engineering analysis must show that enclosure is not required
per LSC Section 8.6.7(1)(b). To meet code requirements, an engineering analysis must be
performed per LSC Section 8.6.7(5) to eliminate the need for the 1-hour fire barrier. The
engineering analysis performed for the atrium is discussed in the atrium analysis section
of this report.

Interior Finish

Interior finish requirements for Assembly, Business, and Storage are provided in LSC
Sections 12.3.3, 38.3.3, and 40.3.3, respectively. Since the building is protected
throughout by an automatic sprinkler system, the interior finish requirements may be
reduced by one step per LSC Sections 10.2.8.1 and 10.2.8.2. The most restrictive
requirements are for the Assembly occupancy present in this building so the finish
requirements should be based on that occupancy.

Using LSC Sections 12.3.3, 10.2.8.1, and 10.2.8.2, the interior wall and ceiling finishes
for the corridors, lobbies, and assembly areas must be Class A, Class B, or Class C and
the enclosed stairways must be Class A or Class B. Interior floor finishes in all areas
must be Class I or Class II or must comply with LSC Section 10.2.7.2.
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Occupancy Maps

Figures a, b, c, d, e, and f are on the following 6 pages. Each figure is a color-coded map
of the occupancy and usage for each space on a particular level of the building. Primary
exit locations and suggested minimum exit sign placement are also shown on the maps.
There are more uses for the occupancies than could be labeled in the maps so only the
most common uses were labeled. The uses for each space were labeled based on the title
of each space and some spaces did not fit well with any defined use and were left labeled
as the occupancy, for example the woodshop was left as Business occupancy. The
occupancy titles for each space can be found on the plans in the appendix of this report.

15



Blake Johnson FPE 596 Spring 2015
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Figure a — Level 1 Occupancy Map
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Figure b — Level 2 Occupancy Map
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Figure ¢ — Level 3 Occupancy Map
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Level 4
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Figure d — Level 4 Occupancy Map
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Figure e — Level 5 Occupancy Map
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Figure f — Level 6 Occupancy Map
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Fire Suppression System Analysis

This section covers the analysis of the fire suppression system requirements using NFPA
13 Automatic Sprinkler Systems Handbook 2013 and NFPA 25 Standard for the
Inspection, Testing, and Maintenance of Water-Based Fire Protection Systems 2014; the
details of this analysis can be found in the sections listed below.

System Design Criteria

Water Supply

Occupancy

System Specification

Hydraulic Calculations

Inspection, Testing, and Maintenance

Analysis Summary

The Center for Science is protected with a wet pipe sprinkler system throughout,
designed to NFPA 13 2007. The occupancy classification of the building is primarily
light hazard with a sprinkler density of 0.10 gpm/ft’, but labs and utility spaces are
ordinary hazard group 1 with a sprinkler density of 0.15 gpm/ftz. The water supplied to
the system is 914 gpm at a residual pressure of 55 psi, 60 psi static. The highest pressure
demand at the base of the riser is 168 psi so a pump is required to meet the pressure
demand. The fire pump is an in-line pump rated at 750 gpm, 113 psi, 58.1 HP, and has an
efficiency of 85.3%; a pressure reducer is required for level 1. Water enters the system on
each level through the riser located in the central portion of the building in stairway 3.
The sprinklers are quick-response with a K-factor of 5.6 and are mostly pendant type
with some upright type sprinklers in utility spaces. The sprinkler system is supported by
hangers and braced against seismic motion using TOLCO braces. The system should be
inspected, tested, and maintained following the procedures of NFPA 25 to ensure proper
operation of the system.

The design of the fire suppression system in the Center for Science meets the NFPA 13

2013 requirements for a wet pipe sprinkler system to protect the types of occupancies
present, light hazard and ordinary hazard group 1.
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System Design Criteria

System Type

The fire suppression system installed in this building is a water-based sprinkler system.
The system is a wet pipe sprinkler system where most of the system is concealed with a
finished ceiling, but some portions are exposed. The requirements for wet pipe systems
are covered in NFPA 13 Chapter 7.1.

Design Criteria

Several design criteria must be met for the proper operation of a sprinkler system. The
design criteria include the water supply and water demand, sprinkler spacing, location,
and placement, system components and materials, and the support and bracing of the
system. The sprinkler system was designed to NFPA 13 2007 standards, but it is analyzed
in this report using NFPA 13 2013.

The water supply must be adequate for the sprinkler system. The flow rate and pressure
of the water supply must meet or exceed the water demand of the system, fire pumps may
be required to increase the pressure of the water supply. The water supply must also
always be available in the event of a fire. On-site water storage, such as a water tank, may
be required if the water supply lacks sufficient flow rate. Water supply information can
be found in NFPA 13 Chapter 23.2 and water demand must be calculated for an
individual system.

Sprinklers must be spaced properly so as not to exceed their maximum protection area.
Sprinklers must be positioned so they are activated and water is distributed properly,
obstructions may affect sprinkler activation and water distribution. Installation
requirements for sprinklers are covered in NFPA 13 Chapter 8.

Proper materials must be used in the installation of a sprinkler system. Every component
of a sprinkler system must be approved by a testing agency, such as ANSI, UL, or FM.
Requirements of the components of a sprinkler system are listed in NFPA 13 Chapter 6.

A sprinkler system must be supported with restraints and braces. Support of the system is
to prevent structural collapse of the piping and to increase the survivability of the system
when there is building movement, such as in the event of an earthquake. The support of
sprinkler systems is covered in NFPA 13 Chapter 9.
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Water Supply

The sprinkler system in this building is supplied by city water. Pressure was found at a
nearby existing fire hydrant and flow was found at a different nearby fire hydrant. The
static pressure was found to be 60 psi, the residual pressure was 55 psi, and the flow was
914 gpm (2270 gpm at 20 psi). The water supply has adequate flow rate, but the pressure
is too low, so a fire pump is required. See appendix for locations of hydrants. The flow
test summary is shown in Figure g.

FLOW TEST

SUMMARY
STATIC PSY . .. __ 80
RESIDUAL PSI . . 55
PITOT PSI 38
ORIFICE DIAMETER . . . . 212
COEFFICIENT OF DISCHARGE Y / 0 R
GPM 914
DATE 8-19-2011
LOCATION N. POLY VIEW DRIVE

BY WHO FLUID RESOURCE MANAGEMENT, INC.

ADJUSTED FLOW
10 % REDUCTION

STATIC PSI . 54
RESIDUAL PSY .. . . __49 _
GPM . L 814

STATIC & RESIDUAL TAKEN FROM HYD. # 63
FLOW TAKEN FROM HYD. # 64

Figure g — Flow Test Summary
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Occupancy

Classifications

Most areas of the building are considered light hazard occupancy as defined in NFPA 13
Chapter 5.2. The labs, storage, and utility rooms are considered ordinary hazard group 1
as defined in NFPA 13 Chapter 5.3. The storage occupancies on each floor are incidental
and are therefore considered miscellaneous storage as defined in NFPA 13 Chapter
3.9.1.18. The actual commodity classifications for the storage occupancies are unclear in
the plans, but if the system was designed properly the commodities could be Classes I or
IT from NFPA 13 Table 13.2.1 because the design curve used is ordinary hazard group 1.

Sprinkler Design Criteria

The sprinkler density for the light and ordinary hazard is 0.10 and 0.15 gpm/ft*,
respectively, with a design area of 1500 square feet. The chosen sprinkler area and
density satisfies the design curves in NFPA 13 Figure 11.2.3.1.1. The hose stream
allowance of 100 gpm for light hazard and 100 gpm inside and 150 gpm outside for
ordinary hazard meet the requirements of NFPA 13 Table 11.2.3.1.2.
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System Specifications

All components of the system are shown in the sprinkler drawings in the appendix.
Fire Pump

A fire pump is required in this building to meet the hydraulic demand of the sprinkler
system, see Hydraulic Calculations. The fire pump is an in-line pump with a rated flow of
750 gpm, rated head of 113 psi, rated power of 58.1 hp, and rated efficiency of 85.3%.
Due to the high pressure from the fire pump, a pressure reducer is required for level 1.

Stand Pipes and Risers

There are a total of three stand pipes and one riser in this building. The standpipes are in
stairways 1, 4, and 5 and the riser is in stairway 3, all of these pipes are concealed inside
a wall. Stand pipe 1 and the riser are 6" Schedule 10 and standpipes 4 and 5 are 4"
Schedule 10.

Cross Mains and Branch Lines

The cross mains in this building are generally found above corridors that run along the
building's center with branch lines running perpendicular to the corridors, passing into
rooms to pass water to the sprinklers. This pattern allows for simple layout of branch
lines and easy access for maintenance of the cross mains should the need arise. The cross
mains are 2%2" Schedule 10, but one section of the cross main on level 1 is 3" Schedule
10 as it leaves the pump room and splits into two cross mains. The branch lines range
between 1" and 1%" Schedule 10, depending on hydraulic demand.

Sprinklers

In the areas of this building with a finished ceiling the sprinklers are pendant type and
most utility spaces and some labs have upright type sprinklers. All sprinklers are quick
response and have a K-factor of 5.6.

Hangers and Seismic Bracing

The sprinkler system is supported by hangers and braced using TOLCO seismic braces.
The seismic design category for this building is D and the site has a soil profile of type B,

the spectral response accelerations are S of 1.26 and S; of 0.481, and the seismic
coefficient C, is 0.61.
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Hydraulic Calculations

The hydraulic calculations performed for this building are nearly 200 pages long so only
some of these calculations are in the appendix. Calculations for the fire pump, pressure
reducers, and, for brevity, only the remote area with the highest hydraulic demand are in
the appendix. Blank pages and pages that were not used for final design values, such as
pages with only crossed out graphs for the pressure reducer, are omitted from the
calculations.

The water demand at the base of the riser depends on which remote area is chosen. The
system should be designed to meet the highest pressure demand, which is 168 psi. Table
3a summarizes the results of the remote area hydraulic calculations and highlights the
maximum demand.

Table 3a — Remote Area Pressure Calculation Summary

Remote Area Pressure (psi)
Level | No. | Demand | Safety | Outlet

149.5 255 | 175.0
160.6 13.6 | 174.2

1 1 130.2 458 | 176.0
2 167.6 72 | 174.8
3 1 122.0 53.2 | 175.2
2 126.6 488 | 1754
1 135.3 401 175.4
2 716 | 1051 176.7
6
3
4

No significant errors were found in the hydraulic calculations for any remote area of the
sprinkler system in this building. Figure h on the next page shows the water supply curve
for remote area 2 on level 1, the remote area with the highest pressure demand. The
pressure of the water supply curve does not exceed the highest pressure demand of the
water demand curve, but the pressure of the combined water supply curve, which
includes the pressure rise from the fire pump, does exceed the highest pressure demand of
the water demand curve for this remote area so the system meets the highest pressure
demand.
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Water Supply Curve (C)
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Figure h — Water Supply Curve of Remote Area with Highest Pressure Demand
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Inspection, Testing, and Maintenance

NFPA 25 Chapter 5 covers the inspection, testing, and maintenance requirements for
sprinkler systems. Table 3b summarizes the requirements of NFPA 25 Table 5.1.1.2 for
the wet pipe sprinkler system present in this building. The requirements for control valves
and fire department connections found in NFPA 25 Table 13.1.1.2 are also included. All
chapters referenced are the applicable chapters from NFPA 25.

Table 3b — ITM Requirements

Component Activity Frequency Reference
Inspection  |Monthly (tamper switch) 13.3.2.1.1
Control Valves  |Testing Annually (position and operation) [13.3.3.1
Maintenance |[Annually 13.3.4
Check Valves Inspection |5 years (interior) 13.4.2.1
Pressure- Inspection  |Quarterly (sprinkler systems) 13.5.1.1
Reducing Valves |Testing 5 years (sprinkler systems) 13.5.1.2
Gauges Inspection  |Quarterly 5.2.4.1
Testing 5 years 13.2.7.2
Hﬁr::;:lacte Inspection  |Quarterly 5.2.6
ganger / Seismic Inspection  |Annually 5.2.3
racing
Pipe and Fittings |Inspection  |Annually 5.2.2
Sprinklers (Fast Inspection  |Annually 5.2.1
Response) Testing At 20 years and every 10 years 531113
thereafter
Spare Sprinklers |Inspection  |Annually 5.2.1.4
Information Sign |Inspection  |Annually 5.2.8
Elgir?eec?i?)rr:;nem Inspection  |Quarterly 13.7.1
Obstruction,
internal inspection|inspection |5 years 14.2
of piping
13.2.5
Main Drains Testing Annually/Quarterly 13.2.5.1
13.3.3.4
Obstruction Investigation |Per Chapter 14.3 14.3
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Fire Alarm, Detection, and Communication Systems Analysis

This section covers the analysis of the fire alarm, detection, and communication systems
requirements using NFPA 72 National Fire Alarm and Signaling Code 2013 and the
International Building Code (IBC) 2012; the details of this analysis can be found in the
sections listed below.

¢ Fire Alarm System
¢ Fire Detection System
¢ Inspection, Testing, and Maintenance

The NFPA Fire Protection Handbook, 20™ edition is also referenced in this section
concerning audible signaling.

Analysis Summary

The Center for Science has a fire alarm system with in-building EVACS and a smoke
detection system. The alarm system covers all spaces in the building and consists of
audible and visual alarm devices. Initiation devices for the alarm system include manual
pull stations, waterflow alarm devices, and the smoke detection system. The smoke
detection system relies on duct smoke detection for most spaces of the building and the
sprinkler system, present throughout the building, will trigger a waterflow alarm
independent of smoke detection. Batteries for secondary power ensure the system will
continue to function for 24 hours in standby and 15 minutes in alarm if there is a power
loss. A fire scenario was selected using the probabilistic approach by using statistical data
on fires that occurred in similar buildings. Regular inspection, testing, and maintenance
schedules should be followed to ensure the proper operation of the system.

The design of the fire detection, alarm, and communication systems in the Center for

Science meets the NFPA 72 2013 requirements for a fire alarm system and smoke
detection system.
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Fire Alarm System

System Type

The fire alarm system installed in this building is a fire alarm with in-building fire
emergency voice alarm communication system (EVACS). There is no mass notification
system (MNS) present in this building.

Device Design Criteria

In a fire scenario, occupants must be able to hear or see alarm indicating devices over
ambient audible or visual noise in a space. The audible/visual devices in this building are
wall mounted speakers and strobes. The EVACS should be designed to alert all occupants
during an emergency situation and inform them of necessary actions.

Audibility requirements found in NFPA 72 Section 18.4.3 state that the audible devices
must have a sound level at least 15 dB above the average ambient sound level. Average
ambient sound levels by occupancy are found in NFPA 72 Table A.18.4 and for this
building, which is primarily Assembly and Business occupancies, it is 55 dBA. Using
these two references, the minimum sound level for speakers in this building is 70 dBA.

Audible device location criteria is found in NFPA 72 Section 18.4.8 and states that wall-
mounted appliances must be 90 inches or more above the finished floor and 6 inches or
more below the finished ceiling. Mounting details for the speakers (without strobes) in
this building are not shown in the plans.

Visible signaling requirements are found in NFPA 72 Section 18.5. Visible devices must
have a minimum light output based on the room size per NFPA 72 Table 18.5.5.4.1(a) for
wall-mounted devices.

Visual device location criteria is found in NFPA 72 Section 18.5.5 and states that wall-
mounted appliances must not be less than 80 inches and not greater than 96 inches above
the finished floor. This location criterion is properly shown in the details for the wall
strobe and wall speaker strobe installations.

The EVACS requirements are found in NFPA 72 Section 24.4.2. The location of the
paging microphone station at the FACU seems to be adequate for the requirements of
NFPA 72 Section 24.4.2.5. No other information about the EVACS is given in the plans
so it may or may not meet all NFPA 72 requirements for an EVACS.
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System Devices

The fire alarm control panel (FACP) is located in the main electrical / transformer room
on the first level (room 122) and there are fire alarm terminal cabinets (FATC) on floors
2, 3, 4, and 5 located in utility spaces (electrical or telecommunication rooms). The FACP
manufacturer is Honeywell Notifier and its model number is NFS2-640.

The fire alarm system devices consist of 73 strobes, 13 speakers (7 of which are weather
proof), 165 speaker/strobes, 29 trouble monitors (non-alarm points), and 7 waterflow
alarm devices. There is at least one fire alarm device located in each space in this
building. Voltage drop calculations for each circuit and secondary power (battery)
calculations from the plans are shown in the appendix.

The EVACS has 1 voice alarm channel, 172 speakers, and 9 speaker circuits with
amplification and sound-processing equipment located in the electrical rooms at the
FAPS locations and the location of the paging microphone station is at the fire alarm
control unit (FACU) in room 122.

For each strobe, the number of candelas in each space is known so NFPA 72 Table
18.5.5.4.1(a) can be used to determine the maximum room size. The square footage of
each room can be found on the life safety plans in the appendix so the light output of each
strobe can be verified based off of square footage assuming a square-shaped room, which
most rooms in this building are nearly square in shape. All strobes meet or exceed the
required light output for each room based on square footage.

For each speaker, the wattage is known, but the sound level must be determined from
manufacturer specifications for the given model number. The speaker and speaker/strobe
model numbers are SPW and SPWS, respectively. The 2 W speaker/strobe has a sound
level of 85 dBA and the 1 W speaker/strobe has a sound level of 82 dBA. These sound
levels are rated at 10 feet from the device, but it is important that the sound level be at
least 70 dBA at every point in a room. Using the 6 dBA rule in the NFPA Fire Protection
Handbook, both devices can meet 70 dBA at 40 feet. Since every point in each room is
within 40 feet of an audible device, the audible signaling requirements are met for the
speaker/strobes. The speakers have a higher dBA rating than the speaker/strobes so they
also meet the audible signaling requirements.
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Alarm Signals and Secondary Power

Signal disposition information for supervisory, trouble, and alarm conditions is found in
the sequence of operations matrix on the plans (See FA-0). Each signal is indicated at the
fire alarm control unit (FACU) during certain events. The signaling pathways in this
building are class B, survivability level 1.

The signaling pathway system as described in the plans must meet the requirements of
NFPA 72 Section 12.3.2 to be a class B system. The survivability of the system is level 1
as defined in NFPA 72 Section 12.4.2 because the building is fully protected by an
automatic sprinkler system.

Secondary power supply requirements are found in NFPA 72 Section 10.6.7. The battery
calculations on the plans meet the requirements of NFPA 72 in that the calculations
satisfy NFPA 72 Sections 10.6.7.2.1(1) for a 20 percent safety factor to the calculated
amp-hour rating and 10.6.7.2.1(2) for the system is capable of operating in standby for 24
hours and in alarm for 15 minutes.
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Fire Detection System

System Type

The building has an automatic fire detection system using smoke detection and
sprinklers, which essentially operate as heat detectors which trigger a waterflow alarm
upon activation. Smoke detection is limited to ducts, which connect to every space as part
of the HVAC system, the atrium, elevator lobbies, and some utility spaces, such as at the
FACP. There are no heat detectors, flame detectors, or gas detectors as part of the
detection system.

Design Criteria

NFPA 72 does not specify which spaces initiating devices are required in, but refers to
other governing laws, codes, or standards in NFPA 72 Section 17.4.5 to give those
requirements. Initiating device placement requirements for this building can be found in
IBC Section 907.4.

A single smoke detector is required at the FACU per IBC Section 907.4.1. Manual pull
station location requirements are in IBC Section 907.4.2.1 and must be placed within 5
feet of any exit and travel distance to any manual pull station must be less than 200 feet.
The height requirement of the manual pull stations is in IBC Section 907.4.2.2 and must
be at a height between 42 and 48 inches.

The requirements for smoke-sensing fire detectors are found in NFPA 72 Section 17.7.
As with other initiating devices, NFPA 72 refers to other governing laws, codes, or
standards for the required placement of smoke detectors in NFPA 72 Section 17.7.1.6.
Spot-type smoke detector, duct smoke detector, and beam smoke detector requirements
are given in NFPA 72 Sections 17.7.3.2, 17.7.5, and 17.7.3.7 respectively.

Spot-type smoke detectors are only installed in certain areas so the spacing requirements
in NFPA 72 do not apply. The installation location requirement of NFPA 72 Section
17.7.3.2.1 states smoke detectors must be installed on ceilings or 12 inches from the
ceiling if installed on a sidewall. Duct smoke detectors for the control of smoke spread
have requirements listed in NFPA 72 Section 17.7.5. Requirements for beam smoke
detectors are listed in NFPA 72 Section 17.7.3.7.
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System Devices

The initiating devices for the detection system for this building consist of 31 manual pull
stations, 18 photoelectric smoke detectors, 62 photoelectric duct smoke detectors, and
beam smoke detectors (23 transmitters and 15 receivers).

The manual pull stations are located within 5 feet of each exit door in this building,
including the exit doors for each stairway, and at stairway 2 on levels 3 through 6. Travel
distances to each exit are less than 200 feet so manual pull stations need only be placed at
exits, no intermediate placements are required. Manual pull stations are at a height of 48
inches from the floor. The manual pull stations present in this building meet the
requirements of the IBC.

Smoke detectors are not evenly spaced throughout this building. Photoelectric spot-type
smoke detectors are located on the ceiling at each elevator lobby, at the FACP in room
122, and in some mechanical/electrical utility spaces. Photoelectric duct smoke detectors
are installed within HVAC ducts and their placements correlate with the HVAC system
to detect smoke from any duct and close dampers to prevent the spread of smoke.

Beam smoke detectors are located in the atrium on multiple floors; from the placements

of beam transmitters and receivers, the beams do not appear to go between floors. No
mirrors are used for the beams and maximum beam lengths are not exceeded.
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Inspection, Testing, and Maintenance

NFPA 72 Chapter 14 covers the inspection, testing, and maintenance requirements for
fire alarm systems. The visual inspection requirements are covered in NFPA 72 Section
14.3 and summarized in Table 4a on the next page, which is based on NFPA 72 Table
14.3.1. Sections referenced are the applicable sections from NFPA 72.

Testing requirements are found in NFPA 72 Section 14.4. Testing methods are located in
NFPA 72 Table 14.4.3.2, which indicates the frequency and methods for testing all
equipment and devices. NFPA 72 Table 14.4.3.2 is too lengthy to be summarized here.

Maintenance requirements are located in NFPA 72 Section 14.5 and are much more
general than the inspection and testing requirements. NFPA 72 Sections 14.5.1 through
14.5.3 state that maintenance should be in accordance with the manufacturer’s published
instructions and the frequency of maintenance and cleaning of system equipment depends
on the type of equipment and the local ambient conditions.
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Table 4a — Visual Inspection Summary
Component Frequency Method Reference
All equipment Annually Ensure there are no changes that affect | 14.3.4
equipment performance. Inspect for
building modifications, occupancy
changes, changes in environmental
conditions, device location, physical
obstructions, device orientation,
physical damage, and degree of
cleanliness.
Control Equipment Verify system normal condition
Fuses Annually
Interface equipment Annually
Lamps and LEDs Annually
Primary (main) power supply Annually
Trouble signals Semiannually
Supervising station alarm systems - Verify location, physical condition, and
transmitters a system normal condition
Digital alarm communicator Annually
transmitter (DACT)
In-building fire emergency voice / | Semiannually | Verify location and condition
alarm communications equipment
Batteries Inspect for corrosion or leakage. Verify |10.6.10
Sealed lead-acid (SLA) Semiannually | tightness of connections. Verify marking
of the month/year of manufacture.
Remote annunciators Semiannually | Verify location and condition
Notification appliance circuit power | Annually Verify proper fuse ratings, if any. Verify | 10.6
extenders that lamps and LEDs indicate normal
operating status of the equipment.
Initiating devices
Duct detectors Semiannually | Verify detector is rigidly mounted. 17.7.5.5
Confirm that no penetrations in a return
air duct exist in the vicinity of the
detector. Confirm the detector is
installed so as to sample the airstream
at the proper location in the duct.
Manual fire alarm boxes Semiannually
Smoke detectors Semiannually | Verify beam path is unobstructed
Projected beam smoke detectors | Semiannually
Supervisory signal devices Quarterly
Waterflow devices Quarterly
Notification appliances
Audible appliances Semiannually
Visible appliances Semiannually | Verify that the candela rating marking 18.5.5
agrees with the approved drawings
Supervising station alarm systems -
receivers
Signal receipt Daily Verify receipt of signal
Receivers Annually Verify location and normal condition
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Performance Based Analysis

The following sections of this report cover the performance based analysis. These
sections analyze a typical fire scenario and cover the engineering analysis of the atrium.
Each section summarizes the results and assumptions of the performance based analysis.
The performance based sections are listed below.

e Typical Fire Scenario Selection
e Atrium Analysis

These performance based sections use a combination of current codes and standards for
the design analysis, which are listed below.

International Building Code (IBC) 2012

NFPA 101 Life Safety Code Handbook (LSC) 2012

NFPA 72 National Fire Alarm and Signaling Code 2013
NFPA Fire Protection Handbook, 20" edition

SFPE Handbook of Fire Protection Engineering, 4™ edition
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Typical Fire Scenario Selection

Design Methodology

Design methods for establishing fire scenarios are found in NFPA 72 Annex B. NFPA 72
Section B.2.3.2.1.1 gives some examples of analysis techniques used to identify fire
scenarios and classifies fire scenarios as either probabilistic or deterministic. Probabilistic
approaches can be based on fire statistics, past history, hazard/failure analysis, etc. and
deterministic approaches use analysis or engineering judgment based on chemistry,
physics, or correlations based on experimental data.

The probabilistic approach is used here to determine likely fire scenarios based on
statistical data of fires in buildings of similar use. For this statistical data, the NFPA
report “Structure Fire in Educational Properties” (Richard Campbell, 2013) concerning
structure fires in college classroom buildings and adult education centers. The data uses
an estimated 700 fires involving college classroom buildings and adult education centers
per year in 2007-2011.

Fire Risk

Using Table 4C in the NFPA report, Table Sa was generated and shows the leading
causes of fire in college classroom buildings and adult education centers, their
contribution to the total percentage of fires and damage, and a risk factor, which is the

product of those percentages.

Table 5a — Leading Fire Causes in College Classroom Buildings and Risk Factors

Cause Fires (%) | Damage (%) | Risk Factor
Cooking equipment 51 2 102
Intentional 10 10 100
Heating equipment 8 8 64
Smoking materials 5 0 0
Electrical distribution and lighting equipment 5 18 90

The risk factor is an attempt to quantify the risk of a fire, which is explained in NFPA 72
B.2.3.1.1.2 by multiplying the probability of occurrence by the consequences (damages)
of a fire. Using this simple method, the risk factor can be used to select fire scenarios,
where higher risk factors indicate a higher risk fire that should be considered more
seriously in the analysis; no fire scenario should necessarily be ruled out by this risk
factor, but more attention should be given to higher risk fire scenarios.

A fire could be caused by any of the listed causes or one not included on the chart, but,
from the risk factor, the fire scenarios that should be given greater attention are cooking,
intentional, and electrical fires. Although a fire caused by heating equipment or smoking
materials could occur, their risk factors are lower; further thought about these fire causes
can support not selecting them as fire scenarios.
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Heating equipment, such as a space heater, is unlikely to be present considering that San
Luis Obispo does not get that cold in the winter. There is a risk of smoking materials
lighting a fire anywhere in nearly any occupancy, but the statistics indicate that property
damage is not high in comparison to the other fire causes, which means these fires do not
tend to spread far before being extinguished.

Location of a fire is also important in determining fire scenarios. Using Table 8C in the
NFPA report, Table 5b was generated and shows the areas of origin of non-confined fires
in college classroom buildings and adult education centers for areas present in this
building; their contribution to the total percentage of fires, injuries, and damage; and a
risk factor, which is the product of fires percentage and the greater of injuries or damage
percentage.

Table 5b — Fire Area of Origin in College Classroom Buildings and Risk Factors

Area of Origin Fires (%) | Injuries (%) | Damage (%) | Risk Factor
Cooking area 2 16 2 32
Bathroom 2 0 1 2
Laboratory 3 44 18 54
Hallway or corridor 1 0 0 0
Office 2 0 8 16
Duct for HVAC 1 0 0 0
Machinery room 2 0 1 2
Small assembly area 1 0 1 1
(< 100 persons)

Terrace 0 0 0 0

The risk factor includes injuries, if applicable, as a way to further quantify the risk of a
fire. Although the injuries in the statistics may only be caused by the ignition of a fire,
they may also indicate that a fire is more severe, spreading quickly before occupants can
escape.

A fire can occur in any area of the building, but the areas at the greatest risk of having a
fire that may cause more harm or damage than in other areas are laboratories, cooking
areas, and offices.
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Fire Scenario Selection

Combining the likely causes of fires with the likely areas of origin of fires considerably
reduces the number of choices for fire scenarios. However, a selection of a fire scenario
still must be made. Considering the causes and locations of higher risk fires, two different
reasonable fire scenarios that have a high fire risk are a cooking appliance fire in a
cooking area and a laboratory equipment fire.

Although this building does not have a kitchen or other designated cooking area, it is
possible that a study room, club room, or faculty office may have a small cooking
appliance, such as a microwave, toaster, or coffee maker. This building has labs with
various types of laboratory equipment, such as oscilloscopes and spectrometers.

Unfortunately, there is no test data for microwaves or other small kitchen appliances nor
is there any fire test data for laboratory equipment. The most similar appliance found, for
which test data exists, was a television; while not exactly like a microwave or an
oscilloscope, it has electronic components encased in a plastic shell.

For the data, the study titled “Burning of Electrical Household Appliances: An
Experimental Study” (J. Hietaniemi, J. Mangs, and T. Hakkarainen, 2001) was used. The
study generated curves for each of 3 television sets, TV3 was the smallest so its data is
used. Assuming the fire is a t-squared curve and using Excel to find a curve to fit the data
for the TV3 curve in the study, the fire growth time to reach 1055 kW, defined in NFPA
72 Section B.2.3.2.3.2, is about 3.2 minutes (this time assumes the fire becomes a t-
squared fire at 2.5 minutes into the test). TV3 never reached a heat release rate (HRR) of
1055 kW, but it is assumed that the fire would spread to other nearby devices or other
objects, continuing to grow until being suppressed.

Using the value of fire growth time with the approximate ceiling height of 10 feet 6
inches and assuming the sprinklers act as heat detectors, since there are no smoke
detectors in the labs, spaced at 10 feet with a calculated RTI of 266 m"%s!? based on their
activation temperature of 155 °F (68.3 °C), the fire will be detected when the waterflow
alarm is triggered by sprinkler activation. Using the DETACT model, the calculated time
of detection is about 210 seconds and the fire will be about 1300 kW at detection.
DETACT results are shown on Table 5c and Figure i on the next page. The DETACT
model shows that the gas temperature in the space is 151 °C, which is not approaching
flashover temperatures, when the fire is detected so the fire protection in this space is
acceptable for this fire scenario.
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Table 5S¢ — DETACT Equipment Fire Detection Time

Spring 2015

Calculation time (s) HRR |Gas temp Det. temp
0 0 20 20
30 26 30 20
60 106 45 22
90 238 62 26
120 423 82 32
150 660 104 41
180 951 127 52
210 1294 151 66
240 1690 176 82
270 2139 203 101
300 2641 231 122
330 3196 259 145
360 3803 288 169
390 4464 319 196
420 5177 350 224
450 5943 381 253
480 6762 414 283

8000

+ 7000

+ 6000

+ 5000

+ 4000

HRR (kW)

+ 3000

=

+ 2000

/

+ 1000

° 9

50 100 150

200

250 300

Time (s)

‘+ Gastemp —a— Det.temp —e— HRR ‘

400 450

Figure i — DETACT Equipment Fire Room Conditions at Detection
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Another important fire scenario for the laboratory, although it is not reflected in the
statistical data, is a chemical fire that may be caused intentionally or accidentally from an
experiment or demonstration gone awry. There are numerous flammable chemicals that
could possibly be in the laboratory and many different fuel configurations so the fire is
modeled generally as a t-squared ultrafast developing fire. No maximum is placed on the
HRR because the fuel configuration is unknown and would only be assumed to be limited
when the sprinklers activate.

Using the DETACT model, with the same spatial parameters as the laboratory equipment
fire, the calculated time of detection for the chemical fire is about 115 seconds and the
fire will be about 2500 kW at detection. DETACT results are shown on Table 5d and
Figure j on the next page. The DETACT model shows that the gas temperature in the
space is 222 °C, which is not approaching flashover temperatures, when the fire is
detected so the fire protection in this space is acceptable for this fire scenario.
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Table 5d — DETACT Chemical Fire Detection Time

Spring 2015

Calculation time (s) HRR | Gas temp Det. temp
0 0 20 20.0
10 19 28 201
20 75 40 20.6
30 169 54 21.6
40 300 69 23.4
50 469 86 26.0
60 675 105 29.6
70 919 124 34.2
80 1200 144 39.8
90 1519 166 46.6
100 1876 188 54.5
110 2269 210 63.6
115 2480 222 68.5
125 2931 246 79.4
135 3418 270 91.3
145 3943 295 104.5
155 4506 321 118.8
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Figure j — DETACT Chemical Fire Room Conditions at Detection
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Atrium Analysis

An engineering analysis of the atrium must be performed to meet LSC Section 8.6.7. The
goal of this analysis is to show that a tenable environment is maintained for the duration
required by the LSC. To accomplish this goal, the Consolidated Model of Fire and Smoke
Transport (CFAST) and Fire Dynamics Simulator (FDS) were used to model a fire that
impacts the tenability of the atrium. The details of the atrium analysis are covered in the
sections listed below.

e Tenability
e CFAST
e FDS

Analysis Summary

The tenability criterion for the atrium is to keep the smoke layer 6 feet above the floor.
The atrium is naturally ventilated from roof vents and exterior doors. There are two likely
paths occupants can take to exit the building with a required safe egress time for any
occupant between 76 and 206 seconds. Two fire scenarios were modeled in CFAST and
one in FDS. A t-squared ultrafast 3500 kW office fire was modeled using CFAST and a t-
squared medium 700 kW chair fire in the atrium was modeled using both models. A fire
in an adjacent office that spills smoke into the atrium will cause a tenability failure
earliest at 180 seconds, but occupants of all floors have sufficient available time to safely
egress because the EVACS can be used to inform certain occupants to take alternative
paths. The chair fire in the atrium is not well modeled in CFAST because a two-zone
model does not adequately account for the physics of connected compartments that form
a single large open space. The FDS model of the chair fire in the atrium should be
considered more accurate than the CFAST model for this chair fire. The FDS model for
the chair fire in the atrium shows this fire scenario meets tenability requirements. FDS
could give a more detailed analysis of the office fire, but the results from CFAST are
adequate for the atrium analysis.

Based on the results of the CFAST and FDS models, the atrium meets the tenability
requirements of LSC 2012.
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Tenability

Smoke Control

The most general tenability criterion is stated in LSC Section 5.2.2 that any occupant not
intimate with ignition shall not be exposed to untenable conditions. For the atrium, the
primary tenability concern is to keep the smoke layer interface at least 6 feet above the
floor long enough to allow occupants to egress.

The smoke control system in the atrium is a passive natural ventilation system. There are
four 120"x60" roof vents and, when a fire is detected, interior hallway doors to the atrium
close and the exterior entrance/exit doors to the atrium open.

Egress Time

Occupants must not be exposed to untenable conditions so sufficient time must be
allowed for them to exit the building. The available safe egress time (ASET) is the time
occupants have before they are likely exposed to untenable conditions and this time must
exceed the required safe egress time (RSET), which is how long occupants take to exit
the building. ASET is determined in the fire models and RSET can be calculated as the
sum of the pre-movement (delay) time and travel time. RSET varies based on where the
occupant is in the building and to which exit the occupant travels. A margin of safety
should also be applied when comparing ASET and RSET because of the uncertainty in
the models and in calculating how people are likely to react in an emergency scenario.
Based on values found in the LSC, the margin of safety is taken to be 1.5 in this report.

Using the method in the egress section of this repot for calculating total evacuation time,
RSET can be calculated. In this calculation, the number of occupants should be limited to
only those in and adjacent to the atrium by using the EVACS to route other building
occupants away from stair 3 in the atrium. Queuing is assumed to not occur because of
the limited number of occupants. The evacuation time for the offices can be determined if
the path taken by occupants is known. For the offices above level 2 in the atrium, there
are two primary paths occupants could take. Path 1 is from the offices to stair 3, to level
2, then to the exit in the atrium. Path 2 is from the offices to the East or West wings of the
building through the hallway doors in the atrium, through which occupants are assumed
to have exited the building for the purpose of calculating RSET. The RSET calculations
for paths 1 and 2 are summarized in Tables 6a and 6b, respectively, on the next page and
do not include the safety factor.
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Table 6a — Path 1 Evacuation Time

RSET Action Time (s)
Delay 36
to exit stair 3 40
Travel Igolrgvlslvglf 114
to exit door 16
| Total | 206

Table 6b — Path 2 Evacuation Time

RSET Action | Time (s)
Delay 36
Travel to atrium
exit door 40

Total 76
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CFAST

Model Details

CFAST is a two-zone model that assumes a hot upper gas layer and a cooler lower gas
layer in every compartment; the hot upper gas layer is assumed to be the smoke layer. It
is not possible to model complex geometries or ventilation conditions in CFAST.

The atrium was modeled in CFAST as 25 individual compartments connected by
horizontal and vertical vents. Each level is defined with a single large 12 foot tall
rectangular compartment of equal area to that level of the atrium, two smaller 9.5 foot tall
compartments to represent the East and West hallways that connect the atrium to the rest
of the building, and two 4 foot tall compartments to represent the North and South
vertical openings that define the atrium.

Smoke detectors were placed at approximate locations in the atrium of each duct on
levels 2 and 3 and in the vertical openings to represent beam smoke detectors, which
CFAST. The smoke-temperature correlation is used in the model as the smoke detection
basis where a 13 °C rise in temperature activates the detector.

The atrium is naturally ventilated with interior doors to the hallways initially open and
exterior doors on level 2 initially closed. When the fire is detected, the interior doors
close and exterior doors open, the ducts to the atrium also close.

Two fire scenarios were modeled in CFAST: an office fire on level 6 with the door forced
open that spills smoke into the atrium and an upholstered chair fire on the level 2 (ground
level) of the atrium.

The office is modeled as another compartment and has a single sprinkler and a duct that
is monitored by a duct detector. The fire selected for the office is a 3-panel workstation,
which is represented by a t-squared ultrafast developing fire with a maximum heat release
rate (HRR) of 3500 kW. The fire is placed on the far wall away from the sprinkler and
duct.

The furniture present in the atrium consists of chairs, couches, and tables. From pictures
of the space, the chairs and couches appear to have minimal upholstery and the tables
appear to be non-combustible. From fire test data similar to the kind of chairs present, the
fire selected is a t-squared medium growth rate fire with a maximum HRR of 700 kW. It
is assumed that the couches have similar flammability characteristics to the chairs. The
fire is placed at a wall where furniture is seem in pictures of the atrium, equal distance
from sprinklers, and a significant distance from smoke detectors.
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Results

The office fire was detected after 30 seconds by a duct smoke detector. Figure k on the
next page shows a Smokeview rendering of the model at the time of detection. Table 7a
below summarizes the results of the office fire simulation at each level and differentiates
RSET between paths 1 and 2.

Table 7a — Office Fire Smoke Layer & Tenability

Smoke Layer | Time at ASET ASET
Level Heig_ht a)tl Telnability A(SST E?I(ES-I; RSET ?Z?I(ES-I; RSET
Detection (ft) | Failure (s) (1) 2)

G2 11.3 260 230 52 442 52 4.42
3 10.3 180 150 121 1.90 76 1.97
4 10.6 320 290 149 1.54 76 3.82
5 10.5 370 340 178 1.29 76 4.47
6 10.5 600+ 570+ 206 1.12 76 7.5+

ASET exceeds RSET for all levels so the tenability criterion is met for this office fire
simulation. The safety factor for each level should be greater than 1.5, but it is not for
levels 5 and 6 when the occupants use path 1. The EVACS should be used to tell the
occupants to use path 2 by informing the occupants on levels 5 and 6 to exit the atrium to
the East or West wings of the building and then proceed to an exit.

The chair fire was detected after 130 seconds by a beam smoke detector. Figure 1 on the
next page shows a Smokeview rendering of the model at the time of detection. Table 7b
below summarizes the results of the chair fire simulation at each level and differentiates
RSET between paths 1 and 2.

Table 7b — Atrium Chair Fire Smoke Layer & Tenability

Smoke Layer | Time at ASET ASET

Level Heig_ht a)tl Telnability A(SST E?I(ES-I; RSET ?Z?I(ES-I; RSET
Detection (ft) | Failure (s) (1) 2)

G2 7.1 600+ 470+ 52 9.0+ 52 9.0+
3 2.3 a0 n/a 121 <1.0 76 <1.0
4 6.2 140 10 149 <1.0 76 <1.0
5 7.2 200 70 178 <1.0 76 <1.0
6 7.5 250 120 206 <1.0 76 1.58

The tenability criterion is not met for either path on levels 3 through 5 and failures are
noted in red text. Varying the chair fire in CFAST by changing its maximum HRR and
growth rate did not solve the tenability failure. The result of this model is that the
furniture should not be allowed because it presents a smoke hazard to the entire atrium
that cannot be mitigated without changing the space. However, this same fire is modeled
in FDS for confirmation, but a different result was achieved, which indicates this fire
scenario is not well modeled in a two-zone model like CFAST.
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Figure k — CFAST Office Fire Smoke Layer Height at Detection
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Figure | — CFAST Atrium Chair Fire Smoke Layer Height at Detection
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FDS

Model Details

Unlike CFAST, FDS is not a two-zone model, it is a computational fluid dynamic model
(CFD). In general, FDS should give a fairly realistic assessment of the conditions of a
space during a fire, given the proper inputs. Due to the complexity of the atrium, a CFD
model would be expected to give a better result than a two-zone model.

The atrium was modeled in FDS similarly to CFAST by using 25 rectangular meshes.
Wall angles were not input to the model because angled walls are not expected to
significantly affect the smoke layer height. A coarse mesh resolution of 0.3 m (about 1
foot) was chosen to balance computational time and accuracy for the large open space of
the atrium; with this mesh resolution, there are about 260,000 cells in the model

Smoke detectors were placed at the location of the elevator on all levels and at the vents,
to represent duct smoke detectors, on levels 2 and 3. Beam smoke detectors were placed
at the locations indicated on the plans. Two sprinklers are placed equal distance from the
fire source.

The atrium is naturally ventilated with interior doors to the hallways initially open and
exterior doors on level 2 initially closed. When any detection device activates, the interior
doors close and exterior doors open, the ducts to the atrium also close.

The same chair fire from the CFAST simulation is modeled in FDS as a t-squared
ultrafast growth rate 700 kW maximum HRR. Figure m below shows the actual heat
release rate curve FDS generated for this fire.
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Figure m — FDS t-squared Ultrafast 700 kW HRR Curve
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Results

The fire was detected after 85 seconds by the smoke detector by the elevator on level 2.
Figure n at the bottom of this page shows a Smokeview rendering at the time of
detection. Table 8a below summarizes the results of the simulation for levels 2 and 3;
levels 4 through 6 are not included because a smoke layer does not form on these levels.

Table 8a — Atrium Chair Fire Smoke Layer & Tenability

Smoke Layer | Time at ASET ASET
Level | Heightat | Tenability A(SST Fﬁg RSET '(Z?'(EST) RSET
Detection (ft) | Failure (s) (1) 2)
G2 10.5 na : 52 : 52 :
3 na 293 208 | 121 | 274 | 76 | 274

ASET exceeds RSET for all levels so the tenability criterion is met for this chair fire
simulation and the safety factor is greater than 1.5 for both paths for all levels. A smoke
layer forms on level 2, but does not fail the tenability criterion for the duration of the
simulation. A smoke layer forms on level 3 sometime after detection and the smoke layer
on level 3 eventually descends below 6 feet from t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>