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This report summarizes the analysis of the existing fire protection features and systems installed in the
Recreation Center building on the Cal Poly campus. The analysis is conducted into two different
approaches.

A prescriptive analysis approach will examine installed fire protection features and systems in
accordance with the International Building Code. The analysis will consider the building as existing
building as per IBC provisions.

A performance-based approach will assess whether the building occupants will egress the building
before conditions become untenable. Fire dynamic simulations will be used to determine the available
safe egress time and evacuation simulations will performed to estimate the required safe egress time.

Two fire scenarios were analyzed to assess tenability conditions. The first fire scenario assuming a stage
fire during a fully-packed-gymnasium concert has revealed that conditions become quickly untenable for
second floor bleachers top seat occupants. The same conclusion was reached for the assessment of the
second fire scenario assuming fire under bleachers on the second floor.

The following recommendations were put forward to enhance safety of personnel and users of the Rec
Center:

e Training of personnel in enforcement of life safety management procedures and regular fire
safety awareness campaigns were suggested as important tools to improve safety factor between
ASET and RSET.

e Re-assessment of installed sprinkler system in the gymnasium as existing system was designed for
light hazard occupancy while the bleachers flammability study revealed that the gymnasium
should be classified as extra ordinary hazard occupancy.

Performance-based analysis of postulated fire scenarios is encouraged in order to formulate
comprehensive improvement life safety measures for the Rec Center.
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The Recreation Center opened in 1993 as the first comprehensive facility of its kind in the
California State University system. It became an instant recreational hub for California
Polytechnic State University students and San Luis Obispo community. As Cal Poly
enrollment continued to grow as the usage of the Recreation Center increased to the
point of overcrowding; a decision to renovate and expand was taken in 2008 after student
protest actions.

In 2009, through the shared vision, hard work and financial commitment of Cal Poly
students, the construction works started.

The expanded Recreation Center was opened in January 2012 as a welcoming
destination for Cal Poly community to relax, recreate and socialize. The renovated
Recreation Center is 165000 square feet of recreation space that includes three separate
exercise areas filled with state of the art weight and cardio equipment, three fithess
studios for group exercise classes, an indoor track, a lounge area, a leisure pool, locker
rooms with individual showers, a martial arts training room and much more variety of
fitness and recreation programs that promote lifelong healthy habits.

The project work will analyze the current conditions of the fire protection systems installed
in the Recreation Center based on the prescriptive requirements of applicable codes. The
fire protection systems that are analyzed include structural fire protection, water-based
fire suppression systems, fire alarm and detection systems, and egress systems.

A performance-based analysis will be conducted to assess the gymnasium egress time
assuming two fire scenarios. The first scenario assumes a fire emanating from sound
equipment on a stage during a concert held in the main gymnasium with all bleachers in
fully expanded positions. The other scenario simulates a fire under bleachers on the
second floor of the main gymnasium with bleachers on the first floor in retracted position

The following codes and standards, applicable as per August 15t 2007, formed the design
basis for the construction and operation of the Recreation Center:

e 2007 California Administration Code, Part 1, Title 24

e 2007 California Building Code (CBC), Part 2, Title 24
(2006 International Building Code with 2007 California requirements)

e 2007 California Electrical Code (CEC), Part 3, Title 24
(2005 National Electrical Code with 2007 California requirements)

e 2007 California Mechanical Code (CMC), Part 4, Title 24
(2006 Uniform Mechanical Code with 2007 California requirements)

e 2007 California Fire Code (CFC), Part 9, Title 24
(2006 International Fire Code with 2007 California requirements)

Culminating Project Report — AM Spring-2014 13



e 2007 California Referenced Standards Code, Part 12, Title 24

e Applicable NFPA standards:
o NFPA 13: Automatic Sprinkler systems (2003 Edition)
o NFPA 14: Standpipes Systems (2002 Edition)
o NFPA 72: National Fire Alarm Codes (2007 edition)

Culminating Project Report — AM Spring-2014
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PART I: PRESCRIPTIVE APPROACH

CHAPTER 1: STRUCTURAL ANALYSIS

The Cal Poly Recreation Center would be classified as group A in accordance with IBC Use and Occupancy
Classification requirements, referring to IBC 2009-Section 303: “Assembly Group A occupancy includes,
among others, the use of a building or structure, or a portion thereof, for the gathering of persons for
purpose such civic, social or religious functions; recreation, food or drink consumption or awaiting
transportation”.

In particular, the Rec Center main gymnasium complies with the definition of an atrium (as per ICC-2009,
Section 404.1.1); therefore the Rec Center shall comply with requirements as prescribed in section 404.2
to 404.9

However it is recognized that the Rec Center is a mixed and non-separated occupancy building, as defined
by IBC section 508.3.1. As such, it shall comply with all requirements that are applicable to each of the
purposes for which the room or space will be occupied.

Table 1.1: Occupation Classification

Gymnasium A-3
Fitness A-3
Offices / Administration B
Yoga / Meditation A-3
Storage rooms S

Mechanical/Electrical Equipment rooms/spaces Accessory (Incidental use)

Section 503 of IBC-2009 is used to determine what building construction type the Rec Center can be
classified into based on its occupancy type and physical dimensions.

The Rec Center has the following physical dimensions:

a) Number of stories: 2
b) Height: 65 ft (average height of highest roof)
c) Total area: 165 715 Square ft

Based on the physical dimensions, the Rec Center can be classified to be Type I-B building construction in
accordance with IBC-2009, Table 503. Refer to Table 1.2 below for details.
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Table 1.2: Extract from Table 503: Allowable Building Heights and Areas

TABLE 503

ALLOWABLE BUILDING HEIGHTS AND AREAS®

Building height limitations shown in feet above grade plane. Story limitations shown as stories above grade plane.
Building area limitations shown in square feet, as determined by the definition of "Area, building,” per story

T¥PE OF CONSTRUCTION
TP TYFE I TYFE W TYPE IV TYPE W
A | B A | B A | B HT . | B
HE WS HT | fat) UL | LEd) (1] | 55 | 55 &5 50 | 4
ETORIEZ(Z)
®| crowe ARES (4]

Al 5 1] 5 3 2 3 2 3 2 1
¥ A L I 15,500 £.500 14,000 £.500 15,000 11,500 5,500

13 5 L 1 3 2 3 z 3 2 1
ke A L IL 15,500 2500 14000 2500 13000 11500 000

a3 5 L 11 3 2 3 2 3 2 1
- A L 1L 15,500 8500 141000 5,500 15,000 11500 6,000

A 5 L ii 3 3 3 2 3 2 1
i A L 1L 15,500 8500 14000 5,500 15,000 11,500 6,000

a5 5 L 1L L L T UL 1L 1L 1L

p— o oo .- .- .= n-i- oo .- - a-:o

5 1w 11 5 3 5 3 5 3 2
s A L 1L 37,500 23,000 28,500 18,000 36,000 1E000 8,000

E 5 L 3 3 2 3 z 3 1 T
A L 1L 26,500 14,500 23,500 14,500 25,500 1E 500 9,500

£ 3 UL 1 4 2 3 2 4 2 1
: A L 1L 25,000 15,500 15000 13,000 33,500 14300 B,500

- 5 1w 1 3 3 4 3 5 3 2
i A i I 37,500 25,000 18,500 18,000 30,500 21000 13,000

However with addition of fire protection features, there is a need to check if other building types would
have been allowed.

IBC section 504.2 allows for the values specified in Table 503 for maximum building height to be increased
by 20 ft and the maximum number of stories to be increased by one, where a building is equipped
throughout with an approved automatic sprinkler system in accordance with IBC section 903.1.1.1.

IBC section 506.1, the building areas limited by IBC Table 503 shall be permitted to be increased due to
frontage (If) and automatic sprinkler system protection (Is) in accordance with the following formula:

Ag = {A¢ + [AexIe] + [AcxLG]}

Where a building has more than 25% of its perimeter on a public way or open space having a minimum
width of 20 ft, the frontage increase shall be determined in accordance with:

I = [F/ P-0.25] W/30

Where:

F= Building perimeter that fronts on a public way or open space having 20 ft open minimum width.

P= Perimeter of entire building

W= Width of public way or open space

When a building is equipped throughout with an approved automatic sprinkler system in accordance with

IBC Section 903.3.1.1, the building area limitation in Table 503 is permitted to be increased by an
additional 200 % for building with more than one story above grade plane.
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In our analysis, it appears that the total area of the Rec Center is the driving factor of the building type
determination. Calculations were performed to determine the increased areas due to the installation of
an approved automatic sprinkler system throughout the building.

Table 1.3 gives a summary of the increased areas of other construction types.

Summary of increased tabular values:

Table 1.3: Summary of Increased Areas for Building Construction Types due to Automatic
Sprinkler System Installation

Occupancy Type ll Type lll Type Type V
Groups
A B A B v A B

TabularA 15500 9500 14000 9500 15000 11500 6000
49083 30083 44333 30083 47500 36416 19000

Group B
Tabular A 37500 23000 28500 19000 36000 18000 9000

118750 72833 90250 60166 114000 57000 28500

The increased areas and story heights due to frontage and automatic sprinkler system installation
revealed that no other building construction types would have been allowed in accordance with IBC
provisions; therefore the design selection limiting factor is the building floor area.

FIRE RESISTANCE RATING OF CONSTRUCTION ELEMENTS

Building elements of the Rec Center shall have a fire-resistance rating not less than that specified in IBC-
2009, Table 601 and applicable provision of Section 703.2; and non-load bearing exterior walls shall have
a fire-resistance rating not less than the specified in Table 602.
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Table 1.4: Extract from IBC Table 601: Fire Resistance Rating

Primary structural frame 2
Exterior bearing walls 2
Interior bearing walls 2
Exterior nonbearing walls & partitions See Table 602
Interior nonbearing walls & partitions 0
Floor construction & secondary members 2
Roof construction & secondary members 1

Table 1.5: Extract from IBC Table 602: Fire Resistance Rating

TABLE 602
FIRE-RESISTANCE RATING REQUIREMENTS FOR EXTERIOR WALLS BASED OM FIRE SEPARATION DISTANCE® .
FIRE SEPARATION DISTANCE =X OCCUPANCY OCCUPANCY OCCUPANCY
| =] TYPE OF CONSTRUCTION GROUPH' GROUP F-1, M, 518 |GROUPA, B, E F2 I R, 3-2¢ ut
=5 All 3 2 1
) 14 3 2 1
=X <10 ol 2 1 / 1 \
14.1B 2 1 |4
M=X<3 IIB, VB 1 0
Ctthers 1 1 |4

] All /] 0 \.:]/

For 5I: 1 foot =304 .8 mm.

IBC-2009, Section 602.1.1 prescribes minimum requirements as the following: “a building or portion
thereof shall not be required to conform to the details of a type of construction higher than that type which
meets the minimum requirements based on occupancy even though certain features of such a building

actually conform to a higher type of construction”.

Building elements in construction Type I-B are of noncombustible materials. The Rec Center building
elements shall meet the following minimum fire-resistance ratings in accordance with IBC requirements

as shown in Table 1.4 and 1.5.
The following building elements in the Rec Center were selected for assessment:
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a) Columns:

Columns are part of the primary structure of the Rec Center; columns are of different physical properties,
but they are all protected with a spray applied fire resistive material to meet required fire rating of 2 hours
(refer to Table 1.4) and enclosed in concrete, metal cover, glass fiber reinforced gypsum for interior steel
columns (GFRG) or in glass fiber reinforced concrete (GFRC) for exterior columns.as shown in the drawings
below:

STRUCTURAL STEEL
COLUMN SND SPRAY
AFFUED FIREFROOFING

GLASS FIBER REINFORCED
GYPSUM COLUMN COVER
AND SURPORTS

METAL STUDS

ALUMINLIM
CURTAIN WalLL

SEE DETAL 13/- FOR
ELEVATION

Figure 1.1: Typical Interior CFRG Column Cover
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SPRAY-APPLIED
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(o78100 \

w1

WMETEL STUD FRAMING T A\ |
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e - =l
(a9

1/2" SEALANT AND Ir

|

1

|

|
-0 3/4"

5 3/4

BACKER ROD
(o7e000

WETAL FLATE CLADTING
COLUMN COVER

r 2
(074214

Figure 1.2: Typical Interior Metal Column Cover

-

4 COLUMN
WETAL CORNER EEAD —-\ P oL

(052800 )

SPRAY-APFPLIED
FIREFROOFRG

STEEL COLUMN

051200

- COEUMS—T
(]

5/8° GYPSUM . " e
WALLBOARD o | E_ L 1

) il
("D52300 - b ' :

ROODF AND OVERFLOW 1N
DRAINSG WHERE CCCUR ~ |

(221513

e

Figure 1.3: Typical Gypsum Wallboard Column Cover
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. SEE DETALL 9/ FOR
|GAD ELEVATION
A

30" [AMETER

| TWO-PIECE
GLASS—FISER
REMFERCED CONCRETE
COLUMN COVER [GFRC)

METAL STUDS WHERE
REGQUIRED

STRUCTURAL STEEL
COLUMN AND SPRAY
APPUED FIREFROOFING

METAL AWGLE WELZED
T STRUCTURAL
i COLUMN

Figure 1.4: Typical Exterior GFRC Column Cover
b) Beams

Columns and beams part of the primary structure are sprayed with a fire resistant material in

order to meet the 2 hours fire-resistance rating as required. In addition to SFRM some beams are
enclosed in metal cover as shown in the drawing below:

170 LB 2

STEEL BEAM
0 200

! LeYER 5/8 GYP. BD

(oeze00
EAMTED METAL FLATE

COVER

1,27 SEALANT AND
HATKER ROD

-6 1,/

Figure 1.5: Typical Beam Metal Cover
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c) Floor and Roof Assemblies

Floor and roof assemblies are rated for 2 hours; different designs are used in order to meet the

required fire-resistance of 2 hours. Depending on type of ceiling, suspended floor/ceiling are
covered with 5/8” gypsum wallboard or with 7/8” plaster over metal lath

The following drawings illustrate different roof and floor designs used at the Rec Center.
CHANMEL MOLDING

Y
\ ;
L "'.- r
[ Il
£ 1 ——— —
L [l ===
. =q 7

5/8" GYPSUM
WALLEOARD

3/4" 16 GA. COLD—ROLLED
\ CROSS RUNNER CHAMNELS
i Fl.T 't—:-"

0.c.
METAL CORMER HEAD

—TYPICAL

L—7/8" PLASTER OVER WETAL
| LATH

METAL REVEAL MOLDING

Figure 1.6: Typical Suspended Plaster/Gypsum Wallboard

d) Exterior and Interior Walls

The loading bearing interior and exterior walls are constructed with 2 hours fire-resistance

Several designs are used to achieve the required fire-resistance rating, some walls have 5/8”
gypsum wallboard cover over the metal stud framing (Component additive method)
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Figure 1.7: Typical Metal Plate Wall Cladding

e) Partitions

There are no fire-resistance requirements for non-load bearing partitions as per IBC-2009, Table
601. However the Rec Center building has non-rated partitions, 1 hour and 2 hour fire-rated (UL

system) partitions. See Appendix B for non-rated typical details.
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CHAPTER 2: FIRE ALARM AND DETECTION SYSTEM

TYPES AND OPERATING CHARACTERISTIC OF FIRE ALARM SYSTEM

The fire alarm system in the Rec Center is made of addressable initiating devices and notification
appliances. Each device has got a specific electronic address, at any point of time the fire alarm control
panel (FACP) gets feedback from those devices and each device status can be checked on the FACP display
panel and also is displayed on the fire alarm annunciator display panel. The fire alarm control panel
differentiate between three types of signals:

a. Alarm signals: which indicate a fire or fire signature conditions; the fire alarm control panel
activates notification appliances (audible and visual) to alert occupants to evacuate. The signals
are automatically transmitted to the proprietary supervising station to organize appropriate
intervention.

b. Supervisory signals: which are indicative of a need for action in connection with other systems
connected to the fire alarm system; the FACP relay automatically the signal to the proprietary
supervising station located at the campus police department. The operator in attendance informs
the campus Electrical Service Department in order to take appropriate measures (fix the problem).

c. Trouble signals: these signals are initiated by a device or a system to indicate a fault in the
monitored device or system. The signals get transmitted to the operator in the proprietary
supervising station to organize intervention.

The fire alarm system also interfaces with other auxiliary systems, such as elevator recall system, and
smoke management system, which are activated in fire conditions.

The Rec Center fire alarm system is a building fire alarm system as defined in NFPA72 (2010 edition)
§3.3.95.4.1 that is connected to a proprietary supervising station alarm system connecting all the
individual building fire alarm systems installed on the Cal Poly campus. The supervising station is located
in the university police department building. There are operators in attendance at all times supervising,
monitoring and responding to the campus individual building fire alarm system signals.

The campus Electrical Service Department is in charge of maintenance of all the campus building fire alarm
systems.

The main purpose of the Rec Center building fire alarm system is to activate local audible and visible alarm
notification appliances to notify the occupants that they must evacuate the protected building in a fire
condition and to send fire alarm signal to the supervising station.
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The building fire alarm system uses Honeywell model NFS2-640 fire alarm control panel; located in the
same room as the main electric power supply cabinets. This room is locked and access is limited to
authorize people only.

The NFS2-640 intelligent Fire Alarm Control Panel is part of the ONYX®
Series of Fire Alarm Controls from NOTIFIER. In stand-alone or network
configurations, NOTIFIER claims that this product meets virtually every
application requirements. The model is designed with modularity and for
ease of system planning, the NFS2-640 can be configured with just a few
devices for small building applications, or for a large campus application.
The model NFS2-640 is Listed to UL Standard 864, 9™ edition.

7111pho2jpg

NFS2-640
Figure 2.1: Typical FACP NFS2-640 Installed in the Recreation Center
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Figure 2.2: Typical Sample Connections of NFS2-640 FACP

A fire alarm annunciator panel is conveniently located in the reception area, behind the front desk
counter where selected devices status are displayed. In this location, maintenance people and first fire
respondents can assess signal conditions of the building fire alarm system and coordinate actions
accordingly.
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TYPES AND LOCATION OF INITIATING DEVICES
The initiating devices are located in several rooms and on each floor area.

Most of the initiating devices used in the Rec Center fire alarm system are from a single manufacturer .i.e.
Honeywell; this has many advantages as it ensures compatibility, easy integration of the system as whole;
hence makes maintenance planning easier as spares management is simplified and provided by one single
supplier.

The following devices are installed in the Rec Center building fire alarm system:

a) Smoke Detector:
NOTIFIER (by Honeywell): Low-Profile Intelligent Photoelectric Smoke Detector: FSP-851.
NOTIFIER 851 Series intelligent (addressable) plug-in smoke detectors with integral
communication and detector sensitivity can be programmed in the control panel software.
Sensitivity is continuously monitored and reported to the panel. Point ID capability allows each
detector’s address to be set with decade address
switches, providing exact detector location for
selective maintenance when chamber contamination
reaches an unacceptable level. The FSP-851
photoelectric detector’s unique optical sensing
‘ e ) chamber is engineered to sense smoke produced by a
K (-\ > wide range of combustion sources. FSP-851 detectors
S are compatible with all NOTIFIER intelligent Fire Alarm

FSP-851 with B710LP base Control Panels (FACP).

6dl" Loydye69

i

Figure 2.3: Typical Area Smoke Detector in Recreation Center Fire Alarm System

NOTIFIER model B710LP base is the typical addressable and clip flanged type mounting base used
for area smoke and heat detectors installed in the Recreation Center. To the exception of smoke
detectors installed inside of air duct, which use B501 type mounting base.

b) Duct-type Smoke Detector:

NOTIFIER (by HoneyWell): Intelligent Photoelectric Duct Smoke Detector: FSD-751PL

NOTIFIER FSD-751PL Intelligent (addressable) Photoelectric Smoke Duct Detectors provide low-
flow technology that enables duct smoke detection throughout a broad range of airflow
environments in HVAC applications. The low-flow technology can detect smoke at air speed
velocities of 100 feet per minute (0.5 m/sec) or greater, while continuing the same reliable
performance to 4,000 feet per minute (20.32 m/sec). The intelligent low-flow duct detectors
sample air currents passing through a duct and gives dependable performance for shutdown of
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c) Heat Detector:

FSD-751PL

fans, blowers, and air conditioning
systems, preventing the spread of toxic
smoke and fire gases through the
protected area. FSD-751PL s
compatible  with all  NOTIFIER
addressable panels.

Figure 2.4: Typical Duct Detector in
Recreation Center Fire Alarm System

NOTIFIER (by HoneyWell): Intelligent Heat Detector: FST-851.

NOTIFIER FST-851 Series intelligent plug-in heat detectors with integral communication provide
features that surpass conventional detectors. Detector sensitivity can be programmed in the
control panel software. Sensitivity is continuously monitored and reported to the panel. Point ID
capability allows each detector’s address to be set with decade address switches, providing exact
detector locations for selective maintenance when chamber contamination reaches an
unacceptable level. FST-851 Series thermal detectors use an innovative thermistor sensing circuit
to produce 135°F/57°C fixed-temperature (FST- 851). These thermal detectors provide cost

6936pho1.jpg

FST-851 Series in B710LP base

effective, intelligent property protection
in a variety of applications. FST-851
Series detectors are compatible with all
NOTIFIER Intelligent Fire Alarm Control
Panels (FACPs).

Figure 2.5: Typical Heat Detector in
Recreation Center Fire Alarm System

Culminating Project Report — AM

Spring-2014

28



d) Manual Fire Alarm Box:

NOTIFIER (by HoneyWell) Intelligent Manual Pull Station: NBG-12LX

NOTIFIER model NBG-12LX is a state-of-the-art, dual-action (i.e., requires two motions to activate)
pull station that includes an addressable interface for
most NOTIFIER intelligent control series panels.
Because the NBG-12LX is addressable, the control

panel can display the exact location of the activated

lPF:JlﬁHDOmN manual station. This leads fire personnel quickly to the
: location of the alarm.

(‘J NOTIFIER

epascovt P9

Figure 2.6: Typical Manual Fire Alarm Box in
The NBG-12LX Recreation Center Fire Alarm System

e) Wet-pipe Fire Sprinkler Heads:
The entire Center is fully covered by a water-based fire suppression system. The sprinkler heads
are thermal elements that are activated by heat. When a sprinkler head is activated, water flows
through broken thermal glass; and hence a flow switch installed in the sprinkler riser manifold
connected to the building FACP initiates an alarm signal.
Water-based fire suppression system installed in the Rec Center is discussed in chapter 3.

f) Supervisory Signal Initiating Devices
I.  Gate valve OSY monitoring switch: SYSTEM SENSOR, model OSY2, is equipped with
tamper resistant cover screws to prevent unauthorized entry. Inside, two sets of SPDT
(Single pole, double throw- a simple type of changeover
electrical switch) synchronized switches are enclosed in a
durable terminal block to assure reliable performance. There is
also a 100 percent synchronization with the installed fire alarm
control panel.

Figure 2.11: Typical Gate Valve OSY2 Tamper Switch for
Recreation Center Fire Alarm
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1. Flow Switch and Tamper Switch: POTTER, model VSC.

The exclusive and dedicated flow switch designed for
the riser manifolds has been tested and Listed for use
in this specific configuration by UL and FM. The riser
manifold connects the sprinkler valve to the rest of
wet piping system. The flow switch and tamper switch
in a single assembly provides the necessary signals
(alarm, supervisory and trouble). The model VSC is
suitable for indoor or outdoor use with factory
installed gasket and die-cast housing:

e NEMA 4/IP55 rated enclosure - use with appropriate
conduit fitting.

e Temperature range: 40°F to 120°F (4.5°C to 49°C)

Figure 2.12: Typical Sprinkler Riser Manifold

The following table summarizes the type and location of signaling devices in the Rec Center building:

EEY PLAN MO SCALF \

Figure 2.13: Rec Center Key Plan — Zone Details (E is Highlighted)

The table below shall be read with reference to floor maps in Appendix A

Table 2.1: Initiating Devices installed in the Recreation Center

Device Type Numbers of devices
First Floor ZoneA ZoneB ZoneC ZoneD ZonekE
Area smoke detectors 0 6 15 1 6
Duct-type air smoke detectors 0 0 1 0 1
Heat detectors 0 1 2 0 0
Manual fire alarm box (manual pull station) 6 3 4 4 1
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Device Type Numbers of devices

Flow switches and Tamper switches 0 2and2 O 0 land1
Second Floor ZoneA ZoneB ZoneC

Area smoke detectors 4 6 7

Duct-type air smoke detectors 0 0 0

Heat detectors 0 0 0

Manual fire alarm box (manual pull station) 1 2 1

Flow switches and Tamper switches 0 0 0

Roof Common Zone

Duct-type air smoke detectors 8

Manual fire alarm box (manual pull station) 4

LOCATION, SPACING AND PLACEMENT OF FIRE DETECTORS

The general requirements stipulated in NFPA72, chap 17 will be used in this section to study compliance
of fire detectors installed in the Rec Center. We have recognized that the building fire alarm system was
designed in accordance with NFPA 72-2007 edition, however for our analysis we are going to use NFPA
72-2010 as tasked.

NFPA 17.4.5 stipulates that initiating devices shall be installed in all areas, compartments, or locations
where required by other governing laws, codes, or standards. NFPA 72, chapter 17 answers the
guestions relative to how many devices are required and how they should be installed.

In the absence of performance objectives of the fire alarm system installed; we can assume however that
the system design followed at least the code prescriptive requirements. This assumption enables us to
assess the location, spacing and placement of the signaling devices based purely on the prescriptive
requirements under applicable sections of NFPA72, chapter 17.

We will assess location, spacing and placement of each installed initiating device in the following order:

e Area smoke detectors;

e Duct-type smoke detectors;

e Heat detectors;

e Manual fire alarm boxes (manual pull station); and
e Devices used for supervisory signals.

The technical specifications of typical initiating devices installed in the Rec Center are summarized below:

a) Smoke detector:
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Spot-type, addressable. Photoelectric detector, UL and FM approved for nominal spacing of 30 ft
(7.14 m) for ceiling height up to 10 ft (3.148 m) and higher.
There are installed either ceiling mounted or inside of return air ducts:
i Ceiling mounting
NFPA 72, 2010 edition, §17.7.3.2.1: 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.

ii. Inside of return air ducts

NFPA 72, 2010 edition, §17.7.5.4.2.2: Unless otherwise modified by 17.7.5.4.2.2(A) or
17.7.5.4.2.2(B), if the detection of smoke in the return air system is required by other
NFPA standards, a detector(s) listed for the air velocity present shall be located where
the air leaves each smoke compartment, or in the duct system before the air enters the
return air system common to more than one smoke compartment.

A.17.7.5.4.2.2: Detectors listed for the air velocity present can be permitted to be
installed at the opening where the return air enters the common return air system. The
detectors should be installed up to 12 in. (300 mm) in front of or behind the opening and
spaced according to the following opening dimensions [see Figure A.17.7.5.4.2.2(a)
through Figure A.17.7.5.4.2.2(c)]:

b) Duct-type smoke detector:
Duct-type smoke detector. Spot-type, photoelectric and addressable. Can operate in duct air

velocity: 0.5 to 20.32 m/s and under temperature 32 to 135 °C.

NFPA 72, 2010 edition, §17.7.5.5.2 (2): Air duct detectors shall be installed in such a way as to
obtain a representative sample of the airstream. This installation shall be permitted to be
achieved by rigid mounting to the wall of the duct with the sensing element protruding into the

duct.

A.17.7.5.5.2: Where duct detectors are used to initiate the operation of smoke dampers, they
should be located so that the detector is between the last inlet or outlet upstream of the
damper and the first inlet or outlet downstream of the damper.

The assessment of location, spacing and placement of area smoke detectors were based on the available
fire alarm system drawings and site walk downs. The following observations were made.

Refer to Appendix C for detector layout floor plan details.

Table 2.2: Smoke Detectors installed in the Recreation Center

Location Placement and Spacing

First Floor

Zone A

No area or air duct smoke detectors. This is deemed adequate as area has got manual pull stations
and emergency telephones at each exit door.
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Location

Placement and Spacing

Zone B

Elevator 2 lobby room 130:
L1D016

Located on flat smooth ceiling just above elevator door; placement
deemed compliant.

Elevator 2 machine room:
L1D017

Located on flat smooth ceiling, spacing compliant as per room size

Intramurals office room 134:
L1D019

In-duct smoke detector; placement deemed compliant

Electrical room 136: L1D020
and L1D023

One area smoke detector on ceiling(D020), one in-duct detector;
placement deemed compliant as per room size

Work room: DSD022

In-duct smoke detector, placement deemed compliant

Zone C

Electric room 113: L1D001

Located on flat smooth ceiling, spacing compliant as per room size

Elevator 1 machine room 115:
L1D002

Located on level ceiling with beam height greater than 10 percent of
ceiling height. §17.7.3.2.4.2.2(b) applied, compliant to the code

Elevator 1 lobby room 111:
L1D004

Located on smooth ceiling just above elevator 1 door; placement
deemed compliant

Telecom room 114: L1DO00S5,
L1D006, L1D007 & L1D008

In-duct smoke detectors, placement deemed compliant

Control room110C: L1D010

Located on flat smooth ceiling, spacing compliant as per room size

Men’s locker room 117:
L1D011,L1D012 & L1D0O13

In-duct smoke detectors, placement deemed compliant

Building power supply room
190: L1D014

Above the fire alarm control panel, mounted on flat smooth ceiling,
spacing compliant as per room size

Mechanical room 191: L1D025
and L1D102

One air handling unit smoke detector (D025) and the other area
smoke detector located on flat smooth ceiling, placement of smoke
detector adequate as per room size

1t floor storage room 111:
L1D103 and L1D104

Room served by zones (C and E), each zone has two area air smoke
detectors. Detectors spacing adequate, extra detectors required

Zone D

Electrical room 172: L1D021

Located on flat smooth ceiling, spacing complaint as per room size

Zone E
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Location

Placement and Spacing

1%t floor storage room 111:
L1D105 and L1D106

Room served by zones (C and E), each zone has two area air smoke
detectors. Detectors spacing adequate, extra detectors required

Equipment room 187: L1D107

Mounted on flat smooth ceiling, placement adequate as per room
size

Corridor C102: L1D108

Mounted on flat smooth ceiling, placement inadequate; detector to
be relocated toward the middle of the corridor

Wrestling room (electrical
compartment) 100C and
100D: L1D110, L1D109 and
L1D114

Area smoke detectors on flat smooth ceiling (D109 and D110) and
one air handling unit smoke detector; placement deemed compliant

Main gym room 100: L1D113

Air handling unit smoke detector; placement deemed compliant

Second Floor

Zone A

Telecom and data room 210:
L1D136, L1D137, L1D138,
L1D139 and L1D140

In-duct smoke detectors; placement deemed compliant

Zone B

Telecom room 226: L1D044
and L1D045

In-duct detectors, placement deemed compliant

Electrical room 227: L1D046,
L1D047 and L1D048

One area smoke detector on flat smooth ceiling (D046) and two in-
duct air smoke detectors; spacing deemed adequate as per room
size

Stretching area 224A: L1D159

Area smoke detector on flat smooth ceiling above elevator door

Zone C

Women’s restroom room 206:

L1D031

In-duct air smoke detector, spacing deemed adequate as per room
size

Electrical room 208: L1D032

Smoke detector located on flat smooth ceiling, spacing adequate as
per room size

Elevator 1 lobby areas:
L1D033 and L1D034

Smoke detectors on flat smooth ceiling in passage areas above both
East and West elevator doors. Placement adequate

Storage room 213A: L1D041

In-duct air smoke detector, placement deemed compliant

Jogging track 2: L1D042

In-duct air smoke detector, placement deemed compliant
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Location

Placement and Spacing

Zone E

No area or air duct smoke detectors. This is deemed adequate as the gymnasium has manual pull
stations and emergency telephones at each exit door.

Roof

Roof electrical room: L1D158

Area smoke detector on flat smooth ceiling, spacing adequate as per
room size

Air Handling Unit 1: L1D117

Duct-type smoke detector, placement deemed adequate

Air Handling Unit 2: L1D118

Duct-type smoke detector, placement deemed adequate

Air Handling Unit 3: L1D119

Duct-type smoke detector, placement deemed adequate

Air Handling Unit 4: L1D120

Duct-type smoke detector, placement deemed adequate

Air Handling Unit 5: L1D121

Duct-type smoke detector, placement deemed adequate

Air Handling Unit 6: L1D122

Duct-type smoke detector, placement deemed adequate

Air Handling Unit 7: L1D123

Duct-type smoke detector, placement deemed adequate

Air Handling Unit 8: L1D124

Duct-type smoke detector, placement deemed adequate

Air Handling Unit 9: L1D125

Duct-type smoke detector, placement deemed adequate

Air Handling Unit 10: L1D126

Duct-type smoke detector, placement deemed adequate

c) Heat detectors (Spot type detectors)
Spot-type, addressable. Fixed-temperature set point of 135 °F (57 °C). UL approved for 50 feet
(15.24 m) center to center and FM approved for 25 feet (7.62 x 7.62 m) spacing.

NFPA72, 2010 edition, §17.6.3.1.1: One of the following requirements shall apply:

(1) The distance between detectors shall not exceed their listed spacing, and there shall be
detectors within a distance of one-half the listed spacing, measured at right angles from all walls
or partitions extending upward to within the top 15 percent of the ceiling height.

(2) All points on the ceiling shall have a detector within a distance equal to or less than 0.7 times
the listed spacing (0.7 S).

The spacing and location were assessed in accordance with the code NFPA72 requirements; the following

observations were made:
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Table 2.3: Heat Detectors installed in the Recreation Center

Location Placement and Spacing

Elevator 1 machine room: Located on level ceiling with beam height more than 100 mm below
L1D003 and L1D024 ceiling. When §17.6.3.3.1.2 applied, spacing is compliant to the code
Elevator 2 machine room: Located on level ceiling with beam height more than 100 mm below
L1D018 ceiling. When §17.6.3.3.1.2 applied, spacing is compliant to the code

d) Manual fire alarm box

Manual pull station. Addressable, suitable for indoors in dry location, ambient temperature range
32 to 120 °F (0 to 49 °C). Pushing in and pulling down on the handle for activation. UL and FM

approved.

NFPA72, 2010 edition, §17.14.5: Manual fire alarm boxes shall be installed so that they are
conspicuous, unobstructed, and accessible. NFPA 72, 2010 edition, §17.14.6: Manual fire alarm
boxes shall be located within 60 in. (1.52 m) of the exit doorway opening at each exit on each

floor.

It was observed that placement and location of manual fire alarm boxes (manual pull stations)
were compliant to code requirements:

Table 2.4: Manual Fire Alarm Boxes (Manual pull stations) installed in the Recreation Center

Location

Placement

Zone A

Vestibule area 106: L1IM001 and L1M098

Located next to West and East exit doors

Wellness reception area 108: L1M002

Located next to East exit door

Training room 109: L1MO03

Located next to East exit door

Pre-function room 101: L1IM04

Located next to East exit door

Main Gym room 100: L1MQ097

Located next to East exit door

Zone B

Lobby room 110: L1MO06 and L1MO07

Located next to both North exit doors

Circulation (lobby south) area 130: LIMO08

Located next to South exit door
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Location

Placement

Zone C

Hallway area 123: L1MO09

Located next to South exit door

Men’s vestibule room 117A: L1IMO010

Located next to South exit door

Women'’s vestibule room 118A: L1M011

Located next to South exit door

Passageway area 102: L1M012

Located next to South exit door

Zone D

Circulation area 156B: L1M013

Located next to exit West door

MAC room 170: L1M014 and L1IMO015

Located next to both South exit doors

MAC lobby area 170D: L1M016

Located next to exit South door

Zone E

Event storage room 185: L1IMOQO5

Located next to North exit door

Pool pump room 180: L1IM017 and L1IM018

Located next to both West and East exit doors

Pool equipment room 184: L1MO019

Located next to East exit door

Main Gym room 100: L1M096

Located next to West exit door

Zone A

North stairwell: L1IM041

Located at exit door connecting to vestibule 106

Zone B

Passage stair 201: L1MO042

Located next to stairs leading to first floor

Cardio fittingness 2 room 224: L1M023

Located next to stairs leading to first floor

Zone C

Passage 202: L1IM102

Located next South exit door

Zone E

North Gym 200B: L1M160

Roof West: L1M131

Located next to West exit door

Located next to stairs
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Location

Placement

Roof East: L1IM132

Located next to stairs

Roof North-East: LIM133

Located next to AHU 3

Roof South: L1M134

Located next AHU 2

e) Automatic sprinkler system:

The entire building is protected by an automatic sprinkler system. The sprinkler heads installed

are all VIKING with the following head designs:
e Concealed fire sprinkler heads used in suspended metal ceiling

e Upright fire sprinkler heads used in exposed areas with no suspended ceiling like in

gymnasium rooms

e Pendant fire sprinkler heads used in suspended ceiling where surface mount ceiling

obstruction exists

e Recessed fire sprinkler heads used in suspended ceiling where no surface mount

obstruction exists.

f)  Sprinkler flow switch alarm initiating devices:

Flow switch model: POTTER model VSC are designed, tested and UL Listed and FM approved for
alarm initiating devices.

Table 2.5: Sprinkler Flow Switches installed in the Recreation Center

Location

Placement

East sprinkler connection:
L1MO023 and L1M026

West sprinkler valve
connection: L1M028

Each connected to 2” wet-pipe riser manifolds; code compliant

Connected to 2” wet-pipe riser manifold, code compliant

g) Sprinkler control valve supervisory and trouble signal-initiating devices:

- Sprinkler control valve Outside Screw and York (OSY) tamper switch: SYSTEM SENSOR OSY2

model; reliable performance and UL Listed and FM approved.

- Riser manifold flow switch POTTER, model VSC is equipped with tamper switch cover, UL

Listed and FM approved for the application.

Culminating Project Report — AM

Spring-2014




Table 2.6: Sprinkler Control Valve Supervisory and Trouble Signal-Initiating Devices

Location Placement

Main fire water connection: Tamper switch connected to main water supply gate valves; code
L1MO095 compliant

East sprinkler valve Tamper switch covers of flow switches L1M023 and L1M026
connection: L1IM024 and respectively; code compliant

L1MO027

West sprinkler valve Tamper switch encased in flow switch L1M028; code compliant

connection: L1IM029

ALARM AND NOTIFICATION APPLIANCES

It is a code requirement that actuation of notification appliances, emergency voice communications, fire
safety functions, and annunciation at the protected premises shall occur within 10 seconds after the
activation of an initiating device. NFPA 72-2010, §23.8.1.1.

The Rec Center fire alarm system is equipped with notification appliances in order to provide audible,
visual and voice stimuli for initiating emergency actions and to provide information to staffs, users and to
emergency response personnel from fire department or dispatch from the supervising station.

A. Types of Signaling Notification Appliances
The following notification appliances are installed in the Recreation Center fire alarm system:

1. Speaker-Strobes (Audible/visible devices)

SYSTEM SENSOR (SpectrAlert Advance) SPSCW model; a combination speaker strobe listed to UL
and approved for fire protection notification systems.
These speakers have field selectable sound output power
taps which are selected by rotary switches. The Center fire
alarm system uses typically two sound outputs settings 1W
and % W with 82 and 79 dB @10 ft SPL respectively. The
strobe light consists of a xenon flash tube and associated
lens/reflector system of standard candela range (15 cd to
115 cd).

There can be wall or ceiling mounted; indoors or outdoors
with appropriate weather-resistant back box.

Figure 2.13: Typical speaker strobe installed in the Recreation Center

2. Horn / Strobes
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SYSTEM SENSOR (SpectrAlert Advance) model. Three different models are used in the Center fire
alarm installation depending whether they are wall or ceiling
mounted, of red or white colors.

These models comply with the American with Disabilities Act
requirements for visible signaling appliances, flashing at 1 Hz over
the strobe operating voltage range. They have 11 field selectable
candela settings. The strobe consists of a xenon flash tune and
associated lens/reflector system. The horn has three audibility
options and an option to switch between a temporal and a non-
temporal (continuous) pattern. Options are set by a multiple
position switch. The horn is rated at 88+ dBA at 16 Volts.

Figure 2.14: Typical Horn/Strobe installed in the Recreation Center
B. Location of Signaling Notification Appliances

To convey reliably the intended alarm information to the intended personnel and users of the
facility during emergency; the notification appliances installed shall meet requirements of
sections 18.4 and 18.5 of NFPA 72.

Audible appliances location shall meet NFPA 72-2010, §18.4.8.1: 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. (2.29m) and below the
finished ceilings at distances of not less than 6 in. (150 mm).

Visible appliances location shall meet NFPA 72-2010, §18.5.4.1: 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 or at the mounting height specified using the performance-based
alternative of 18.5.4.5.

Recreation Center device mounting elevation details are shown in the figure below, which clearly
indicate that NFPA 72 audible and visible requirements were met.
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Figure 2.15: Device Mounting Elevation Details in the Recreation Center

C. Spacing and Placement of Notification Appliances

Refer to Appendix C for details of notification appliances installed in the Rec Center.
1) Audible Signaling:
The Rec Center can be classified as places of assembly in accordance with NFPA 72-2010,

Table A.18.4.3.

Table 2.7: Extract from NFPA 72-2010, Table A.18.4.3 Average Ambient Sound Level

TABLE A 18.4.3 Average Ambient Sound Level According

to Localion

Average Ambient
Location Sonnd Level (dBA)
Business occupancies 35
Educational cccupancies 45
Industrial occcupancies B0
Institutional occupancies 50
Mercantile cccupancics 40
Mechanical rooms B3
Fiers and water-surrounded structures 40
| Places of assembly 35 |
Hesidental occupancies 35
Storage occupancics 30
Thoroughfares, high-density urban 70
Thoroughfares, medivm-density urban 55
Thoroughfares, roral and suburban 40
Tower occupancics 35
Underground structures and 40
windowless buildings
Vehicles and vessels 50
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Audible appliances shall be at least 15 dBA above average ambient sound level. A typical
speaker installed in the Center is of minimum sound output (¥ W) and 79 dBA. This is
greater than the recommended minimum value for the application: 55 + 15 = 70 dBA. Any
horn/strobe installed is rated at 88 dBA, which indicates the minimum sound level
requirement is met in the entire building.

Using the rule of thumb of 6 dBA method .i.e. in any open room, where sound does not
reflect off surfaces, SPL decreases by about 6 dB every time the distance from the source
is doubled.

The gymnasium is used in our analysis to illustrate compliance of notification appliance
spacing and placement. The gymnasium room 120 is equipped with 7 audible-strobe
(speaker/strobe) combination appliances wall mounted of 82 dBA. So as shown in figure
2.16 below; the room is adequately covered.

Each square represents a coverage of 110 cd audible/strobe.

Each square is covered by an audible/strobe of 110 cd
and 88 dBA sound level horn output

Figure 2.16: Typical Center Gymnasium Audible/Visible Appliances Coverage
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2) Visible signaling:
Spacing shall be in accordance with either Table 18.5.4.3.1(a) for wall-mounted visible
appliances or Table 18.5.4.3.1(b) for ceiling-mounted visible appliances.

Table 2.8: Typical Spacing Requirements for Visible Appliances, NFPA 72-2010

TABLE 18.5.5.4.1(a) Room Spacing for Wall-Mounted
Visible Appliances

Minimum Required Light Output
Maximum Roeom Size [Effective Intensity (cd)]
One Light Four Lights per Room
ft m per Room  (One Light per Wall)
20«20 6.10x6.10 15 NA
28x 28 B53Ix8.53 30 NA
30x30 9.14x9.14 34 NA
40x 40 122x 122 6l 15
45x 45 137 x 137 75 19
50x50 152x152 94 30
54=54 165x16.5 110 30
55x55 168x168 115 30
B0x 60 183 x 183 135 30
63x63 192x19.2 150 37
68 = 68 20.7 x 20.7 177 43
TOxT0  21.3x21.3 184 60
B0x 80 244x244 240 60
| 90x90 274x274 304 95 |
100 = 100 30.5= 305 375 95
[10x 110 33.5x 335 455 135
120 % 120 36.6 x 36.6 540 135
130 % 130 39.6x39.6 (35 185

MNA: Mot allowable.

The strobes installed in the Center gymnasium are 110 cd, however 95 cd would have been adequate.
The coverage as illustrated in figure 2.16 indicates that the spacing of those strobes is code compliant.

D. Voltage Drop Calculations

Due to the size of the facility and number of initiating devices and notification appliances; the building
fire alarm system is equipped with remote power supplies in each floor and covering specific areas
power needs.

The gymnasium is used for voltage drop calculations as it contains the highest number of strobes of high
effective intensity; eight speaker-strobes of 110 cd are connected on this Notification Appliance Circuit
powered from RPS located in Electrical room 136.

Vicaa = Vierm — (IloadRcond)
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cond —

— (Vterm - Vload)
R /I load
Where:

-Vioad = 16 volt min operating voltage of typical appliance
-Viem = 20.4 volt min operating voltage of control unit
-load = rated current draw of all connected appliances
-Reond = total conductor resistance in ohms

Table 2.9: Extract from Typical SYSTEM SENSOR Speaker-Strobe Average Current Ratings

UL Current Draw Data
|
8-17.5Yolts 16~33 Wolts
Candela DC FWR DC FWR
Standard 15® 13 128 2] il
Candela Range 15/75% 142 148 77 B
kI MA NA 04 0&
Tae P M 158 153
o5 MA NA 181 176
110 [ M 20 195
115 MA NA 210 05
High 135 A MA 22 nF
CandelaRange 59 MNA NA 246 220
177 MA MA 2B1 251
185 P MA 2 5B

Total lipag = 8 x 0.202 = 1.616 A; therefore
R — (Vterm - Vload)/I

cond —

_ (204 —-16) _
load /1.616 = 2.72 ohms

The last strobe on this circuit is approximately 135 meters from the remote power supply (in
electrical room 136), hence total wire length would be 135 x 2= 270 meters. The resistance of

conductor per km would be:

2.72 x 1000
RCOTld = ( )/270 = 10.07 Oth/Km

Therefore the required wire gauge size would be selected from Table 8 of NEC (NFPA 70):
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Table 2.10: Extract from NEC-Table 8: Conductor Properties

TABLE 8 Conductor Properties

Conductors Direct-Current Resistance al 75°C (167°F)
Stranding Overall Copper
II‘IP:‘: Area Diameter Dimmeeter Area Uncoated Coated Aluminum
or Circular ohm ohm/ ohm/  ohm/ ohm/ ohm/
kemily mm® mils (Quantity mm  in mm i mm*  in? km kFT km kFT km kFT
18 0823 1620 1 — — Loz 040 0823 0001 255 177 265 B.08 420 128
18 0823 1620 7 039 0015 116 046 liGa 0002 261 195 177 BAS 428 13.1
16 131 2580 1 — — 1.7 0051 131 0002 160 489 167 5.08 4 B.O5
14 131 2580 7 049 0019 146 0058 168 0003 164 4.949 173 529 269 8.21
14 208 4110 1 — — 163 0064 208 0003 10U 307 10.4 ER LY 6.6 5.06
14 208 4110 7 062 0024 185 0073 268 0004 103 il4 10.7 326 16.9 5.17
12 i3l 6530 1 — — 205 008l 331 0005 634 193 657 2101 10.45 ERE]
12 i3l 6530 7 078 0030 232 0092 435 0006 650 1.98 673 205 10,69 315
10 5261 10380 1 — — 2588 0.102 526 0008 3984 121 4148 124 6561 2,00
5261 10380 7 098 0038 295 O.lla 676 0011 4070 124 4226 1.29 HATD 2

1]

]

From the Table 2.10; conductor 12 AWG size would be the appropriate minimum allowable size
conductor to be used for this application.
If coated copper is used, resistance would be 6.57 ohms/Km; actual voltage drop would then be

Varop = 1616 x 657X 270)/ ' 287V
The actual last speaker-strobe voltage would be
Vioad = Vierm — Varop = 20.4 —2.87 = 17.53 V,
higher than minimum requirement of 16V

This indicates that there is enough spare capacity on this NAC.

NOTIFICATION APPLIANCE POWER REQUIREMENTS
The provisions of NFPA72-2010, §10.5 shall apply to power supplies used for the Recreation Center.

The NFPA72-2010, §10.5.2 prescribes: “All power supplies shall be installed in conformity with
requirements of NFPA 70, National Electrical Code, for such equipment and with the requirements
indicated in this subsection”. And §10.5.3: Unless configured in compliance with 10.5.4, at least two
independent and reliable power supplies shall be provided, one primary and one secondary.

The Rec Center fire alarm and detection system is supplied with commercial power as primary supply.

The secondary power supply is provided by batteries dedicated to the building fire alarm and
communication systems. The secondary power supply is designed such to provide power automatically to
the building fire alarm system within 10 seconds whenever the primary power supply fails to provide the
minimum voltage required for proper operation.

The proper amount of battery standby capacity for the Rec Center was calculated to include the normal
standby supervisory quiescent load for 24 hours as well as the load during 15 minutes period of alarm.
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The secondary power supply to the Rec Center fire alarm system consists of 1x (one) power supply
dedicated to the main fire alarm control panel supplying the entire building and 5x(five) remote power
supplies for audio/visual notification appliances grouped as follows:

e 1 Remote Power Supply located in electrical room 113 to supply NAC zones A,C,E of first floor

e 1 Remote Power Supply located in electrical room 136 to supply NAC zones B of first floor

e 1 Remote Power Supply located in electrical room 172 to supply NAC zones D of first floor

e 1 Remote Power Supply located in electrical room 206 to supply NAC zones A,C and E of second
floor

e 1 Remote Power Supply located in electrical room 227 to supply NAC zones B of second floor

The secondary power to building Emergency Communication System is subdivided into two remote power
supplies as follows:

e 1 dedicated supply located in electrical room 113
e 1 dedicated supply located in electrical room 136

The Rec Center fire alarm system uses model FCPS-24S8 (8 amps) remote power supplies with battery
chargers for supervision and expanded power driving capability of Notification Appliance Circuits. This
model provides regulated and filtered 24 VDC power to NAC and also contains a battery charger capable
of charging up to 18 amp-hours batteries. The model is UL-listed, FM, CSFM approved for fire protection
system applications.

The following extracts illustrate the calculations performed to determine battery sizes:
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BATTERY SIZING CALCULATION

CAL POLY SLO - STUDENT RECREATION CENTER
MAN ARE ALARM CONTROL PANEL
Standby  Total Standby Alarm Total Alarm
Guantity Device Type Maodel Number Current Current Current Current
1 MF32—-G40 CPUZ—5640 '#,-’T'-"E-EL Q.52200 0..34300 0.£8200 028200
1 MF52-540 KOM—R2 010000 0.10000 D.1oo00 2.10000
1 Vaice WVC&DVE—KD 0.50000 0.30000 0.50000 0.30000
32 Contrel Relay FRM—1 0.000286 0.00816 0.00850 0.20800
11 Dust Det DMR w/ F5P—B51 0.00035 0.00396 0.00686 0.07546
2 Heat Det FET—851 0.00030 0.00080 0.00650 0.01300
3 Monitor Dlhind 0.00080 0.00180 0.03000 0.08000
4 Monitor FoOM—1 0.00075 0.00300 0.00640 0.02580
& Maonitor Fain—1 0.00035 0.00315 0.00500 0.04500
4 Pull Station FuM—101 w/Pull Sta 0.00038 0.00150 0.00038 0.00150
1% Pull Station NBG—12Lx 0.00038 0.00713 0.00688 013063
48 Smoke Det FSP—851 0.00030 0.01 380 0.00680 0.31280
4 Pull Staticn NEG—12L08 000000 0.00000 0.00000 0.00000
37 Spedeer 23V Spedket — 1,2 Watt Tap0.00000 0.00000 0.02000 0.74000
1 Digler UDaCT 0.04000 0.04000 0.10000 0.10000
7 Relay PR-1 (Shutdown) 0.00000 000000 0.01500 0.10500
23 Remole LED RA100Z 000000 0.00000 0.01000 023000
Standby Load Alarm Load
1.008 2.962
Standby Load: 1.008 Amps Alarm Load: 28962 Amps
Standby TirT'r_‘ZHUJr'_i Alarm Tirmae: Minutes
Tetal Standby Load: 2419 Amp*Hours Tetal Alarm Load: 0.74 Amp*Hours
Satteries Frovided:|  {2) BAT-12380] Avalabie Battery: 9040 AH.
Battery Size: 3B.00 AH. Load (Al M 1 STBY) 2493 A H.
De—Roted Size(B0%): 040 AH. Epare Capaclly 647 AH.
Figure 2.17: Battery Sizing for Fire Alarm Control Panel
BATTEEY SIFNG CALCULATION
CAL POLY SLO - STUDENT RECREATION CENTER
REMOTE POWER SUPPLY - RPSH » ELEC ROOM #136
Stondby  Total Standby Alarm Total Alarm
Guantity Device Type Model Humber Current Current Current Current
1 FCPS—2458 FCPS—-2458 0.06500 0.06500 0.714500 0.14500
1 5/% {Strobe OMLY) SPSW  ([15cd) 0.00000 0.00000 0.06800 0.08600
1545 {Strobe ONLY) SPSW  (75Scd) 0.00000 0.00000 0.15800 0.15800
10 5/5 (Strobe ONLY) SPSW (110cd) 0.00000 000000 0.20200 2.02000
5 Strobe SW {15ed) 000000 0.00000 0.06600 0.533000
1 Strobe SW o (75ed) 000000 2.00000 0.15800 0.15800
Standby Load Alarm Load
0.065 2.877
Standby Load: CLO0ED Amps Alarm Load: 2877 Amps
Standby Til'r'r::H-;J.Jrs Alarm Tirme: Mikutes
Total Standby Load: 1.56 Amp*Hours Tetal Alarm Load: 0.72 Amp*Hours
Batteries Frovided: (2} BAT-1270 Avalable Battery: 580 AH.
Battery Size: 7.00 AH. Loed (ALM + 8TEY) 228 AH.
De—Rated Size(BOR): 5.60 AH. Spare Capaclly a3 A H.

Figure 2.18: Battery Sizing for Remote Power Supply from Elec. Room 136 for Notification Appliances
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CAL POLY 8LO - STUDENT RECREATION CENTER
AEMOTE POWER SUPPLY - APS44 « 0L EC. ROOM #115
Standby  Total Standby Alarm Total Alarm
Quantity Device Type Model Number Current Current Current Current
1 FCPS-2458 FCP5-2458 0.06300 0.06500 0.14500 014500
£ 5/5 (Strobe ONLY) SFSW  (15cd) 0.00000 0.00000 006800 0.39600
3 575 (Strobe ONLY) SFSW  (30cd) 0.00000 0.00000 0.02400 0.28200
4 575 {Strobe ONLY) SFEW  (75cd) 0.00000 0.00000 0. 15800 0.63200
5 5/5 (F!trr:he -C'.'NL‘r':I SFSW |:‘I1lf'f-n.’l} 0.00000 0.00000 020200 1.01000
11 Strobe SCW  (15cd) 0.00000 0.00000 006600 0. 72600
3 Strobe SCW  (30cd) 0.00000 0.00000 0.08400 0.28200
13 Strobe w1 E-r:dj 000000 0.00000 D.06600 0.85800
? Strobe (WP) SCRE  (15cd) 000000 0.00000 D.0GE00 013200
Standby Lead Alarm Load
0.065 4,463
Standby Leoad: 0.085 Amps Alarm  Load: 4463 Amps
Standby Tirrean.Jrs Alarm Time: Minutes
Tatal Standby Load: 1.56 Amp*Hours Total Alarm Load: 1.12 Amp*Hours
Batteries Provided:|  (2) BAT-1270| Avalable Battery: 560 AH.
Battery Size: 700 AH. Load (ALM + STEY) 288 ~H.
De—Rated Size(BOE): 5.60 4.H. Spare Cupachy 282 AH,

Figure 2.19: Battery Sizing for Remote Power Supply from Elec. Room 115 for Notification Appliances

Standby  Total Standby Alarm Total Alarm
Guantity Device Type WModel Number Current Current Current Current
1 FCPS—2458 FoPs—2458 0.06500 0.06500 0.14500 0.14500
15/% (Strobe OMLY) SPSW  (15cd) 0.00000 0.00000 0.06800 0.06600
15/5 (Strobe OMLY) SPSW  (30cd) 0.00000 000000 0.09400 008400
15/5 (Strobe OMLY)} SPSW  (75cd) 0.00000 0.00000 0.15800 3.15800
4 5/% (Strobe ONLY) SPSW (110cd) 0.00000 0.00000 0.20200 1.81800
15/5 (WP Strobe) SPSWK  ({75cd) 0.00000 000000 015800 015800
5 Strobe SCW  (15ed) 0.00000 0.00000 0.06800 0.33000
1 Strobe SwW (15cd) 0.00000 0.00000 0.06600 0.06600
Standby Load Alarm Load
0,065 28355
Standby Lood: 0.065 Amps Alarm Load: 2835 Amps
Standby Time:[_____ 24| Hours alarm Time: Minutes
Total Standby Lead: 1.56 Amp*Hours Tetal Alarm Load: .71 Amp*Hours
Batteries Provided:[  (2) BAT-1270| Avalable Bettery: 860 AH.
Battery Size: 7.00 AH. Losd (ALM 1 STHY) 227 AH.
De—Roted Size(BOR): 560 AH. Epare Capaclly 353 A H.

Figure 2.20: Battery Sizing for Remote Power Supply from Elec. Room 172 for Notification Appliances
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CAl POLY S1L O - STUDENT AECREATION CTR
REMCTE FOWER BUPPLY - RPEE5 « ELEC ROOM #208
Standby  Tetal Standby Alarmm Tetal Alarm
Quarztity Device Type Madel Number Current Current Current Current
1 FOPS-2458 FOPS—2458 0.0E500 0.06500 D.14500 014500
2 5/% (Strobe OHLY) SPSW (15cd) 0.00000 0.00000 D.OGEDD 013200
Z 5/3 (Strobe ONLY) SFSW  (30cd) 000000 0.00000 D.02400 Q. 1BEDOO
7 5/% (Strobe OMLY) SPSW  (75cd) 000000 0.00000 0.15800 110600
4 5/5 (Strobe GNLY:I SPEW (11L’!-|:d]l 000000 0.00000 020200 0.80800
4 575 (WP Strobe) SPSWE  (75cd) 0.00000 0.00000 D15800 063200
4 Sirobe SCW  (15cd) 000000 0.00000 D.OGEDD 026400
5 Btrobe SW {15cd) 000000 0.00000 D.OGEDD 018800
1 Strobe W (30ed) 000000 0.00000 D.08400 0.089400
Standby Lead &larrm Load
0.065 3.567
Standbky Load: 0.065 Amps Alarm Load: 3.567 Amps
Stondby Tirr'E:H-:-Jr's Alarm Time: Minutes
Total Standby Lood: 1.526 Amp*Hours Total Alarm Load: 0.85 Amp*Hours
Batteries Provided:[ (2) BAT-270] Avalable Battery 580 AH.
Battery Size: 7.00 AH. Loed (ALM + STEY) 245 L H.
De—Roted Size(BOR): 5.60 AH. Bpeare Capecly 35 A H.

Figure 2.21: Battery Sizing for Remote Power Supply from Elec. Room 208 for Notification Appliances

Standby  Total Standby Alarrm Tetal Alarm
Quantity Device Type WModel Mumber Current Current Current Current
1 FCPS-2458 FOPS-2458 0.06500 0.06500 0.14500 0.14500
10 5/% (Strobe ONLY) SFSW (110cd) 0.00000 0.00000 0.20200 2.02000
1575 (WP Strobe) SFSWK  (75cd) 0.00000 0.00000 0.15800 2.15800
1 Strabe W {15cd) 0.00000 0.00000 006800 006600
Standby Load Alarm Load
0.065 2.589
Standby Load: .065 Amps Alarrm Load: 2,388 Amps
Standby TirT‘E'!HH-JFH Alarm Tirme: Minutes
Tetal Standby Load: 1.526 Amp*Hours Tofal Alarm Load: 0.60 Amp*Hours
Batteties Provided: Avalabls Battery: 660 AH.
Bottery Size: .00 AH. Load {ALM + STEY) 298 A H.
De—Roted Size(BOE): 5.60 AH. Spare Capaclly 344 AH.

Figure 2.22: Battery Sizing for Remote Power Supply from Elec. Room 227 for Notification Appliances

The following extracts will illustrate voltage drop calculations performed for the Recreation Center:
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WOLTAGE DROP CALCULATION

12/08/11

CAL POLY SLO - RECREATION CENTER
BYBTEM BENBCR RFS #1 & ELEC ROOM #136
DEVICE SIGHAL CIRCUIT SIGMAL CIRCUIT SIGNAL CIRCUIT SIGHAL CIRCUIT
CURR. Iw V2 va Va4 oryf
(ampPs) | oary | cuse arr | cuRR ot | CuRA, oY | cuRk TOTAL
Speaker/Srcbe (Btrobs ONLY)
SEEW (15ed) 0.066 [ 0.000 0.0EE 0,000 0.000] 1
SEEW  (75cd) 0.158 [ 0.000 0.158 0,000 0.000] 1
SESW (1100d) 0.202 &l 1.616 2 0,404 0,000 o000 0
girobe |
W (15cd) 0.066 | 0.000 5 0.330 0.000 o.000f 5
W (75cd) 0.158 | 0.000 1 0.158 0.000 0.000) 1
|
TOTAL CURREMT 08 CIRCLIT 1,615 AMPS 1.118 AMPS 0000 AMPS 0,000 AMPS
TOTAL WIRE LEMGTH 445 FT. 300 FT. o FT. 0 FT.
WIRE SIZE 12 AWG 12 AWG 12 AWG 12 AWG
CIRCULAR MILS G530 CIRC MILS G530 CIRC MILS £530 CIRC MILS G530 CIRG MILS
VOLTACE DROP 2,38 VOLTS 1,11 VOLTS 0,00 VLTS 0,00 YOLTS
VOLTAGE @ END OF CIRCUIT 1802 voLTs B28 oL WOLTS WOLTS
CIRCUIT LOCATION 15T FLOOR 15T FLOOR SPARE SRARE
WOLTAGE DROF = TOTAL CURRENT = DISTANCE = 316
CIRC, MILS CIRCULAR MILS
18 ANG = 1620
16 AWG = 2580 VOLTAGE @ EMD = STARTING CIRCUIT VOLTAGE — VOLTAGE DRO®
14 AWE = 47110 aF ClRCur
12 NG = B530
LISTED CIRCUIT WOLTAGE = 24
STAATING CIRCUT WOLTAGE = 204 {85 LISTED WOLTAGE)
OPERATING 'HI'OLT.‘-.E-E BANGE FOR 247 MNOTIFICATION APPLIAMCES TO BE 1&v—23y

File Bame: Cal Poly SLO Rec. Cerbar_2010035[Cal Pely SL0_Rec Ch_®PS §1_VOxavD FORM

Figure 2.23: Voltage Drop Calculations for NAC supplied from Elec. Room 136

Culminating Project Report — AM Spring-2014



WOLTAGE DROP CALCULATION

12,/08/11

CAL POLY SLO - RECREATION CTR
SYSTEM SENSOR REMOTE POWER SUPPLY — RPS#2 @ ELEC ROOM §172
DEVICE SIGMAL CIRCUIT SIGMAL CIRCUT SIGKAL CIRCUT SIGNAL CIRCUT
CURRE. |vs L i VB oTY
(AMFS) ary | CURR. arr | CURR. oTY | CURR. o | CURR. TOTAL
ﬂ“ﬂmﬁu EHiﬂl
SPSW (1 5cd) 0,068 0,000 (L.0GE 0,000 [ | 1
SPEW  (30cd) 0.094 1 0.024 0.000 0,000 o.000) 1
SPSW (75ed) 0.158 1 0.158 0.000 0.000 0.000) 1
SESW (1100d) 0.202 3 01,608 E 1,212 0,000 0.0000 g
WP Sirobe OWLY) l
SPEWK  (75ed) 0.158 1| 0.158] | a.000] | o.000] | 0.00 1
Btrobe
SCW [15cd) 0.088 Fl 0.137 3 0.1%A 0.000 0.0004 5
W (15ad) 0,066 [ 0,000 01,066 0,000 I R
|
TOTAL CURREMT OM CIRCUT 1148 AMFS 1542 AMPS 0000 AuRS 0,000 AMPS
TOTAL WIRE LEMGTH 400 FT. 480 FT. O FT. O FT.
WIRE SIZE 12 WG 12 AWG 12 AWG 12 AWG
CIRCULAR MILS 6530 CIRC MILS B530 CIAC MILS £530 CIRC MILS 6530 CIRC MILS
WOLTAGE DROF 182 WOLTS 250 YOLTS 0.00 VOLTS [L.00 VOLTS
WOLTAGE @ END OF CIRCUIT BB voLTs 730 voLts WVOLTS VOLTS
CIRCUIT LOCATION 15T FLODR 15T FLOGR SPARE S[ARE
VOLTAGE DROP = TOTAL CURRENT x DISTANCE x 1.6
CIRC. MILS CIRCULAR MILS
TH AWE = 1E20
16 AWG = 2580 VOLTAGE @ END = STARTING CIRCUIT VOLTAGE — VOLTAGE DRO®
14 ARG = 4110 OF CIRCUT
12 AWG = B530
LISTED CIRCUIT WOLTAGE = Zav
STARTING CIRCUIT VOLTAGE = 204V (BSX LISTED VOLTAGE)
OPERATING WOLTAGE RANGE FOR 24 NOTIICATION APFLIANCES TO BE_16v—33v

Fils Mams MCal Poly SL0 Bes, Cerbar_2010005[0nl Poly 0_Rec Ch_R0% @2 eV FORE

Figure 2.24: Voltage Drop Calculations for NAC supplied from Elec. Room 172

Culminating Project Report — AM

Spring-2014

51



VOLTAGE DROP CALCULATION

12,/06/11

CAL POLY SLO - RECREATION CTR
EYSTEM SENSOR REMOTE POWER SUPPLY— RPS#4 @ ELEC ROOM #1715
DEVICE SIGMAL CIRCUIT SIGNAL CIRCUT SIGRAL CIRCUIT SIGHAL CIRCUIT
CURKE. (v L] VIS b LTy
(AMFS) ary | cumr arr | curm oY | Curm. gv | CcuRR TOTAL
| Bposker/Sirobs (Biroba ONLY)
SPSW  (15cd) 0.06E 1 0.068 2 0132 0,000 3 FREE | 6
SPEW  (BDed) 0,084 0,000 0,044 2 0,188 C.GCCI L
SPEW ([ Thed) 0158 2 0.316 0158 0,000 1 0.1% 4
SPSW {110:d) 0202 2 D.404 D0.202 1 0.202 1 0.202 5
Btrobe |
SCW [15cd) 0066 i 0.132 0,066 3 0,158 5 ﬂ--J-EQr 11
SCW  [30sd) 0,054 0,000 0,000 2 0,188 1 0004 3
SW  {15cd) 0.06E 3 0108 7 D462 2 013z 1 0.08 13
Btroba (WF) |
SCRK  (15ed) 0068 0004 0,000 Z 0,132 .00 2
TOTAL CURREMT QM CIRCUIT 1.118 AMPS 1.114 AMPS 1040 AMPS 1,048 AMPS
TOTAL WIRE LEWSTH 300 FT. 350 FT. 575 FT. BT FT
WIRE SIZE 17 AWE 12 AWG 12 AWG 17 AWG
CIRCULAR MILS BS30 CIRC MILS BS30 CIRC MILS E530 CIRC MILS 6530 CIRC WLS
VOLTAGE DROP 1.11 VOLTS 1.29 VOLTS 1.9 VOLTS 3,05 VOLTS
VOLTAGE & END OF CIRCUT B29 voLTs B vouTs BA2 voLrs 735 vours
CIRCUIT LOCATION 15T FLOOR 15T FLOOR 15T FLOGR 15T FLOOR
VOLTAGE DROP = TOTAL CURRENT « DISTANCE x 21.6
CIRC. MILS CIRCULAR MILS
TH AWG = 1620
16 AWC = 2580 WOLTAGE & END = STARTING CIRCUIT WOLTASE — VOLTAGE DROF
14 AWG = 4110 OF CIRCUIT
12 AWG = B530
LISTED CIRCUIT VOLTAGE = 24
STARTING CIRCUIT VOLTAGE = 20.4%  (BSX LISTED VOLTAGE)
OPERATING VOLTAGE RANGE FOR 24y NOTIFIGATION APPUANCES TO BE 16W—_35

Fils Mame WCal Poly SLO Rec, Cepter_2010003[Cal Poly SL0_Rec Ch_fers §4_vDooevD Fomd

Figure 2.25: Voltage Drop Calculations for NAC supplied from Elec. Room 115

Culminating Project Report — AM Spring-2014

52



WOLTAGE DROP CALCULATION

12/07/11

CAL POLY BLO - RECREATION CTR
SYSTEM SENBOR REMOTE_POWER SUPPLY §#5 @ ELEC ROOM #208
DEVICE SIGNAL CIRCUIT SIGMAL CIRCUIT SIGHAL CIRCUIT SIGHAL CIRCUIT
CURR. |y hi) hid Va0 oY
(amPs) | oarv | cusm arr | CuRR, ot | CURA, arr | cuRk TOTAL
Spsaker/@rcte (Etrobe ONLY)
SPEW  [15ed) 0.066 0.000 0.000 2 0132 o.0o0f z
SESW  (30cd) 0.0894 1 0.084 0.084 0,000 o.0o0f 2
SREW  (75cd) 0,1 58 1 0.158 4 0,637 2 0,316] o000 7
SPSW_(110cd) 0.202 3 0608 i 0,302 0,000] c-.uc;_;l 4
psakar/Birche (WP Biroks ONLY)
SPSWK ([ 75cd) | o.158 | 0.000] | 0.000] [ 0.000] 4] 0837 4
Birobe
SCW [15cd) 0066 0,000 0,000 4 0284 C-.GKCI 4
SW {15¢d) 0066 1 0068 0,000 2 0132 L | 3
SW_ (30cd) 0.094 0.000 0.094 0,000 0.00 1
TOTAL CURRENT QM CIRCUM 0.824 AMPS 1.022 AMPS Q.84 AUDS 0,632 AMPS
TOTAL WIRE LENGTH 355 FT. 625 FT. 135 FT. 00 FT.
WIRE SIZE 12 AWG 12 AWG 12 NG 12 AWG
CIRCULAR MILS 6520 CIRC MWILS 530 CIRC MILS E530 CIRC MILS G530 CIRC MLS
VOLTAGE DROP 1,08 VOLTS .11 WOLTS 0.91 VOLTS 1,25 VOLTS
VOLTAGE @ END OF clRcull B3 voLTs W29 voLTs 1048 voLTs 86 oL
CIRCUIT LOCATION IMD FLOOR ZND_FLOOR ZND FLOOR ROOF
YOLTAGE OROFP = TOTAL CURREMT = DISTANCE = 21.8
CIRE. MILS CIRCULAR MILS
18 AWG = 1620
16 AWG = 2580 WOLTAGE @ EMD = STARTING CIRCUIT VOLTAGE — VOLTAGE DROP
14 ANG = 4110 aF CIRCUIT
12 AWG = B530
LISTED CIRCUIT WOLTAGE = 24
STARTING CIRCUIT VOLTAGE = 204V (85% LISTED VOLTAGE)
OPERSTING VOLTAGE RANGE FOR 24v NOTIFICATION APPLIANCES TO BE 16v—33v

File Mame MCal Pely 5L0 Fee. Corbar2010005[Col Foly S0 Aec ChRFS #5D0.xhVD PORW

Figure 2.26: Voltage drop calculation for NAC supplied from Elec. Room 208
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VOLTAGE DROP CALCULATION 120611

CAL POLY SLO - RECREATION CTR
SYSTEM SENSOR REMOTE POWER SUPPLY — RPS#3 @ ELEC ROOM #2237
DEVICE SIGMAL CIRCUIT SIGHAL CIRCUIT SIGRAL CIRCUIT SIGHAL CIRCUIT
CURR. |va e Lol iz oY
[AMFE) arr | cusm arr | curs, oY | Curs. g | CURR TOTAL
/Sirobe (Btroba ONLY)
SPSW_(110cd) [ o202 5] 1.010] 5] 1,010] [ ool [ cooof o
Sircbe ONLY) | I
SPEWK  (7Sed) 0.158 1 0.158] [ 0.000] [ 0.000] | l:-.l:l::_.l 1
Stroba
SW_ {15ed) 0068 i 0.068 0.000 0.000 0000 1
TOTAL CURRENT OM_CIRCUT 1254 AMFS 1.010 AMFS 0,000 AWR5 0,000 AMPS
TOTAL WIRE LENGTH 500 FT. 340 FT, o FT. 0 FT.
WIRE SIZE 17 AWG 17 4WG 12 ANG 17 AWG
CIRCULAR HMILS 6530 CIRC MILS BH30 CIRC MILS E530 CIRC MILS 6530 CIRC MLS
VOLTAGE DROF 2.04 WOLTS 104 WOLTS 000 WILTS 0,00 VOLTS
VOLTAGE @ END OF CIRCUIT B oL B2 voLTs VOLTS VOLTS
CIRCUM LOCATION M0 FLOOR IND FLOOR SPARE TPARE
VOLTAGE OROF = TOTAL CURRENT u DISTANCE « 21.6
CIRC. MILS CIRCULAR MILS
18 AWG = 1620
16 AWG = Z5A0 VOLTAGE @ END = STARTING CIRCUIT YOLTAGE — VOLTAGE DROP
14 ARG = 4110 aF CIRGUIT
17 AWG = B530
LISTED CIRCUT VOLTAGE = 24
STARTING CIRCUIT VOLTAGE = 2004V (85X LISTED WOLTAGE)
OPERATING WOLTAGE RANGE FOR_ 24y NOTIFICATICN AFFUANCES TO _EE 1 6V—33V

Fils Hame WCal Poly SLO Rec, Cerber_2010035[Cal Poly SL0_Rec Ch_RPS §3_ 00« FORW

Figure 2.27: Voltage Drop Calculation for NAC from Elec. Room 227

The above tables have shown that the system designs meet code requirements and in general all the
batteries are oversized as the safety margin used in the calculation is far beyond the 20% recommended
by the code; reference to NFPA 72-2010, §10.5.6(1).

The batteries used are BAT series sealed, lead-acid batteries provided by NOTIFIER. These batteries are
maintenance-free, sealed, overcharge protected, have long service life and easy handled with leak-proof
construction.

SYSTEM COMMISIONING, INSPECTION, TESTING AND MAINTENANCE

NFPA 72-2013, Chapter 7 provides minimum documentation requirements for new and existing systems.
The Rec Center was designed and installation completed in accordance with NFPA 72, 2010 edition;
therefore the documentation required would have been as prescribed in §10.18.2.3 of the 2010 edition.

Although we could not locate all the documentation cited in NFPA 72-2010, 10.18.2.3 related to the fire
alarm and communication system installed in the Rec Center; we are confident that authority having
jurisdiction and the owner would not have approved operation of the Center without all code required
documentation.

NFPA 72-2013, chapter 7, prescribes more detailed documentation compared to what was required in
previous editions of the code. For the Rec Center, the documentation would have been limited only to the
following:
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(1) An owner’s manual and manufacturer’s published instructions covering all system equipment
(2) Record drawings

(3) For software-based systems, record copy of the site-specific software

(4) A written sequence of operation

The system commissioning is known to be typically an owner-driven process (requirement); we do not
have any documentation records of integrated testing methods or procedures performed for the
commissioning of the fire alarm and communication system. However it is assumed that the owner and
the authority having jurisdiction were satisfied from initial testing of the system as installed and that it
met the intended design purpose.

Nowadays designs refer to NFPA 3-2012 requirements, which prescribe recommended procedures,
methods, and documentation for commissioning and integrated testing of active and passive fire
protection and life safety systems and their interconnections with other building systems. The
recommended practice will ensure fire protection and life safety systems perform in conformity with the
design intent.

NFPA 72, chapter 14 covers the minimum requirements for inspection, testing, and maintenance of fire
alarm systems, supervising station alarm systems, public emergency alarm reporting systems, emergency
communications systems (ECSs), single and multiple-station smoke and heat alarms, and household fire
alarm systems.

Cal Poly campus Electrical Service department is responsible for inspection, testing, and maintenance of
the system and for alterations or additions to the fire alarm and communication system installed in the
Recreation Center as well on all the entire campus proprietary supervising alarm systems.

Cal Poly Environmental Health and Safety department monitors and supervisors inspection and testing
performs on fire alarms systems installed on the entire campus.

It was confirmed by the Environmental Health and Safety as well as the Electrical Services departments
that annual point by point inspection and testing of initiating devices are performed in accordance with
California Code of Regulations Title 19, Section 1.09(a); and NFPA 72, Table 14-3.1. All inspection and
testing records are kept in accordance with NFPA 72, chapter 7, section 7-2.

The following special inspection and testing instructions were supplied by the Cal Poly Environmental
Health and Safety department:

a) Duct detectors:
- Magnet test location is lower left
- Black reset button on device
- Verify reporting as supervisory at fire alarm control panel
b) Manual fire alarm boxes (manual pull stations) and Detectors
- Functionally test smoke, heat detectors as per NFPA 72, Table 14-3.1, and each manual
pull station; and verify reporting at the fire alarm control panel
c) Flow switch
- Use top handle to test
- Put bottom handle into test position
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d) Battery
- Test battery charge with SOCTESTER battery tester
e) Audio and Visual alarms
- Activate alarm notification appliances and confirm proper operation of all audible and
visual alarms. Verify audible alarms are at least 15 dbA above ambient sound levels
- Verify reporting at fire alarm control panel
- Test operation of speakers and verify correct reporting at fire alarm control panel
f)  Automatic sprinkler systems
- Operate water flow and alarm switches

The Environmental Health and Safety department does not NFPA 72 ITM forms but they have their
customized form, which lists device types and serial numbers. A status is noted for each device either as
Pass or Fail; and corrective actions taken (if any) are also included in the records.

Cal Poly campus Electrical Services Department confirmed that they maintain initiating devices,
notification appliances and any other equipment related to the Rec Center fire alarm system in accordance
with manufacturer’s published instructions.

The Rec Center fire alarm system sequence of operation table describes automated actions of the system
following initiating devices activation.

Refer to figure 2.28 below for more details.
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General Alarm Volce Sequence of Operations

**ALUDIALE MESSAGE TO BE:
— (FEMALE WOICE, EWGLISH) “wiaY | M&yE ¥OUR ATTENTION, PLEASE.
"MAY | HA&VE YOUR ATTENTION, PLEASE. THERE HAS BEEN A FIRE
ALARW REPORTED IN THE BULDING, THERE HAS BEEN A FIRE ALARM
REPORTED M THE BULDING. PLEASE PROCEED TO THE MEAREST EXIT
AND LEAVE THE BUILDING.

0 SHUNT TRIF OF ELEVATCR MUST MOT BE ACTIVATED UNTIL PHASE 1
ELEVATOR RECALL HAS BEEN COMFLETED, Of WHILE FHASE 2
ELEVATOR SHUNT DISABLE KEYSWITCH IS ACTIVE

@ FOR SPECIAL AMUSEMENT DCCUPANCY LOCATIONS

LG
g
£
% &
System Inputs AlB[C K[z
1 [Wanual Tre darm box 1
2 [[Aroq_smaka datecter Mgt dotector 2
3 { Top of star smoke detector k]
4 [AIr duct smoke detector [
5 [ Retum—alr /in—duct smoke defector L]
B [ 1Z0VAC duct smoke detactor ]
T i
8 I ]
9 H F]
10[ Sprinkler woter Tow swiich [ ] 10|
11| SprbMer walve Tamper swlbch | 1]
12 Sprinkler_paat_indicafor_switch || 12]
13| Hevatar y Smake chor 13|
14[ Hewntor mach room fshaft smoke detector 4
15[ Bevator mach room//shaft heat defector 2
16| Hevator Ph2 shunt disable signaol | &
17| Bevater 120vae shunt trip cireuit falre | (@] ([ 7
18 |.|_?|
18] 1
20 M
21 2
22 27
23| FACF 120vac pawer Tallire @ @ [P (12 | 23|
24 Splem device wirng ¥rouble Fault
25 eirey
26| Ground Tfoult 26
27 7|
28 28]
29 29
30
31 J1
32 37]
33 53]
A BICIOIEIFIG] B I TTI[RICIW W O PIGI RIS IT{OV W[ 7|2 |~APBICC OO | B [ FF

Figure 2.28: Sequence of Operation of fire alarm system in the Recreation Center
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TYPES AND DESIGN CRITERIA

NFPA 13 defines a sprinkler system as each system riser serving a portion of a single floor of a
facility, or the portion(s) of the piping network in multistory buildings where floor control valve
assemblies are used to isolate individual floors. Multiple sprinkler systems can be supplied by a
common supply main or riser in multistory buildings.

The Rec Center is protected by three wet-pipe automatic sprinkler systems throughout the
building.

The type of occupancy hazard classification will influence the system design and installation
considerations, such as sprinkler discharge criteria, sprinkler spacing, and water supply
requirements.

The occupancy hazard classification for the sprinkler system installed in REC Center building is
determining by evaluating the types of hazards, which includes the quantity and combustibility
associated with the contents of the building. Examples presented in the NFPA13, 5.2 to 5.4 are
used to help in the classification of the occupancy hazard for the Rec Center.

In accordance with NFPA13, 5.2 requirements and A.5.2 examples of similar use and conditions,
we can classify the REC Center building as Light Hazard occupancy, except that the storage rooms,
mechanical and electrical rooms can be classified as Ordinary Hazard occupancy (Group 1).

NFPA 13, §5.2 provisions define as Light Hazard occupancy, an occupancy or portions of other
occupancies where the quantity and/or combustibility of contents is low and fires with relatively
low rates of heat release are expected.

The storage, mechanical and electrical rooms are classified as Ordinary Hazard occupancy (Group
1) in accordance with NFPA13, §5.3.1.1 that defines portions of other occupancies where
combustibility is low, quantity of combustibles is moderate, stockpiles of combustibles do not
exceed 8ft and fire with moderate rates of heat release are expected.
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The water demand design criteria, using the CMDA method approach, will be determined in
accordance with NFPA13,11.2.3.1.1 and figure 11.2.3.1.1:

Density (mmJ/min)

2.0 41 6.1 8.1 10.2 12.2 14.3 16.3
5000 AN \‘ 465
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s 2500 \% = - 337 =
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\ \

1500 - 1 139
0.05 0.10 @ 0.20 0.25 0.30 0.35 0.40
Density (gpm/ft2)

Figure 3.1: Extract from NFPA13-Figure 11.2.3.1.1
Table 3.1: Extract from NFPA13, Table 11.2.3.2.1.2: Hose Stream Allowance
Total Combined Inside
Inside Hose and Outside Hose ,
Duration

Occupancy L/min L/min (minutes)

Light hazard 0, 50, or 100 0, 189, or 379 100 379 30
Ordinary hazard 0, 50, or 100 0, 189, or 379 250 946 60-90
Extra hazard 0, 50, or 100 0, 189, or 379 500 1893 90-120

NFPA 13, §11.2.3.2.3.1 provisions allow the hydraulic calculations to satisfy any single point on
the appropriate density/area curve.

The selection of the low end that is the smaller operating area is deemed the most economical
option. It is generally considered superior in terms of fire control; it is expected to confine the
fire to a smaller area by reducing the total number of operating sprinklers.

The wet-pipe automatic sprinkler system installed at the Rec Center uses quick response sprinkler
heads standard and extended coverage; therefore in accordance with NFPA13, §11.2.3.2.3, the
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system area of operation shall be permitted to be reduced, as per Figure 11.2.3.2.3.1, without
revising the density as the system installed satisfied the following conditions:

Wet-pipe system

Light hazard or ordinary hazard occupancy

20 ft maximum ceiling height (except the gymnasiums)

And there are no unprotected ceiling pockets exceeding 32 ft2

y-axis

40 QL

A )
RS

20

10

Percent reduction to design area

X-axis

10 20 30
Ceiling height (ft)

Note: y= _—%’H 55

For ceiling height 210 ft and <20 ft, y= _‘3_"{ + 55
For ceiling height <10 ft, y = 40

For ceiling height =20, y=0

For Sl units, 1 ft =0.31 m.

Figure 3.2: Extract from NFPA13, Design Area Reduction for QRS
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SUMMARY OF DESIGN CRITERIA

Table 3.2: Density and Design Area of Operation

e  Gymnasiums/MAC Light Hazard e 0.10 gpm/ft?

e Fitness/Weight rooms e 900 ft?

e Racquet ball courts

e Pre-function areas

e Offices/Corridors/Lobbies Reduced area as per NFPA13,

e Restrooms/Locker rooms Figure 11.2.3.2.3.1 for quick
response sprinklers

e Storage rooms Ordinary Hazard (Group 1) e  0.15gpm/ft?
e Mechanical/Electrical e 1013 ft?
rooms

e Custodian rooms
Reduced area as per NFPA13,

Figure 11.2.3.2.3.1 for quick
response sprinklers

Therefore the storage room shall be protected by the requirements for the highest classified commodity
and storage arrangement, as per NFPA13 §5.6.1.2.4.

WATER SUPPLY

The Recreation Center water-based suppression system is connected to the San Luis Obispo
municipality water supply.

The city water supply is provided at:

e Static pressure: 140 PSI
e Residual pressure: 132 PSI
e Flow: 1186 GPM

Information collected from provided computer calculated hydraulic report; refer to Appendix D
for more details.

The Rec Center building wet-pipe automatic sprinkler system is supplied from three control
valves (risers) located at two separated positions.

- Onerisersupplied the storage area, wrestling room and the main gymnasium on first floor
and the two basketball courts on the second floor; it is located West-South side of the
main gymnasium building
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- Two risers supplying the remaining automatic sprinkler systems, located East of

gymnasium storage room

The following tables give further details about the location and sizes of system components:

SRNCH

KEY PLAN
ND SCALE

Figure 3.3: REC Center Key Plan: Remote Areas A, B, Cand D

Table 3.3: Remote Area A

AN

Remote Area Al
Design Light Hazard 0.10 gpm
Area of Operation 900 SQF
Riser size 4 inches
Riser location West Gym storage room 121
Cross-mains 3 inches (varies)
branch lines 2 inches (varies)
Make Viking
Model VK634 QREC
VK302 QRSC
Sprinklers K-factor 8 QREC
5.6 QRSC
3/4" &
Size 1/2"
Temperature 155
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Table 3.4: Remote area C1

Remote Area

C1

Design Light Hazard 0.10 gpm
Area of

operation 900 SQF

Riser size 4 inches

Riser location

West Gym storage room

Cross-mains 3 inches (varies)
branch lines 2 inches (varies)
Make Viking
Model VK634 QREC
VK302 QRSC
Sprinklers K-factor 8 QREC
5.6 QRSC
3/4" &
Size 1/2"
Temperature 155

Table 3.5: Remote area D2

Remote Area

D2 high roof

Design Light Hazard 0.10 gpm
Area of

operation 1500 SQF

Riser size 4 inches

Riser location

West Gym storage room

Cross-mains 3 inches (varies)
branch lines 2 inches (varies)
Make Viking
Model VK634 QREC
VK302 QRSC
Sprinklers K-factor 8 QREC
5.6 QRSC
3/4" &
Size 1/2"
Temperature 155
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Table 3.6: Remote area B2

Remote Area B2 high roof
Design Light Hazard 0.10 gpm
Area of Operation 1000 SQF

Riser size 4 inches

Riser location

West Gym storage room 121

Cross-mains 3 inches (varies)
branch lines 2 inches (varies)
Make Viking
Model VK602 QREC
VK300 QRSC
Sprinklers K-factor 8 QREC
5.6 QRSC
3/4" &
Size 1/2"
Temperature 155

Table 3.7: Remote Area C2

Remote Area Cc2

Design Light Hazard 0.10 gpm
Area of Operation 1000 SQF

Riser size 4 inches

Riser location

West Gym storage room 121

Cross-mains 2 1/2 inches (varies)
branch lines 1 1/2 inches (varies)
Make Viking
Model VK302 QREC
) VK300 QRSC
Sprinklers
K-factor 5.6 QREC
Size 1/2"

Temperature 155 F
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Figure 3.4: Risers Details — East Gymnasium Storage Room
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Figure 3.5: Key Plan with highlighted Remote Area E
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Table 3.8: Remote Area E

Remote Area E Storage
Design Ordinary Hazard 0.15 gpm
Area of Operation 1500 SQF
Riser size 3inches

Riser location

East Main Gym

Cross-mains 2 1/2 inches (varies)
branch lines 1 1/4 inches (varies)
Make Viking
Model VK302 QREC
Sprinklers VK300 QRsc
K-factor 5.6 QREC
5.6 QRSC
Size 1/2"

Temperature 155

Table 3.9: Remote Area E1

Remote Area E1 Wrestling
Design Light Hazard 0.10 gpm
Area of Operation 1500 SQF

Riser size 3inches

Riser location

East Main Gym

Cross-mains 2 1/2 inches (varies)
branch lines 1 1/4 inches (varies)
Make Viking
Model VK302 QREC
Sprinklers VK300 QRsc
K-factor 5.6  QREC
5.6 QRSC
Size 1/2"

Temperature 155 F
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Table 3.10: Remote Area E2

Remote Area E2 Main Gym
Design Light Hazard 0.10gpm
Area of Operation 1500 SQF
Riser size 3inches
Riser location South Main Gym
Cross-mains 2 1/2 inches (varies)
branch lines 1 1/4 inches (varies)
Make Viking
Model VK302 QREC
. VK300 QRSC
Sprinklers
K-factor 5.6 QREC
5.6  QRSC
Size 1/2"
Temperature 155

E1
| SEH.10 O

[E) Gk LG, FES SPRE ‘,":E;‘@ @
S]],

CLEARMMCE [N COHC. SLAS
FER BFFA #13 57 OTHERS

- |ACLEAR ATIUHE MM

SCHAD A
TGALEN,

A0, LSRR PG
BACIUIGHT UP 10 §%, PP, BY CITHERS
FLUSHING & HYD®O OF U.G. &Y DIHERS
BEFDRE TE=M TO ABDWE GROLMD FIFE

Figure 3.6: Riser Details: South West Main Gymnasium Room

Typical components of the riser:
- 6” underground pipe through concrete slab
- 4” x 3” GRV RC Coupling flexible on Riser
- 3” Tyco GRV butterfly valve BFV-1 with control flow / tamper switch
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3” Tyco Riser check valve CV with pressure gauges

3” water flow indicator

- 3” Tyco test and drain Riser assembly

- Inspector’s test valve & system main drain valve

- 3” GRV 90 elbows

- 3” GRV couplings

- 10" electric bell on building wall

- 4-way earthquake brace

- Fire sprinkler head cabinet mounted on wall by Riser
- Fire sprinkler head design placard on Riser

The REC Center building is fully protected by automatic sprinkler systems (three automatic
sprinkler systems). The sprinkler heads installed are all VIKING brand with the following head
designs:

e Concealed fire sprinkler heads used in suspended metal ceiling

e Upright fire sprinkler heads used in exposed areas with no suspended ceiling like
in gymnasium rooms

e Pendant fire sprinkler heads used in suspended ceiling where surface mount
ceiling obstruction exists

e Recessed fire sprinkler heads used in suspended ceiling where no surface mount
obstruction exists.

*

+* Concealed fire sprinkler concealed head

N
1/24¢12.7mmI NPT —
FOR 57D, COVER

/420 mmOI NPT | ]
FOR EXTEND COVEE ) |\ }l

‘ * P \ /
2-ti/16° 2-3/167 —
C&Brm (S6mm)
Moximum Miririearm I
L
* Iz
S, S

2=374" (70 mm} or
3-5/16" (B4l mm)

Figure 3.7: Viking Concealed Sprinkler Heads
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% Upright fire sprinkler ceiling head details

(38 mm

‘ 1-172"

1/2 (127 ‘-.FT_/

FOR 5TD. COVER

Figure 3.8: Viking Upright Sprinkler Heads
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MANUAL HYDRAULIC CALCULATIONS

We have opted to perform hand hydraulic calculations for the automatic sprinkler system that
covers the main gymnasium due to its complexity. The system is supplied with municipality water
through a 3” control valve at a riser located south-west of the main gymnasium. Refer to Figure
3.6 for Riser details.

Figure 3.11 below illustrates the general piping arrangement from the riser outside ground floor
of the building to the sprinklers on the roof inside the building.

(

154"

4584

37

Vo

Figure 3.11: Gymnasium Sprinkler Piping Arrangement
The following information were used:

- Piping size 2 and larger are schedule pipe 10
- Piping size small than 2 inches are pipe schedule 40

It is important to note that sprinkler piping for the entire building are configured in loops such
that branch lines can be fed through more than one route; in such configuration computer
calculations would be more appropriate to execute repetitive calculations and so provide more
accurate results as hand calculations for such designs are more complex.

Culminating Project Report — AM Spring-2014 70



For the purpose of this report, to enable ourselves to perform hand hydraulic calculations, we
have selected a water flow path through cross main and branch lines assuming that piping is not
configured in loops; hence in our scenario sprinkler heads would be fed through one route only
as selected; therefore the total pressure method (ignoring velocity pressures) could be used to
estimate the maximum flow and pressure at the bottom of the riser.

Refer to Appendix D, FP-E2 for details of the piping arrangement.

Hand calculations were performed using excel spreadsheet; results are tabulated below.

The following data were used as inputs:

e Areaof operation: 1500 ft? (no area reduction due to high ceiling height)

e Density: 0.10 gpm/ft?

e Hose allowance: 100 gpm (inside)
e Sprinkler K-factor: 5.6

e Standard orifice: 24

e C-factor: 120

e Remote area of operation, as depicted in the fire protection drawing: 156 ft?
e Area coverage per sprinkler: 156 ft? (12 ft x 13 ft)

e Remote area # of sprinklers: 12

The following results were obtained:

Table 3.11: System Demand Results
Manual hydraulic calculations
System demand @BOR

v System flow: 192.4 gpm

v' Hose demand: 100 gpm

v Total system demand: 292.4 gpm
v System pressure: 125 psi

Table 3.12: Individual Sprinkler Performance
Manual hydraulic calculations
Individual sprinkler flows and pressures
S1 Q=15.6 gpm
P=7.8 psi

S2 Q=159gpm

Computer hydraulic calculations
System demand @ BOR:

v System flow: 196 gpm

v" Hose demand: 100 gpm

v Total system demand: 296 gpm
v System pressure”: 78 psi

Computer hydraulic calculations
Individual sprinkler flows and pressures
S1 Q=15.87gpm

P=8.03 psi

S2 Q=15.79 gpm
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Manual hydraulic calculations
P=8.1 psi

S3 Q=17 gpm
P=9.2 psi

S4 Q=15.8gpm
P=8.0 psi

S5 Q=15.6 gpm

P=7.8 psi

S7 =S5 (hydraulically the same)
S8 = S4 (hydraulically the same)
S9 = S3 (hydraulically the same)
$10 = S2 (hydraulically the same)

S11 = S1 (hydraulically the same)

S12 Q=15.6 gpm
P=7.8 psi
S13 Q=15.9gpm

P=8.1 psi

Computer hydraulic calculations

P=7.95 psi

S3 Q=15.88 gpm
P=8.04 psi

S4 Q=14.94 gpm
P=8.0 psi

S5 Q=14.82 gpm
P=7.8 psi

S7 Q=15.75gpm
P=7.91 psi

S8 Q=15.67 gpm
P=7.83 psi

S9 Q=15.77 gpm
P=7.93 psi

S10 Q=15.23 gpm
P=7.4 psi

S11 Q=15.11gpm
P=7.28 psi

S12 Q=20.88 gpm

P=13.91 psi
S13 Q=20.7 gpm

P=13.66 psi

Our hand calculations have overestimated the system pressure in comparison to computer model
prediction. The system demand flow is qualitatively similar in both manual and hand calculations.

The difference between these two approaches is solemnly due to the fact the computer used the
actual water flow paths, analyzing different water routes through the looped piping
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arrangement; it has treated each branch line connection with multiple supplies as an hydraulic
node, hence balancing pressures and flows in and out of a node in order to estimate actual
pressure and flow for a that specific branch line. Therefore the overall system pressure will be
minimal in looped systems as water pathway is determined through the least resistant route.

In contrast, our assumptions selected a flow path that required high pressures to overcome
piping flow resistance.

Refer to Appendix D for details on the computer hydraulic calculations performed for the
gymnasium.

Figure 3.12 illustrates the hydraulic curves for water supply and system water demand.
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Figure 3.12: Water Supply Hydraulic Curve

INSPECTION, TESTING AND MAINTENANCE

In order to meet both federal certification requirements and state licensure requirements,
automatic fire sprinkler systems are required to be inspected, tested and maintained in
accordance with NFPA 25, Standard for the Inspection, Testing, and Maintenance of Water-Based
Fire Protection Systems.
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In order to follow the requirements of the standard, it’s important to have a good understanding

n u

of what’s meant by “inspection”, “testing” and “maintenance”. Those terms are defined in NFPA
25, §3.3 as follows:

* Inspection. A visual examination of a system or portion thereof to verify that it appears to be
in operating condition and is free of physical damage.

e Testing. A procedure used to determine the status of a system as intended by conducting
periodic physical checks such as water flow tests, fire pump tests, alarm tests, and trip tests of
dry-pipe valves. These tests follow up on the original acceptance test at intervals specified in the
appropriate chapter of NFPA 25.

* Maintenance. Work performed to keep equipment operable or to make repairs.

It is the university’s responsibility (or the representative, the REC Center manager’s
responsibility) to ensure that only properly trained and competent persons perform inspections,
testing and maintenance on the fire sprinkler system installed throughout the building. NFPA25
simply states, “These tasks shall be performed by personnel who have developed competence
through training and experience.” [NFPA 25(11), §4.1.1].

SPECIFIC REQUIREMENTS

The inspection, testing and maintenance requirements that apply to a building’s fire sprinkler
system start from the date of initial installation and continue on at specific intervals throughout
the life of the system.

Monthly inspection:

The following monthly inspections can be performed by facility staff:

Visually inspect control valves to ensure that they are:

¢ In the normal open position

e Accessible

* Properly sealed

e Locked and/or supervised

* Free from leaks

* Provided with appropriate signage identifying the portion of the system they control

Visually inspect gauges on wet pipe systems to verify that they are in good condition and that
normal water pressure is being maintained.
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Quarterly Inspection

The following quarterly inspections are in addition to those required monthly and can be
performed by facility staff:

a. For hydraulically designed sprinkler systems, inspect the hydraulic nameplate to verify that it’s
securely attached to the sprinkler riser and is legible.

b. Inspect alarm devices to verify that they are free of physical damage.
c. Inspect fire department connections to verify that:
¢ They are visible and accessible
¢ Couplings or swivels are not damaged and rotate smoothly
¢ Plugs or caps are in place and not damaged
¢ Gaskets are in place and in good condition
¢ |dentification signs are in place
¢ The check valve is not leaking
¢ The automatic drain valve is in place and operating properly
With proper training the following quarterly tests can be performed by facility staff:

a. Test the waterflow alarm on wet pipe sprinkler systems by opening the inspector’s test
connection. This simulates the opening of a sprinkler head.

Annually Inspection

In addition to the monthly and quarterly inspections and tests, NFPA 25 has very detailed and
specific inspection, testing and maintenance services that need to be performed on an annual
basis. Because of their complexity, and to comply with federal and California state law, these
services must be performed by a licensed sprinkler contractor and would include such things as:

e An inspection of the facility’s supply of spare sprinkler heads to ensure that there are a
minimum of two sprinklers of each type and temperature rating and that there is a sprinkler
wrench for each type of sprinkler.

¢ A check of all sprinklers, hangers, pipe and fittings
e Testing of the main drain
e Testing of any antifreeze solution used

* Testing and maintenance of valves
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Long term Inspection

a. Sprinkler system gauges typically have a life expectancy of 10 to 15 years. As a result, these
gauges must be replaced every 5 years or tested every 5 years by comparison to a calibrated
gauge.

Gauges not accurate to within 3 percent of the full scale must be recalibrated or replaced
[Reference NFPA 25(11), §5.3.2].

b. System check valves must be inspected internally every 5 years to verify that all components
operate properly, move freely and are in good condition [Reference NFPA 25(11), §12.4.2.1].

c. Where sprinklers are subjected to harsh environments, including corrosive atmospheres and
corrosive water supplies, the sprinklers must be replaced or representative samples tested
every 5 years.

Note: “Harsh environments” have been interpreted to include areas exposed to outside weather
(e.g. sprinklers installed under exterior canopies) and cold storage areas (e.g. coolers and
freezers).

DOCUMENTATION REQUIREMENTS

Just as important as conducting required inspections, testing and maintenance is documenting
the fact that they occurred. Both NFPA 13 and NFPA 25 require that these services be properly
recorded.

It’s important that at least two people in the REC Center know where the ITM records are kept
to increase the likelihood that they can be readily provided if requested during an inspection, as

the records are requires to be maintained on the premises.

NFPA13, Table A.27.1 provides guidance on the kinds of activities that need to be performed
and how frequently such activities should be carried out.
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Table 3.13: Extract from NFPA13-Maintenance Schedule
TABLE A.27.1 Maintenance Schedule

Parts Activity Frequency

Flushing piping Test 5 years

Fire department connections Inspection Monthly

Control valves Inspection Weekly — sealed
Inspection Monthly — locked
Inspection Monthly — tamper switch
Maintenance Yearly

Main drain Flow test (Quarterly — annual

Open sprinklers Test Annually

Pressure gauge Calibration test

Sprinklers Test 50 years

Sprinklers — high-temperature Test 5 years

Sprinklers — residential Test 20 years

Waterflow alarms Test Quarterly

Preaction/deluge detectlon system Test Semiannually

Preaction/deluge systems Test Annually

Antifreeze solution Test Annually

Cold weather valves Open and close valves Fall, close; spring, open

Dry/preaction/deluge systems

Alr pressure and water pressure Inspection Weekly

Enclosure Inspection Daily — cold weather

Priming water level Inspection Quarterly

Low-point drains Test Fall

Dry pipe valves Trip test Annually — spring

Dry pipe valves Full flow trip 3 vears — spring

Quick-opening devices Test Semiannually
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CHAPTER 4: EGRESS ANALYSIS

OCCUPANCY CLASSIFICATION

Referring to both LSC and IBC Occupancy classifications, it can be said that rooms/spaces inside
of the Rec Center are used for different activities and therefore can be classified according to
their intended use.

The Rec Center building was designed according to the non-separated occupancy provisions. In
accordance with IBC, section 508.3.1:” Nonseparated occupancies shall be individually classified
in accordance with Section 302.1. The requirements of this code shall apply to each portion of the
building based on the occupancy classification of that space except that the most restrictive
applicable provisions of Section 403 and Chapter 9 shall apply to the building or portion thereof
in which the nonseparated occupancies are located”.

Table 4-1: Room / Space Occupancy Use Classification

Use of room / Space Occupancy Classification
Fitness / Gymnasium A-3
Cafeteria A-3
Offices / Administration B
Yoga / Meditation E
Storage rooms S
Mechanical/Electrical Equipment Accessory (Incidental use)
rooms/spaces

The following color-code will be used to illustrate different occupancy use of rooms / spaces in
the recreation center building.

Space designations Color codes
Assembly
Business

Storage
Mechanical rooms
Electrical rooms _I
Changing
/Restrooms
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Figure 4-2: Color-Coding Of Space Designations: 2™ floor

As a multiple occupancy building, the Recreation Center shall comply with all requirements that
are applicable to each of the purposes for which the room or space will be occupied. The means
of egress facilities, construction type, protection, and other safeguards in the building shall
comply with the most restrictive fire and life safety requirements of the occupancies involved.

EGRESS CAPACITY CALCULATIONS

Life Safety Code defines the term “means of egress” as a continuous and unobstructed way of
travel from any point in a building or structure to a public way consisting of three separate and
distinct parts:

e Exit access: is that portion of a means of egress that leads to an exit.
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1st floor 2nd floor

Figure 4-3: LSC Exhibit of Exit Access

e Exit: is that portion of a means of egress that is separated from other building spaces by
enclosing it within construction; it can include exterior exit doors, stairs, ramps, smoke
proof enclosures, exit passageways, and outside balconies.
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Figure 4-4: LSC Exhibit of Various Forms of Exits

e Exit discharge: that portion of a means of egress between the termination of an exit and
a public way. A public way defined as a street, alley, or other similar parcel of land
essentially open to the outside air deeded, dedicated, or otherwise permanently
appropriated to the public for public use and having a clear width and height of not less
than 10 ft (3050 mm).
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Figure 4-5: LSC Exhibit of Spaces Constituting Exit Discharge

The Life Safety Code §7.3.1.2 stipulates that: “the occupant load in any building or portion thereof
shall be not less than the number of persons determined by dividing the floor area assigned to
that use by the occupant load factor for that use as specified in Table 7.3.1.2”.

A. Occupant Load for Each Space:

Occupant load factor for each space is obtained from Table 7.3.1.2:

Table 4.3a: Extract from LSC —Table 7.3.1.2

Table 7.3.1.2 Occupani Load Factor

Use (ft*/person)® {m*person)y®
Assembly Use
Concentrated use, without fixed seating (.65 net
Less concentrated use, without fixed seating 1.4 net
persond | & lincar in.

Bench-type scating

Fixed seating

Waiting spaces

Kitchens

Library stack areas

Library reading rooms

Swimming pools

Swimmng pool decks

Exercise rooms with equipment
Exercise rooms without equipment
Stages

Lighting and access catwalks, gallenies, gnidirons
Casinos and similar gaming areas
Skating nnks

Educational Use

Classrooms

Shops, laboratories, vocational rooms

Use number of fixed scats
See 12,172 and 13.1.7.2.
100

100

50 net

50 {(water surface)

| personf435 lincar mm
Use number of fixed scats
See 12.1.7.2 and 13.1.7.2.
923

03

4.6 net

4.6 {water surface)

23

46

1.4

1.4 net

9.3 net

l

46

1.9 net
4.6 net

f{continues)
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Table 7.3.1.2 Continued

Use (ft*/person)” {m*/person)*
Day-Care Use 35 net 33 net
Health Care Use
Inpatient treatment departments 240 223
Sleeping departments 120 1.1
Ambulatory health care 100 93
Detention and Correctional Use 120 1.1
Residential Use
Hotels and dormitories 200 186
Apartment buildings 200 18.6
Board and care, large 200 186
Indusirial Use
General and high hazard industrial 100 93
Special-purpose industrial NA NA

93
37

Business Use {(other than below)
Air traffic control tower ohservation levels
Storage Use

In storage occupancies ¢ MNA
In mercantile cccupancics 2749
In other than storage and mercantile occupancies 46.5

Mercantile Use

Sales arca on street floor™ 30 2.8
Sales area on two or more street floors © 40 37
Sales area on floor below strect floor © 30 2.8
Sales area on floors above street floor © 60 56
Floors or portions of floors used only for offices See business use. Sec business use.
Floars or portions of floors used only for storage, receiving,
and shipping, and not open to general public 300 279
Mall buildings* Per factors applicable to usc of space®

MA: Mot applicable. The occopant load is the maximum probable number of occupants present at any time.

Figure 4.3b: Extract from LSC-Table 7.3.1.2

The occupant load of each space will be determined on the basis of the occupant load factors of
Table 7.3.1.2 based on the use of the space (not occupancy classification), or shall be determined
as the maximum probable population of the space under consideration, whichever is greater.
The following definitions clarify the use of occupant load factor:

- Gross Floor Area: The floor area within the inside perimeter of the outside walls of the
building under consideration (Recreation Center). This area includes hallways, stairs,
closets, and thickness of interior walls, columns or other features. Where the tem floor
area used, it means the gross floor area unless otherwise specified.

- Net Floor Area: The floor area within the inside perimeter of the outside walls, or the
outside walls and fire walls of the building under consideration with deductions for
hallways, stairs, closets, thickness of interior walls, columns, or other features. The actual
occupied area/space (associated with Assembly use space)

B. Egress Capacity

Egress capacity of exit in the Rec Center will be calculated in accordance with Life Safety
Code provision §7.3.3.1: “Egress capacity for approved components of means of egress
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shall be based on the capacity factors shown in Table 7.3.3.1, unless otherwise provided

in7.3.3.2”.

Table 4.4: LSC Egress Capacity Factor

Table 7.3.3.1 Capacify Factors

Level Components

Stairways and Ramps

{width/person) {width/person)

Area . mm in mum

Board and care 04 10 0 5

Health care, 03 7.6 2 5

sprinklered

Health care, 06 15 05 13
nonsprinklered

High hazard contenis 0.7 18 0.4 10

[ All others 0.3 7.6 0.2 5 |

The minimum required width will be calculated as follows:

e Stairways: 0.3 inches per occupant multiplied by the total number of occupants

served

e Other components (e.g. doors): 0.2 inches per occupant multiplied by the total
number of occupants served

In egress capacity calculations, the Life Safety Code allows standard rounding.

The required capacity of a corridor shall be the occupant load that utilizes the corridor for
exit access divided by the required number of exits to which the corridor connects. The
corridor capacity shall be not less than the required capacity of the exit to which the

corridor leads.

220 < AL - - — — -

Floor
occupant load = 660

220

Figure 4-6: LSC: Corridor Capacity
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C. Number of Exits

The required number of egress is estimated in accordance with the Life Safety Code Section
7.4.1.2:” the number of means of egress, from any story or portion thereof, other than for
existing buildings, in chapter 11 through 43, shall be as follows:

(1) Occupant load more than 500 but not more than 1000 — not less than 3
(2) Occupant load more than 1000 — not less than 4”.

Table 4-5: Number of Exits

Occupant load served Number of exits required

< 50 (typical but varies) 1
< 500 2
501-1000 3

> 1000 4

400 people—2 exits

700 people—3 exits

800 people—3 exits

200 people—2 exits

700 people—3 exits

400 people—2 exits

Exit |1 50{) people—
4 4 exits

<

— Door to exit stair

Figure 4-7: Extract from LSC Minimum Number of Means of Egress
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D. Multi-Story Egress Capacity

Where an exit serves more than one story, only the occupant load of each story
considered individually shall be used in computing the required capacity of the exit at that
story, provided that the required egress capacity of the exit is not decreased in the
direction of egress travel [Life Safety Code, Section 7.3.1.4].

150
200
200
200
250
250
250
300

Egresls
capacity
each stair
Occupant load per floor P
300 ’fﬂ# 150
4< 400 o 200
_< 400 i,,;-f 200
_< 400 [ o 200
_< £00 L 250
_< 300 ff_# 250
4{ 400 o 250
_< 900 - 300
—_ [ L —

Figure 4-8: LSC Capacity of Exit Stairs serving Multiple Floors

E. Converging Egress Capacity

Where means of egress from the second floor and from the basement converge at the
first floor in the Recreation Center, the capacity of the means of egress from the point of
convergence shall be not less than the sum of the capacity of the two converging means
of egress.
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Figure 4-9: Extract from LSC-Exhibit of converging egress capacity
F. Minimum Width

= The width of any means of egress in the Rec Center shall be as follows:
e Not less than that required for a given egress component
e Not less than 36 in; however for the LSC 2009 edition, allows the width of exit
access to be not less than 28 in for building constructed before 2009; as it is the
case for the Rec Center built in accordance with 2006 LSC.
= Where more than one exit access leads to an exit, each shall have a width adequate
for the number of persons it accommodates.
=  Where the total occupant load of all stories served by the stair is fewer than 50, the
minimum with shall be 36 in, except for projections more than 4-1/2 in. at or below
handrail height on each side
=  Where stairs serve occupant loads exceeding 49, the minimum width shall be in
accordance with Life Safety Code Table 7.2.2.2.1.2 (B):

Table 4-6: Life Safety Code Minimum Stair Width

Table 7.2.2.2.1.2(B) New Stair Width

Total Cumulative Occupant

Load Assigned to the Stair Width
<2000 persons 44 in. (1120 mm)
=2000 persons 56 in. (1420 mm)
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Figure 4-10: Life Safety Code Minimum Egress Door Width

G. Occupant Loads and Egress Capacity Calculation Results

Occupancy load calculations assumed a “non-simultaneous use”, which means that occupants
will either be in the occupied space or the circulation space, but not both at the same time.

The reason for this assumption is that occupants of circulation areas, restrooms are accounted

for in other occupied areas.

The room or space used, as an assembly space, in the Rec Center, in accordance with LSC

provisions 7.10 requirements, has an occupancy load sign posted in a very noticeable location

near their exit or exit access doorways.

Culminating Project Report — AM

Spring-2014

88



Table 4-7: Occupancy Load calculations for first floor
A. 1% Floor Life Safety Plan Area

Floor/Space

Office 1

Office 2

Office 3

Office 4

Office 5

Office 6

Open Office
Gymnasium
FAC Supervisor

Racquet Ball court (x6)

Mac Lobby

Office 7

Office 8

Office 9

Office 10

Control Room
Information desk
First aid room
Equipment checkout
Office: coordinator
Weight fitness
Office: Players
Office: players

Culminating Project Report — AM
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191 100
799 100
1562 15
910 300
205 100
320 100
316 100
131 100
279 100
151 100
124 100
126 100
6462 50
236 15
245 15
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Floor/Space

MAC
Storage/Prep Area
Aquatic office
Lifeguard office
Reception

Maintenance/Storage

Equipment/Storage
Laundry room
Men’s Locker
Women'’s Locker
Pre-Function Area
Training room
Personal Fitness
Message Therapy
Wellness office
Office

Wellness reception
Ticket office
Wrestling room
Main Gymnasium
Pantry

Office

Office

Storage

Changing room
Changing room
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Floor/Space

Pool Mechanical
Maintenance Office

Occupancy

B

B. 2" Floor Life Safety Plan Area

Table 4-8: Occupancy Calculations for 2™ Floor

Floor/Space

Fitness Studio 1
Fitness Studio 2
Main Gym North
Main Gym South
Fitness Studio 3
Cardio Fitness
Jogging Track

Occupancy

o

A-3
A-3
B
A-3
A-3

H. Exit Stairway Calculations

()
(@)
(@]
<l ~
R
o .
< (@]
1005 300
286 100
g 5
O o)
@) - o
& ~ 9 c
&= o © ©
~ Y —= Q
5 & 23
< o 8o
1688 50 34
1962 50 40
6396 - 1180
6414 - 1180
2356 50 48
3330 50 67
2014 - 69

Calculated

Number of Exits

Required

Occupant Load

N NN NN R R

of Exits

Number

Required

It is a LSC requirement, when more than one exit is required, the sizing of each exit available is
based on the fact that the loss of a single exit will not reduce the available capacity to less than
50 % of the required capacity. [Reference LSC Section 7.3.1.1.2]
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Table 4-9: Stairway Capacity Calculations

Stairway
Stair 1
Stair 2
Stair 3
Stair 6
Stair 7
Stair 8
Stair 9
Stair 10
Stair 11
Stair 12

Occupant Load
156
156
52
100
86
236
101
236
236
236

Required Width
156 x0.2=32in
156 x0.2=32in
52x0.2=11in

100x0.2=20in
86 x0.2=18 in

236 x0.2=48 in
101 x0.2=21in
236 x0.2=48 in
236 x0.2=48 in
236 x0.2=48 in

Provided Width
84 inches
78 inches
87 inches
84 inches
84 inches
84 inches
76 inches
96 inches
96 inches
106 inches

The stairway width calculations were performed observing IBC/LSC prior edition to 2009 used at
the time of the building was designed and built. The LSC 2006 edition gives 0.2 capacity factor for

stairway calculations.

Applying current edition of LSC, using capacity factor of 0.3; the following stairway widths would

have been required:

Table 4-10: Stairway Width Calculations using LSC 2009
Occupant Load (No of people) Required Width (inches) Provided Width (inches)

156
156
52

100
86

236
101
236
236
236

46.8
46.8
15.6
30

25.8
70.8
30.3
70.8
70.8
70.8

84
78
87
84
84
84
76
96
96
106

It can be seen that stairway widths in the Recreation Center are larger and provide adequate
egress capacities. The exit capacities are therefore adequate for the application.
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I. Arrangement of Exits

Itis required that exits are located and exit access are arranged so that exits are readily accessible
at all times in accordance with LSC Section 7.5.1.1. Where exits are not immediately accessible
from an open floor area, LSC requires that:

e Continuous passageways, aisles, or corridors leading directly to every exit to be
maintained and

e Tobe arranged to provide access for each occupant to not less than two exits by separate
ways of travel.

The following assessment were performed from existing Recreation Center floor plans, in order
to attest the adequacy in terms of exit remoteness, common path, travel distance to exits, dead
end corridors

1) Remoteness of means of egress

e ltis required by LSC that where more than one exit, exit access or exit discharge is required
from a building or portion thereof, such exits, exit accesses, or exit discharges shall be:
o Remotely located from each other and
o Arranged to minimize the possibility that more than one has the potential to
be blocked By any one fire or other emergency condition

e The Rec Center is protected throughout by an approved, supervised automatic sprinkler
system; in accordance with the LSC Section 7.5.1.3.2, the minimum separation distance
between two exits, exit accesses, or discharges, shall be not less than one-third the length of
the maximum overall diagonal dimension of the building or area to be served.
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d1=1/3 D1
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Figure 4-11: Remoteness Assessment of Recreation Center South Exits

As shown in figure 4-11, the MAC room required 4 exits; these exits are required to be separated
by a minimum distance equaled to one third of the diagonal distances, as illustrated in the

diagram.
The following calculations were performed:
D, = 200 ft,therefored; = 1/3 x200 = 66 ft; measured distance d, = 70 ft

D, = 230 ft,therefore d, = 1/3 x230 = 77 ft; measured distance d, = 77 ft

Assessing the North, stairway numbers and widths can be checked if compliant:
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Figure 4-12: Extract from Recreation Center 2" Floor Plan

Two typical examples were chosen to assess a portion of the Recreation Center.

» Example 1, referring to Figure 4-12, above, for the main GYM, the following calculations
can be performed:
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Table 4-11: Calculations for Main Gym Exit Capacity

Room Occupant No of Required Required Door Remoteness of Exits
Load Exits Stairway width Width (in)
(people) (in)
Gym 2™ 472 2 236x0.2=48 236x0.15=35 Room width=57 ft
floor (old code) (old code) Length=113ft
Diagonal=SQR(57%+113%)=127
236x0.3=71 236x0.2=48 Distance d for exits >= 1/3x127 = 42 ft
(2009 LSC) (2009 LSC)

» Referring to Figure 4-12, the following assessment were performed to check compliance
to LSC requirement of the area housing cardio fitness machines (demarcated by a square):

= Cumulative occupant load of that portion of building: 312 people
= Number of exits required: 2
= Required stairway width: 156 x 0.3=47 inches

* Provided stairway width: as shown in Table 4-09, Stairway N°1 measured
78 inches and stairway N°2 = 84 inches.

=  Minimum required exit:
e Door width: 156 x 0.2= 32 inches
e Provided exit door width: 36 inches

= Remoteness of exits: the distance from stairway No2 to No1 is greater than
the 1/3 diagonal distance of the covered area as indicated by dashed lines.

The typical calculations and observations were performed for the entire building; our assessment
ascertained that the Rec Center building meet the minimum of requirements minimum egress
width capacity and similarly the remoteness of exit locations meet the minimum 1/3 of diagonal
distance of the space served.

2) Common paths and Dead end corridors

Common Path of Travel is defined as the portion of exit access that must be traversed before two
separate and distinct paths of travel to two exits are available. In simple words, common path of
travel is the portion of the exit access travel to which an occupant is steered in one direction only
without the option of traveling in another independent direction toward an exit. [Reference LSC
Section A.7.5.1.5]

LSC Section A.3.3.42 stipulates that Common path of travel is measured in the same manner as
travel distance but terminates at that point where two separate and distinct routes become
available.

The Rec Center architecture has a number of common paths of travel.
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Figure 4-13: Extract from 1%t floor plan: North-
West: Common Path of Travel

Figure 4-14: Extract: 1% floor
~. B plan: South West: Common Path
of Travel
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Figure 4-15: Extract: 1% floor plan, South East:
Common Path of Travel

Figure 4-16: Extract 2™ floor
plan, North East: Common
Paths of Travel

Assessing different common paths of travel found in the Rec Center; the longest was estimated
at 57 ft; therefore less than 75 ft maximum allowed by the LSC [reference figure 4-16]. The
common paths of travel in the Rec Center are LSC compliant.

LSC requires that exit access to be arranged so that there are no dead ends in corridors. A dead
end exists where an occupant enters a corridor thinking there is an exit at the end and, does find
none exists.

Figure 4-17: Extract for 1t floor plan, office area: Dead End
Corridor
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Our assessment of the entire building has revealed no other dead end corridor, except the
corridor shown in figure 4-17.

The corridor was measured to be 35 ft; therefore complaint to the LSC requirements, which
establish the maximum allowable at 50 ft. Refer to Table 4-12 for more details.

3) Travel distance to exits

The travel distance to an exit is required, in accordance with LSC Section 7.6.1, to be measured
on the floor or other walking surface as follows:

o Along the centerline of the natural path of travel, starting from the most remote point
subject to occupancy

Curving around any corners or obstructions, with a 12 in clearance therefrom

o Terminating at one of the following:

Center of the doorway

Other point at which the exit begins

Travel distances in the Recreation Center was evaluated in accordance with LSC requirements

shown in Table A.7.6

Table 4-12: Extract from LSC: Common Path, Dean-End and Travel Distance

Table A.7.6 Commaon Path, Dead-End, and Travel Distance Limits (by occupancy)

Common Path Limit

Dead-End Limit

Travel Distance Limit

Unsprinklered Sprinklered Unsprinklered

Sprinklered Unsprinklered Sprinklered

Type of Qccupancy it m it m e m fit m it m ft m
Assembly
MNew W75 6123 2075\6.123 2 .18 20 6.1% 200 61* T6°
Existing TS AL 2075/ 6123 1 61" 20 6.1% 200 61* T6°
Educational —
Mew 73 3 L] 30 20 6.1 S0 15 150 45 i) 6l
Existing 73 3 L] 30 20 6.1 S0 15 150 45 i) 6l
Day Care _
Mew 75 3 LEA] 30 0 el 3 150 45 200 A1¢
Existing 75 3 L] 30 il el 150 45 20 619
Health Care
Mew MR NE MR MNE 30 Q. 3 9.1 NA NA 200 f1d
Existing MR NE NR MR NR ME NRE NR 150 45 200 f1d
Ambulatory Health Care
Mew 75 23 100 30 0 6.1 S0 3 150 45 20 A1
Existing 75 2 100 30 50 15 S0 150 458 20 A1
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Table A.7.6 Continued

Common Path Limit Dead-End Limit Travel Distance Limit
Unsprinklered Sprinklered Unsprinklered Sprinklered  Unsprinklered Sprinklered
Type of Occupancy fit m fit m fit m ft m fi m fi m

New 75 23 1 3 20 6.1 15 200 61 300 a1
Existing 75 piy 100 30 50 15 15 200 6l 300 o1

We have noticed that for the entire building, the longest travel distance of travel was from staff
offices to the south east exit as shown by the diagram below:

Figure 4-18: Extract from 1% floor plan: Exit access path obstructed

The travel distance was measured and found to be 225 feet, less than 250 ft as per LSC
requirements. Therefore the travel distance in the entire building is LSC code complaint.
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4) Discharge from exits

The exits from Rec Center terminate at an exterior exit discharge that is continuous to the public
way.

All exits in the Rec Center are arranged and marked with exit signs to make clear the direction of
egress to a public way.

J. lllumination of Mean of Egress:

In accordance with LSC requirements, the floors and other walking surfaces within an exit and
within the portions of the exit access and exit discharge are illuminated as follows:

o The minimum illumination for floors and walking surfaces are required to be values of at
least 1 ft-candle (10.8 Lux) measured at the floor

o In assembly occupancies, the illumination of the walking surfaces of exit access shall be
at least 0.2 ft candle (2.2 Lux) during periods of performances or projections involving
directed light

o The minimum illumination requirements shall not apply where operations or processes
required low lighting levels. A desirable form of means of egress lighting is by lights
recessed in walls about 12 in (305 mm) above the floor. Such lights are not likely to be
obscured by smoke.

All lights, circuits, or auxiliary power must be arranged to ensure continuity of egress lighting,
although the performance level is permitted to decline from 1 ft-candle (10.8 Lux) to 0.2 fr-candle
(2.2 Lux) if a system element fails. Continuity of egress lighting can be accomplished by means
such as use of duplicate light bulbs in fixtures or overlapping light patterns from neighboring
fixtures.

All spaces/rooms in the Recreation Center of assembly occupancy use, with an occupant load not
exceeding 300 shall not be required to have emergency lighting.

Emergency lighting is required in the Recreation Center for only the designated stairs, corridors,
ramps, and passageways leading to an exit and to public way for designated spaces of the exit
discharge.

The emergency illumination is required for a minimum of 1 % hours (90 min) in the event of
failure of normal lighting. Emergency lighting facilities are required to be arranged to provide
initial illumination that is not less than an average of 1 ft-canfle (10.8 Lux) and, at any point, not
less than 0.1 ft-candle (1,1 Lux), measured along the path of egress at floor level. lllumination
levels shall be permitted to decline to not less than an average of 0.6 ft-candle (6.5 Lux) and, at
any point, not less than 0.06 ft-candle (0.65 Lux) at the end of 1 %5 hours. A maximum-to-minimum
illumination uniformity ratio of 40 to 1 shall not be exceeded.
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K. Means Of Egress Components

1) Doors

Door assemblies serve multiple purposes that relate to the comfort and safety of building
occupants and provide protection from the following:

i. Weather, drafts, noise, and disturbance from adjoining areas
ii. Trespass by unauthorized persons
iii. Fire and smoke

In accordance with LSC requirements, every door opening and the principal entrance that is
required to serve as an exit for the Recreation Center shall be designed and constructed so that
the path of egress travel is obvious and direct; easily recognizable as doors. Doors cannot be
concealed by curtains, drapes, decorations, mirrors of other similar materials.

Door opening assemblies in a means of egress used in the Recreation Center shall conform to the
general requirements of LSC Section 7.1 and special requirements of 7.2.1.

Any door in a required means of egress from an area having an occupant load of 100 or more
persons shall be permitted to be provided with a latch or lock only if the latch or lock is panic
hardware or fire exit hardware complying with LSC Section 7.2.1.7.

Doors in the means of egress shall be permitted to be equipped with an approved access control
system complying with 7.2.1.6.2, and such doors shall not be locked from the egress side when
the assembly occupancy is occupied (Reference LSC 7.2.1.1.3.).

The measurement of door width shall be as shown in figure xxx: Clear openings of doorways are
measured between the face of the door and the stop with the door opened at 90 degrees. The
minimum clear opening door width is 32 inches (including a door opening with two door leafs,
with no mullion).
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Figure 4-19: Egress Capacity and Permitted Obstructions
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The LSC Section 7.2.1.2.3.2 requires that door openings in means of egress to not be less than 32
inches in clear width.

The minimum door width for every door installed in the Rec Center is 36 inches; this means the
LSC requirements in terms of means of egress.

The measurement for existing door assembly shall be taken with the door leaf in the fully open
position.

Projections are not allowed into the clear opening width for a door lower than 34 inches above
the floor. Projections between 34-inches and 80-inches above the floor cannot exceed 4-inches
into the clear door opening width. This provision allows for the door hardware to be in the clear
opening width.

2) Floor Level

The elevation of the floor surfaces on both sides of a door opening shall not vary by more than %
in (13 mm). The LSC requires that the elevation of the floor surfaces to be maintained on both
sides of the door openings for a distance not less than the width of the widest leaf.

Thresholds at door openings shall not exceed % in at door openings shall be beveled with a slope
not steeper than 1 in 2.

For the Recreation Center, where the door opening discharges to the outside or to an exterior
balcony or exit access, the floor level outside the door opening is permitted to be one step lower
than that of the inside, but shall not be more than 8 in lower. [Reference LSC Section 7.2.1.3.1]

3) Swing and Force to Open

Any door assembly in a means of egress installed in the Recreation Center shall meet
requirements of LSC Section 7.2.1.4. The door in a meand of egress shall be of the side-hinged or
pivoted-swinging type, and shall be installed to be capable of swinging from any position to the
full required width of the opening in which it is installed; and in the direction of egress travel
where serving an occupant load of 50 or more persons.

The recommended forces required to fully open a door leaf manually in a means of egress
prescribed in the LSC, shall not exceed (when applied to the latch side):

o The opening force for the interior-side of swing doors without closures cannot exceed
5 pounds

o For other side-swinging, sliding and folding door, the door latch shall release when
subject to a 15 Ibf (67 N).

o The door shall be set in motion when subject to a 30 Ibf (133 N)

The door shall open to the minimum required width when subject to a 15 Ibf (67 N)

o The opening forces for existing door leaves in existing buildings shall not exceed 50 Ibf
(222N).

(@]
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4) Door Leaf Encroachment

To avoid door leaves to protrude into the required corridor width, in general rooms/spaces in the
Recreation Center have door leaves that swing within a recessed pocket of the corridor and
provide clear passage through an exit access corridor; as it shown in figure 2-23 below. In
additional, for those doors that swing into corridor leave at least one-half of the required corridor
width unobstructed during the entire swing and project not more than 7 in (180mm) in the
required width of a corridor or passageway when fully open; as required in LSC Section
7.2.1.4.3.1.

Door fully
open
<180 mm) [
\ \ =7 in.
\""‘ H\k;fu\ <180 mm)
— - § .
f £ Exi e
S - == Bt
o5 access N
T =

L

Figure 4-20: Extract from LSC: Door-Leaf Encroachment
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Figure 4-21: Extract from Rec Center 2™ floor plan: Recessed Pocket Corridor

Surface-mounted latch release hardware on the door leaf are not included in the maximum 7 in
(180 mm) projection requirement as the hardware is mounted to the side of the door leaf that
faces the corridor, passageway when the door leaf is in the open position; and the hardware is
mounted not less than 34 in (865 mm) and not more than 48 in (1220 mm) above floor.

Where pairs of door leaves are used, in a means of egress, such as the main GYM exit doors in
the Recreation Centre, one of the following criteria shall be met:

o Each leaf of the pair shall be provided with a releasing device that does not depend
on the release of one leaf before the other

o Approved automatic flush bolts shall be used and arranged such that:
= The door leaf equipped with the automatic flush bolts shave no doorknob or
surface-mounted hardware
= Unlatching of any leaf shall not require more than one operation

5) Locks, Latches, and Alarm Devices

It was said that the main entrance and some offices are locked overnight; that is permitted by
the LSC provisions 7.2.1.5. Door leaves in the Rec Center shall be then arranged to be opened
readily from the egress side whenever the building is occupied; locks when provided, shall not
require the use of a key, a tool, or special knowledge or effort for operation from the egress side.

For the exterior door assemblies, main entrance and exit, the following will apply:
o Avreadily visible, durable sign in letters not less than 1 in (25 mm) high on a contrasting
background that read as follows is located on or adjacent to the door leaf: THIS DOOR
TO REMIAN UNLOCKED WHEN THE BUILDING IS OCCUPIED.
o The locking devise is of a type readily distinguishable type when the door is locked.
o Akeyisimmediately available to occupant inside the building when it is locked.
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6) Access-Controlled Egress Door Assemblies

The Rec Center is equipped with entrance and egress access control system for access to the
facility beyond the reception area; where the entrance controlled devices prevent access from
the outside of the building and requires approved students (registered students to use the
facility) and center’s staff members magnetic cards to open. Other exterior doors are not
equipped with such devices, but are equipped with panic exit or fire exit hardware. The
application of such access-controlled egress are permitted by the LSC as long as the following
provisions of LSC 7.2.1.2.6 are met:

o A sensor shall be provided on the egress side, arrange to detect an occupant
aproaching door leaves that are arranged to unlock in the direction of egress upon
detection of an approaching occupant or loss of power to the sensor.

o Door leaves shall be arranged to unlock in the direction of egress from a manual
release device located 40 in to 48 in (1050 mm to 1220 mm) veritcalle above the floor
and within 60 in (1525 mm) of the secured door openings. The manual release device
shall be readily accessible and clearly identified by a sign that reads as follows: PUSH
TO EXIT

o The door leaves shall remain unlocked for not less than 30 seconds

o Door leaves shall automatically unlock in the direction of egress at the activation of
the building fire alarm system, and shall remain unlocked until the fire —protective
signaling system has been manually reset

o Activation of the building automatic sprinkler or fire detection system, if provided,
shall automatically unlock the door leaves in the direction of egress, and they shall
remain unlock until the fire-protective signaling system has been manually reset.

7) Panic Hardware or Fire Exit Hardware

The LSC requires that any door in a means of egress from area having an occupant load of 100 or
more persons to be provided with a latch or lock only if the latch or lock is panic hardware or fire
exit hardware complying with section 7.2.1.7. The rooms/spaces, with occupant load of 100 or
greater, have their doors equipped with approved panic hardware or fire exit hardware.

The LSC defines the following terms:

o Fire exit hardware is a door-latching assembly incorporating an actuating member or
bar that releases the latch bolt upon the application of a force in the direction of
egress travel ,and additioanlly is tested and listed for use on fire-rated door assemblies

o Panic hardware is a door-latching assembly incorporating an actuating member or bar
that releases the latch bolt upon the application of a force in the direction of eress
travel, and is not tested or listed

Where the panic hardware or fire exit hardware are installed in the Rec Center, they are not less
than 30in (760 mm), and not more than than 48 in (1220 mm) above the floor. These devices are
required to be constructed so that a horizontal force not to exceed 15 Ibf (66 N) actuates the
cross bar or push pad and latches.
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These door assemblies are not equipped with any locking device, set screw, or other
arrangement, such as locks, padlocks, bars, chains or any combination of these, that prevents the
release of the latch when pressure is applied to the releasing device; and are required not to have
devices that hold the latch in the retracted position in compliance with LSC Section 7.2.1.7.4.

8) Self-Closing Or Self-Latching Door Leaf Operation

The exterior main-entrance door assemblies are self-closing and are provided with power-
assisted manual operation. The LSC allows the use of such self-closing or self —latching door leaf
operation in the means of egress, as per provisions 7.2.1.9.2; when the following criteria are met:
o The door leaves can be opened manually to allow egress travel in the event of power
failure
o Door leaves held open for any period of time close, and the power-assist mechanism
ceases to function upon operation of approved smoke detectors

9) Inspection of Door Openings

It is required by the LSC that door assemblies for which the door leaf is required to swing in the
direction of egress travel to be inspected and tested not less than annually in accordance with
Sections 7.2.1.15.2 through 7.2.1.15.8

10) Stairs

Interior and exterior stairs to a building are recognised as very important as they serve multiple
functions, such as allowing normal occupant movement among the floors of a building, providing
emergencyegress in case of fire, and facilitating rescue and fire control operations conducted by
fire fighters.

Unclosed stairs in the Recreation Center serve as exit access and they are not considered as exits.
In accordance with the LSC, the stairways in the Recreation Center are required to meet the
minimum requirements applicable for existing as shown in figure 2-25:
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Table 4-13: Existing Stairs Dimensional Requirements

Table 7.2.2.2.1.1(b) Existing Stairs

Dimensional Criteria

Feature ft/in. mm

Minimum width clear of all 36 in. 915
obstructions, except projections
not more than 4, in. (114 mm)
at or below handrail height on

each side
Maximum height of risers 8 in. 205
Minimum tread depth 9 in. 230
Minimum headroom 6 ft 8 in. 2030
Maximum height between landings 12 ft 3660
Landing See 7.2.1.3 and 7.2.1.4.3.1.

As shown in the calculations in Table 4-9; provided stairways inside the Rec Center meet the
minimum width requirements.

i. Stair Details
a. Construction

All stairs serving as means of egress in the Rec Center are required to be of permanent fixed
construction in compliance with LSC Section 7.2.2.3.1.1.

b. Landings

The follwoign LSC provisoins are applicable to existing stairs in the Rec Center:

o Stairs and intememediate landing shall continue with no decrease in width along the
direction of egress travel

o Landings shall not be required to exceed 48 in (1220 mm) in the direction of travel,
provided that the stair has a straight run

o A door assembly at the top of a stair shall be permitted to open directly to the stair,
provided that the door leaf does not swing over the stair and the door opening serves
an area with anoccupant load of fewer than 50 persons. The case of the stairs
connecing the second to the roof.
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o The maximum distance between floors without the use of an intermediate landing is
12-feet. A flight of stairs cannot have a vertical run of stairs greater than 12-feet
without reaching a landing a floor level or having intermediate landings.

Sloping treads and landings are intentionally used to avoid water accumulation on stairs.
However slope is limited to reduce the dimensional nonuniformity of the effective riser heights
and to reduce the chance of occupants slipping

c. Riser Height and Tread Depth

The figure below illustrate thread measurement in accordance with LSC Section 7.2.2.3.5.

Y

TN Tread depth

Curvature or
slope here can

further reduce Stable support
tread depth \

\_, 20 degrees

I 47 ////%\
\

Figure 4-22: Extract from LSC: Tread Measurements

Tabel 4-14: Extract from LSC: Existing Stairs Dimensional Details

Table 7.2.2.2.1.1{b) Existing Stairs

Dimensional Criteria

Feature ft/in. mm

Minimum width clear of all 36 in. 915
obstructions, except projections
not more than 4% in. (114 mm)
at or below handrail height on

each side
Maximum height of risers 8in. 205
Minimum tread depth 9 in. 230
Minimum headroom 6 ft 8 in. 2030
Maximum height between landings 12 fi 3660
Landing See 7.2.1.3 and 7.2.1.4.3.1.
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The typical stairs in the Rec Center are illustrated in figure 2-28 below:

Typical minimum clear width: 36 inches

Typical maximum riser height : 6 inches

Typical maximum tread depth: 14 inches

Equipped with a slip-resistant nosing width: 3 % inches

Figure 4-23: Typical Stairway Details in the Recreation Center

d. Dimensionsal Uniformity

Many accidents have resulted from irregularitites in stair geometry from one step to an adjacent
step or over an time run of stairs. The LSC permits variation due to construction, provided that
the variation between adjacnet treads or adjacent treads or adjacent risers does not exceed 3/16
in (4.8 mm) and that the difference between the largest and smallest riser, as well as the
difference between the largest and smallest tread, in any flight of stairs does not exceed 3/8 in
(9.5 mm)

ii.  Guards and Handrails

All stairs in the Center are equipped with guards (handrails) along the open sides of means of
egress pahts where there is a vertical drop of at least 30 in. (760 mm).
The handrails provided meet the following requirements:
o They shall be provided within 44 in (1120 mm) of all portions of the required egress width
o Such stairs shall not have their egress capacity adjusted to a higher occupant load than
permitted by the cpacity factor in Table 7.3.3.1 if the stair’s clear width between
handrails exceed 60 in (1525 mm)
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Stairs and ramps are required by the LSC to be installed with handrails on both sides of stairs. LSC

Section 7.2.2.4.1.2 requires, in addition to the handrails required at the sides of stairs, the
following provisions to be met by the existing stairs:

o handrails to be provided within 44 in. (1220 mm) of all portions of the required egress

width; and such stairs shall not have their egress capacity adjusted to a higher occupant
load than permitted by the capacity factor in Table 7.3.3.1.

Handrails installed on stairways in the Recreation Center are typically 34 inches above the surface

of the tread, measured vertically to the top of the rail from the leading edge of the tread in
accordance with LSC Section 7.2.2.4.4.2; as shown in figure Figure 2-29.

(223119)

11/2" DIA. GALV. METAL 0-5 12"
PIPE HANDRAIL WELDED

TO POSTS WITH 1/4”
GALY. METAL PIN

— —EL.
(223119) I~
173" GALY. METAL ——__
BAR POST AT 48" O.C. ~
- SETIN GROUT N

- 10"

(033000 )
CONCRETE CURB

: NOTE: GRIND ALL EDGES
o ANDWELDS SMOOTH
BEEFORE GALVANIZING

SECTION

r— —
L — —

Figure 4-24: Typical Handrail Details for the Recreation Center
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Figure 4-25: Typical Stair Section Details of Installed Stairways in the Center
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Handrails shapes can be:

o Circular cross section with an outside diamter of not less than 1 % in (32 mm) and not
more than 2 inches (51 mm).

o Shape that is other than circular with a perimeter diamension of not less than 4 in. (100
mm), but not more than 6 % in. (160 mm), and with the largest cross sectional dimension
not more than 2 1/4in (57 mm), provided that graspable edges are rounded so as to
provide a radius of not less than 1/8 in (3.2 mm)

As shown in figure 4-26 above; handrails are of circular shape and of 1 % in diameter; this design
allows a firm grasp with comfortable grip; the fingers of the hand have sufficient space to point
downward in a natural grasping position without encountering the handrail bracket.

Provided guards on the staris are 42 in. high in accordance with LSC provisions 7.2.2.4.5.2: “
Guards shall not be less than 42in. (1065 mm) high...”

iii. Headroom

Means of egress shall be designed and maintained to provide headroom in accordance with LSC
section 7.1.5.1; such headroom shall be not less than 7 ft 6 in (2285 mm), with projections from
the ceiling not less than 6 ft 8 in (2030 mm) with a tolerance of -1/4 in (-19mm) above the finished
floor, unless otherwise specified by the following:

o The ceiling height shall be not less than 7 ft (2135 mm) from the floor, with projections
from the ceiling not less than 6 ft 8 in (2030 mm) nominal measured vertically above a
plane parallel to, and tangent with, the most forward projection of the stair tread.

P = 5
THEIN. 6 ft8in.

(2285 mm) (2030 mm)

}

1

6 ft 8in.
- sﬂTs 2030 Trn_l
(22B5 mm) (2030 mm)

I+ |

Figure 4-27: Extract LSC: Headroom Measurement
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iv.  Separation and Protection of Outside Stairs.

The second floor is equipped with four outside exit stairs that are not required to be separated
from the interior of the building by fire rated construction in accordance with LSC Section
7.2.2.6.3, which stipulate that:

©)

In existing buildings, existing outside stairs serving three or fewer adjacent stories,
including the story where the exit discharges, shall be permitted to be unprotected where
there is a remote located second exit.

Outside stairs in existing buildings protected throughtout by an approved, surpervised
automatic sprinkler system in accordance Section 9.7 shall be permitted to be
unprotected.

11) Ramps

Ramps are permitted as a part of a means of egress and are preferred over stairs under some
circumstances.

There are three ramps installed in the Recreation Center, they have all to meet LSC requirements
for existing ramps as permitted by the LSC Section 7.2.5.2:

@)
@)

The slopes shall not be steeper than 1in 6

Ramps with slopes not steeper than 1 in 10 shall not be required to be provided with
landings.

Minimum width to be 30 in (760 mm)

Maximum height between landings 12 ft (3600 m)

i.  Ramps Constructions

The ramps installed meet the following constrcution requirements:

O

They are part of exit access and are made of permanent fixed construction for Type I.
The ramp floor and landings are solid and without perforations

They have landings located at the top, at the bottom, and at door leaves opening onto
the ramp

The change in travel direction are made only at landings, and

Ramps and intermediate landings shall continue with no decrease in width along the
direction of egress travel

Guards and handrails are provided along both sides of a ramp run with a rise greater than
6 in.(150 mm). The height of handrails and guards are measured vertically to the top of
the guard or rail from the walking surface in accordance with LSC provisions 7.2.5.4.3
The surface of ramps are kept slip-resitant and outdoor ramps are designed such that they
minimize water accumulation on walking surfaces.
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Figure 4-28: Typical Ramp Details

HUMAN BEHAVIOR IN FIRE

A.

OCCUPANT CHARACTERISTICS

The selected occupant characteristics include individual physical, cultural, and psychological
characteristics and also factors of the occupant’s primary group relative to the occupational /
cultural setting of the fire. The fire environmental impact includes the evaluation of the
susceptibility of the occupants to the heat, flames, smoke, and toxic gases created by the fire
incident relative to the locations of the fire effects and the occupants within the Recreation

Center.

The following were identified as applicable characteristics of occupants that will influence the
egress times of occupants out of the Recreation Center in fire emergency conditions:

a)

b)

Occupant number and density: The occupant load calculation has shown that the facility
can house more than 4000 people. However the density of occupation is lower due to the
large occupiable area of the facility. Even though the density is lower, it is however not
evenly spread out the building, hence some spaces/rooms might have much higher
density than others. So these factors will affect egress times.

Distribution and Activities: The center has equipment for different types of physical
activities, for groups or individual activities. From 15t floor to 2" floor; occupants will react
differently to evacuation cues depending on the location and activity performed. As an
example, 2" floor has rooms for Yoga / meditation; reaction times of occupants engaged
in Yoga activities will be sensibly different from people using cardio machines; in Yoga
activities, people might not be as aware of their surroundings as those engaged in cardio
activities.
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c) Familiarity and Alertness: Students using the facility are in general alert and many are
returning students who have used the facility before and are well familiarized with the
egress path; assistance is always available for new students.

d) Physical and cognitive ability: Even though the majority of students using the facility are
assumed to be able bodies; the facility can accommodate students with physical
impairments. Egress for student with mobility impairments will require assistance during
evacuation in fire emergency conditions.

e) Social affiliation, role and responsibility: depending on social ties amongst students using
the facility, whether they are from same sport teams or simply from same study classes;
their social connections will affect their evacuation reaction times. Several studies have
shown that people tend to regroup or discuss the occurrence instead of evacuating
immediately upon hearing of fire alarms.

f) Role and Responsibility: How well staff members (fire wardens) are trained for emergency
fire evacuations and how well they will be able to get involved in orientating facility users
during a fire emergency will impact on the egress time. In general, students will not feel
that it is their responsibility to take care of other students; they might delay their egress
just waiting to be told what to do next.

g) Commitment and focus: related to activity someone is involved with at the time of a fire
emergency; would he/she be committed to complete the task at hand or immediately
he/she will react in order to egress?

h) Gender, culture and age: Female students might react differently to male students, as
shown in different studies; males have fire-fighting tendencies while females tend to
reach out for help first; the age might be a factor too, link to role and responsibility, senior
students might feel compelled to assist junior students.

i) Effectiveness of different cues: Alarm devices might sound confusing to occupants if not
accompanied by specific actions to be taken as alarm alone do not say what to do when
they go off; the emergency voice evacuation system installed in the Rec Center will
definitively be effective than just sounding fire alarms.

B. FACTORS AFFECTING PRE-MOVEMENT TIME
There are factors that affect pre-movement times, which are related to the perception of a
fire incident by individuals; summarized from Withey’s work presented by Dr. Bryan (SFPE

Handbook Chapter 3-11):

a) Recognition: A process by which an individual perceives the ambiguous fire cues
as indicative of an emergency fire situation, thus becomes aware of the fire.
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b) Validation: A process by which an individual attempts to validate an initial
perception of the fire cues, primarily by seeking verbal reassurance of the minor
and insignificant character of the fire incident; individual tries to obtain more
information when the initial cues are ambiguous.

c) Definition: a process by which an individual attempts to relate the information
concerning the fire to the perceived and contextual variables, including the
qualitative nature of the fire to his/her location. How large is the fire, how he/she
can survive in those specific conditions.

d) Evaluation: the individual’s process of evaluating the fire incident in terms of how
he/she can respond to the threat. This combines psychological and physiological
mechanisms that an individual develops to cope with the fire incident, reduce
his/her stress and anxiety levels. Obviously the individual needs to accomplish this
process in a very short of times.

e) Commitment: a process by which an individual develops mechanisms to initiate
the behavior required to fulfill defense plans conceptualized in the evaluation
process. If the response strategy developed is not completed, the individual
becomes immediately involved in the cognitive process of reassessment and
commitment.

f) Reassessment: a most stressful process, with high anxiety levels, as an individual
reassesses and overcommits because failure previous attempts to achieve the
formulated response strategies. He/she will carry on the process over and over as
long as he/she feels still not out of danger.

Recognition

Heassassment

Figure 4-29: Extract from SFPE Handbook: Decision Processes in a Fire

Culminating Project Report — AM Spring-2014 118



C. PRE-MOVEMENT ACTIVITIES AND TIMES

The egress delay times might be minimized by the following factors observed at the
Center:

o Anapproved fire alarm system is installed in the Center, and equipped with a voice
evacuation system,
The Center is equipped throughout with well illuminated interior exit signs,
The Center construction has no complexity enclosures,
The occupant load distribution is spread out, hence low density;
Fire drills are performed on a continuous basis; and
Occupants are awake and alerted
Assistance on evacuation procedures is always available from trained staff
members.
The assumption made is that users of the facility are students with a considerable level of
understanding of the harms that can be caused by a fire condition. The Rec Center
management organized fire drills at least one per trimester; that means it is probable that
many of the students using the facility have been involved at least once in a fire drill or
fire safety awareness, where they have learned to recognize the alarm sounds and to
locate the closest exits depending on their location in the Center.
However it is known that fire behavior in reality or real fire emergency is completely
different to set up scenarios in a fire drill.

o O O O O O

As the characteristics of occupants were discussed in part A of this chapter, the following
pre-movement activities may be associated with users of the Rec Center in a fire
emergency:
o Some students will try to get dressed in different attires, at least over cover their
sport-appropriate clothing
o Some students will attempt to collect their personal belongings left in secured
closet
o Some students will attempt to associate in their respective social circles
o Some students will attempt to notify or discuss with each other.
o Some students might ignore the initial fire cues and continue with their exercise
routine
o Some students might completely be lost by their emotions and fail to follow
specific instructions from fire wardens
o Staff members might attempt to shutdown computers, collect their belongings

The pre-movement at the Center is estimated to be 0.5 min to 1 min, mostly recorded for people
using the swimming pool and women locker rooms; as they tend to dress up before attempting
an evacuation. The pre-movement time of people using the swimming pool is not of much
concern because the pool is outside, on open air and out of smoke danger.
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Calculations of time of evacuation will take into account factors discussed above when
estimating delay time.

EMERGENCY MOVEMENT

Prediction of evacuee movement is an essential component of performance-based fire safety
analysis. It is said that safe egress from fire is achieved when the required safe egress (RSET) is
sufficiently shorter than the available safe egress time (ASET) defined as time when fire-induced
conditions within a building become untenable.

Evacuation process is not simply a matter of initiating an evacuation and then controlling the
ensuing hysterical crowd response; instead, it is now considered as a more complex event in
which people’s responses are sensitive to the incident, the information available, and the local
conditions. There are many factors that influence human behavior in fire and hence, influence
the engineering methods to assess of egress performance.

The factors that can influence behavioral response in fire, and hence influence egress
performance are not limited to: active fire protection system, emergency training, distribution
and size of population, nature of population, lighting levels, loss of routes, building type,
complexity, occupant location, and occupant fatigue, motivation, physical abilities/limitations.

Several approaches have been developed to establish or estimate evacuation time form a
building. For our egress assessment, the evacuation time estimation will be established using the
first order hydraulic model approach.

The building information required in the time estimation are summarized as follows:

building number of floors: 2

number of occupants of second floor: 1920 people
floor to floor height: 12 ft

number of stairs: 8

Width of Stairs: varies; see table 2-3

Number of landings per floor of stairway travel: 3
Number and width of ramps: 2 of 44 inches

© O O O O O O

The following assumptions were used in the process:

o Provided stair risers at the Center are 6 inches and tread depths are 14 inches; these
values are not included in the published tables used in the egress estimation; for the
purpose of this project, tabulated values of stair risers of 6.5 in and treads of 13.5 in
would be used in calculations for simplicity.

o All building occupants start to evacuate same time

Occupants will use the exits in an optimum balance

o Occupant flow does not involve interruptions caused by evacuee decisions

o
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o The occupants, considered in the estimation, are free of impairments disabilities that
impede their movement
Following calculations were performed to estimate the Recreation Center building egress time:

1) Estimate Flow Capacity through exits

Table 4-15: summarizes calculations determining the prime controlling building
component:

Table 4-15: Flow Capacity Calculations

B
Exit Clear Ia‘;::dary Effective Effective SI\:Ioae):ific Flow .
Component width Widths V.Wdths Widths Flow Capa.uty
(in) (inches)  (ft) (P/minsfy) | (P/min)
Stairs
1 84 12 72 6 21.2 127
2 76 12 64 5 21.2 113
3 96 12 84 7 21.2 148
4 96 12 84 7 21.2 148
5 106 12 94 8 21.2 166
6 84 12 72 6 21.2 127
7 78 12 66 6 21.2 117
8 87 12 75 6 21.2 133
Ramps
1 44 16 28 2 24 56
2 44 16 28 2 24 56
Doors
1 36 12 24 2 24 48
2 36 12 24 2 24 48
3 72 12 60 5 24 120
4 72 12 60 5 24 120
5 72 12 60 5 24 120

The stairway doors are shown to be the prime controlling factors; therefore the flow capacity
through stairway doors will be used in the time estimation calculations.

Boundary layer widths and Maximum specific flow values are obtained from NFPA Handbook
Table 4.2.4 and 4.2.8 respectively.
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Table 4-16: Extract from NFPA Handbook-Boundary Layer Widths

TABLE 4.2.4 Boundary Layer Widths J
Boundary Layer
Exit Route Element in. C
| Stairways—walls or side of tread .00 15]
Railings, handrails* 15 a
Theater chairs, stadium benches 0.0 0
|_Comidor, ramp walls 8.0 20)
Obstacles 4.0 10k
Wide concourses. passageways Up i 18 45
| Door, archways 6.0 15 |

*Where handrails are present, use the value if it resulls in a lesser
effective width.

Table 4-17: Extract from NFPA Handbook-Maximum Specific Flow

TABLE 4.2.8 Maximum Spedific Flow, F J

Maximum Specific Flow

FPersons’ FPersonst
mundfit af secim of
Exit Rowre Element Effective Widith  Effective Width
Corridor, Aisle, 24.0 1.30
Famp, Doorway
Stairs
Riser Tread
(i} (mm) {in) {mm])
15 (190 I (254) 17.1 054
7.0 (178) 11 2™ 185 1.01
6.5 (165) 12 (305) 2000 1.04
6.5 (165) 13 (3300 21.2 1.16

Source: Table 3-14.5, SFPE Handhook af Fire Protection Enpinesring,
3rd edition, 2002, Cowrtesy Society of Fire Protection Engineers.

2) Estimate speed of movement for estimated stairway flow:

S=k—akD
Where:
K = 242 [reference Table 4.2.5]
.a =2.86
D = maximum density = 0.175 P/m?
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t
S=k—akD =k(1—aD) =242x(1 — 2.86x0.175) = 121#

Table 4-18: Extract from NFPA Handbook-Constants for Evacuation Speed Equation

TABLE 4.2.5 Constants for Equation 2,

Evacuation Speed

Exif Rowle Element L k,

Cormridor, Aisle, Ramp, Doorway 275 140

Stairs Riser (in.) Tread {in.)
1.5 10 19 1.0H
7.0 11 212 1.08
A5 12 220 (T
6.5 13 242 1.23

Mote: 1in. =254 mm.

3) Estimate travel distance between floors

Floor-to-floor height = 12; conversion factor [Table 4.2.6] = 2.22
Landings: 3 x4 =12 ft

Therefore,
Travel Distance = (12 x 2.22) + 12 = 38.64 ft

Travel time for a person moving would be:

3864
= 121 = U min

Table 4-19: Extract from NFPA Handbook-Conversion Factors

TABLE4.2.6 Comversion Factors for Relating Line of Travel
Distance to Vertical Travel for Various Stair Configurations

Stairs Rixer Tread Comersion

fin. fmm i fin. fmm]) Factor
1.5 (190) 10D (254 1 66
70 (178 1LO(27T% .85
G5 165 17 00 305 208
6.5 (165} 130 (3300 222
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4) Estimate building evacuation time

If all occupants in the Rec Center start evacuation at the same time, each stairway can discharge
48 persons / min; for stairway doors as limiting components; assuming occupant load of a 1920
persons (maximum capacity) ; the slowest time for people to pass through all exit doors:

P
— - _1920 — ;
t= £ /(8x48) 5 minutes
Assuming that it takes 0.5 min for the first occupant to move from within the second floor to the
stair; it takes 0.32 min to travel from second floor to the exit; therefore the time of evacuation

for 1920 occupants would be estimated at:
t=054+0.32+4+5=5.82min = 6 min

In our discussions with the Center manager, Mr. Hossein Sedghi, he has confirmed that a fire drill
conducted on a very busy activity day (a day of a maximum building users plus staffs closer to
600 people), it takes almost 3 minutes to evacuate the entire building.

The manager comments on egress are very much in line with the theoretical approach discussed
in SFPE. Assuming Mr. Sedghi’s occupant load of 600 people, applying same process as above,
the building evacuation time would be:

P
__ _600 — ;
t= A /(8x48) = 1.56 minutes
Assuming that it takes 0.5 min pre-movement time, 0.5 min for the first occupant to move from
within the second floor to the stair; and 0.32 min to travel from second floor to the exit; therefore

the building evacuation time can be estimated at:

t=05+0.5+0.32+ 1.56 = 2.88 min = 3 min

This compares with the suggested evacuation time recorded during a fire drill on a busy day at the
Recreation Center.

COMPUTER SIMULATION

For my project building, amongst all currently available computer evacuation models, Pathfinder
would be used for the building egress time estimation. The choice is driven by the availability to
public and cost (at no cost under the 30-day-trial version).

Pathfinder is an emergency egress simulation that allows evaluation of evacuation models more
quickly and produce visual (3D animated) outputs.
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Figure 4-30: Extract from Theater Evacuation Pathfinder Model
Pathfinder is a computer evacuation model with the following features:

a) Background of Model:
i.  Developer: RIA Group — US
ii.  Validation: No validation documentation available to public

b) Model Characteristics:
i.  Availability: Available to public for free (30 day license) or on a consultancy basis
ii. Modeling Method: Movement model
iii.  Refinement of population: microscopic
iv.  Refinement of structure: fine network
v.  Refinement of behavior: does not simulate behavior
vi.  Output: visual output

The computer evacuation model has predicted 3 min for the evacuation of the Recreation
center; assuming a total attendance of 4865 people.

The results of the simulation of the evacuation of the Recreation Center is shown in figure 4-31.
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Exited: 297/4865

00 BVBQ U= ®1)

aused Time: 0:09 / 2:47 Framerate: 10.3 fps

Figure 4-31: Pathfinder Model for Recreation Center Building
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GOAL
To demonstrate that occupants in the Rec Center are protected against fire hazards.

OBIJECTIVES
To confirm that occupants in the Rec Center are able to evacuate safely and timely i.e. before
conditions become untenable during a fire emergency.

PERFORMANCE CRITERIA

Currently, there is not a single set of values for tenability criteria which is universally accepted.
The following performance criteria were adopted for the assessment of tenability conditions in
the Rec Center under selected scenarios.

a. Visibility:
Different fire researchers present different visibility values for safe fire escape.
Experiments have shown that evacuees begin to feel emotional instability in relatively
thin smoke. Depending on the degree of familiarity with the internal geometry of the
building on fire; Dr. Tadahisa Jin [SFPE Handbook §2-4] has proposed the following
limits:
- Unfamiliar with internal geometry: 13m allowable visibility
- Familiar with internal geometry: 4 m allowable visibility

It has been found through experiments that ability of evacuees to think clearly when
exposed to fire smoke decreases with increasing smoke density and by hot smoke. It will
be reasonable to propose a tenability limit of 5 m for allowable visibility measured at 2m
above walking floor.

b. Exposure to toxic gases:
Concentrations of asphyxiants (toxic gases) alone is not generally used by fire engineers
in assessing tenability conditions; rather considerations of tenability limits are based on
asphyxiant doses, which include concentrations and exposure duration. The time at
which the exposure dose of asphyxiant toxic gases reaches a level when occupants are
likely to become incapacitated, such that they cannot save themselves and are likely to
die unless rescued.
Studies have shown that exposure dose of carbon monoxide predicted to cause
incapacitation in most people to be 35000 ppm.min. Therefore for a 30 min exposure, a
limit CO concentration of 1167 ppm can be used as a conservative value.

Prof. Purser [SFPE Handbook §2-6] has proposed a CO concentration limit of 1400 ppm
for a 30 min exposure to cause incapacitation; therefore we propose a concentration of
1200 ppm {for 30 min exposure].
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Table 1l-1: Tenability Limits for Asphyxiants

Table 2: Tenability Limits for Exposures to Asphyxiants

5 MIN EXPOSURE
TATION DEATH TATION DEATH
Carbon Monoxide CO 6,000 ppm | 12,000 pprm | 1,400 ppm | 2,500 ppm
Hydrogen Cyanide CHN 150ppm | 250 ppm 90 ppm 170 ppm
Low Queygen O2F (Hypoxia) =13% <H% <12% =T%
Carban Dioxice COZ =>T% =10% 6% =%

c. Exposure to Heat/Temperature:

Exposure to a hot environment, especially if the humidity is high and the subject is active, might
lead to incapacitation and death due to hyperthermia; which implies a prolonged exposure
approximately 15 minutes or more to heated environments at ambient temperatures too low to
cause burns.

There are three basic ways in which exposure to heat may lead to incapacitation: through heat
stroke (hyperthermia), skin pain and burns, or respiratory tract burns.

A tenability limit of 60° C might be proposed for maximum temperature as thermal burns to the
respiratory tract may occur on inhalation of air above 60°C when saturated with water vapor. A
tenability limit for exposure of skin to radiant heat could be estimated at 2.5 kW/m?, below
which exposure can be tolerated for at least several minutes.

Table II-2: Heat Exposure and Tenability Limits

Table 1: Heat Exposure and Tenability Limits

Predonged expasure (mare

m’,ﬂ.‘h"fmm than 15 minutes) to heated B0°C- 120°C
arviranmanis
g Elmﬂ.ll'ﬂ 1o comvected haat n-
N N {dry air <10% water) »120°C

Exposure to comected heat

{water-saturated air) =60°C
Exposure 1o radiant heat > 25 kW/m2
Exposure to conducted
heat (contact with hat metal >E0°C
surface)

Respiratary tract burns (same as for skin burns) (sama as for skin burns)
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PROCESS SCHEMATIC

The performance-based analysis will the following process:

Figure Il-1: Performance-Based Analysis Schematic
What is “acceptable” is ultimately defined by the conditions where ASET is greater than the RSET.
The terms ASET and RSET are defined as:

v/ ASET: Available Safe Egress Time. This is time from ignition until building become conditions
become untenable. This will be demonstrated using FDS modeling.

v' RSET: This is time needed by occupants to evacuate from the building. This is determined by
addition of individual times associated with fire detection, alarm activation; pre-
movement and travel time obtained either from Pathfinder egress simulation or manual
calculations using SFPE proposed process.
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TENABLE CONDITIONS
ASET &

R S ET DELAY MOVEMENT TIME

™ 1.

| | ‘}
FIRE  ALARM  EVACUATION EVACUATION
BEGINS BEGINS COMPLETE

tRSET = Atdetectfion + Atalarm + Atpre—movementr + Attravel

Figure 1l-2: Tenability Acceptance Criteria

EGRESS TIME ANALYSIS ASSUMPTIONS
The following assumptions will apply to the determination time of travel:

v All building occupants start evacuation at same time

Occupants use the exits in an optimum balance

Occupant flow does not involve interruptions caused by evacuee decisions
Occupants considered are free of physical and mobility impairments

AR

DESIGN SCENARIOS

Several fire scenarios were envisaged for assessment, the figure 1I-3 depicts locations of the fire
scenarios postulated:

A concert fire in the main Gym

Floor mat fire in the martial arts studio
Storage area fire

Laundry room fire

Administrative office fire

Fire under fully extended bleachers

cCo0ocO0ood
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Climbing Park Perimeter Road

Ticket Office

""‘-l'l

Poly Escapes

Administrative Offices

Raguatball Courts

II]:I]I:II__"'__[I]:II]:[

FLOOR1

Figure 1I-3: Fire Scenarios on 1° Floor
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Maorth Gym
S

Upper Exercise Area

South Gym

Track Exercise &res

FLOOR 2

Figure II-4: Fire Scenario on 2" Floor

Figure II-5: Bleachers fully extended

Two scenarios were selected for assessment as most challenging with regard to the high potential
number of people who might be affected by a fire.

The following fire scenarios were selected:

e Scenario 1: Fire on a stage during a concert held in the main gymnasium
e Scenario 2: Fire under bleachers on second floor in the gymnasium

DESIGN FIRE SCENARIO 1: CONCERT FIRE

The following assumptions were made:

o 3900 people are in attendance
o An electric fault ignited:
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= Sound system equipment

= Three computers on the stage
Fire blocks South-West exit doors
No automatic fire suppression is available.
A ultra-fast growing t>-fire
Fuel properties: Mixed components

0O O O ©

Figure 11-6: Concert Fire Diagram
FUEL PROPERTY CALCULATION

Table II-3: Fuel Property Calculation

Equipment Type (Fuel) and Numbers Heat Release Rate (kW)
Musical keyboards: 2 2 x480=960
Computers (CPU+keyboards+mouse): 3 3x400=1200

Sound mixers: 2 2 x400 =800
Accessories: speakers, microphones, cables... 140

Total Heat Release Rate 3000

Soot Yield estimated for plastic materials (PU) 0.2

Due to a lack of published heat release rates of components included in scenario 1: sound mixers,
musical keyboard, speakers and other accessories mentioned above; computer test results were used as
benchmarks. For example, a musical keyboard was compared to two computer boards of 240 kW HRR
based. SFPE Handbook, Chap 3 and Table 3-4.16 for HRR and Soot yield values.

Figure II-7: Pyrosim Model-Gymnasium Concert Fire
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EGRESS TIME CALCULATIONS
P RSET Time Analysis

= Detection: Sprinkler activation time
++» DETACT prediction:
* Inputs: QRS; RTI= 50 (m.s)®); Actuation Temperature=155°F

* Time of activation: 232 s (4 min)

= (Gas temp Det temp ==HRR
90.0 10200.0
+ 9600.0
500 1 2900.0
70.0 . ,,f =, 7800.0
— + 7200.0
_. 060.0 pe 1 6600.0 —
= 50.0 EeoCadn” . 60000 =
a v /ﬂf / + 5400.0 =
= 400 — " [ 13000 &
i - =
= 00 -_.-_;_...-,-""' /,/ 1 ggggg T
20,0 |e—— = -+ 2400.0
= s
10.0 .
T
o -+ 600.0
0.0 0.0
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TIME (s)

Figure II-8: DETACT-Model: Concert Fire Scenario

* Sprinkler activation time excessive due to high roof; the fire would
be 10 MW at the time of sprinkler activation

* Fire detection by occupants (Manual fire box activation):
Estimated activation happened 30 sec after fire ignition

= Alarm: Time of activation of Notification Appliances = 10 s [NFPA72,§10.12.1]
= Pre-movement: [<3 min; SFPE-3™ edition, Table 3-13.1]: Estimated 30 sec

= Travel: Determined using Pathfinder simulator: 5 min [Steering Mode]
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Exited: 1907 /3900

Figure 1I-9: Pathfinder Model — Gymnasium Concert Fire

4 tRSET = Atdetection + Atalarm + Atpre—movement + Attravel

» ASET Time Analysis: Using FDS, tenability conditions need to be assessed
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= Visibility Assessment:

Smokeview 6.1.5 - Nov 22 2013 Slice
VIS _Soot
m

Visibility > 5 m @time = 10 min

Time and location
where visibility is
the lowest

Frame: 995

Time: 597.0

Figure 1I-10: Visibility — above ground floor bleacher top seats

mesh: 1

As shown in figure 1I-9, visibility measured at 2 m above ground floor is higher than the set
minimum criteria, measured 10 min after fire has started.

I Smokeview 6.1.5 - Nov 22 2013 . . Slice
Visibility = 5 m @ time = 5 min Vis_Soot

Time and location
where visibility limit
is reached

Frame: 503

Tine: 016 R I mesh: 1

Figure II-11: Visibility — 2 m above top seats on second floor
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= Carbon monoxide concentration

Smokeview 6.1.5 - Nov 22 2013 Slice
f_v_CO

“104-8

Frame: 987

Time: 5522 R | mesh: 1

Figure 1I-12: Carbon Monoxide Concentration-Concert Fire

Time and location
where toxic gas
concentration is
maximum

Highlighted black zone indicates the highest carbon monoxide concentration in the gymnasium

measured 10 min after fire occurred; this is much lower than the selected carbon monoxide

concentration criteria.

= Temperature

Smokeview 6.1.5 - Nov 22 2013 Slice

temp Time and location
& where temperature
is the maximum

Gagihasa
G

Frame: 995

Time: 5570 — mesh: 1

Figure II-12: General Area Temperature

The average hot gas layer temperature is under the selected maximum temperature limit.
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=  FDS Summary: Measured at 5 min

Table II-4: FDS Summary

Visibility Carbon Monoxide Temperature
Limit Minimum Value Limit Maximum Value Limit Maximum Value
5m

¥  taser = Atpps—visipitity= 5 Min < tgsgr [7 min]

LrseT > LaseT
Concert attendees are unable to evacuate safely and before conditions become untenable.
Two solutions could be recommended:

- Installation of mechanical exhaust system or,
- Improvement of egress time on the second floor

We select to recommend improvement of egress time on the second floor as most effective rather than
installation of mechanical exhaust system.

DESIGN FIRE SCENARIO 2: FIRE under BLEACHERS

The following assumptions were made:

o 926 people occupying second floor bleachers while those on first floor are still in retracted
position
o Fire intentionally set under bleachers:
= Gasoline used as fuel
=  Gasoline quantity 1000 mL
o Fire blocks one of the two exit double doors
o No automatic fire suppression considered available.
o A ultra-fast growing t>-fire

FUEL PROPERTY CALCULATION

Referring to NIST spill fire testing conducted for the National Institute of Justice (reference NIlJ report
604: Flammability and Combustible Liquid spill). Gasoline spill of 1 L produced a peak heat release rate
of approximately 770 kW as shown in figure 11-13:
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Thme ©) Figure II-13: Peak HRR for 1L gasoline spill fire

The following fuel properties were used in the simulation:

e Chemical formula: CsHas
e Soot yield: 0.1 [combined soot yield of gasoline and hardwood flooring]
e (COyield: 0.1 [Reference SFPE 3-4.16]

e Heat of Combustion:  42.4 MJ/kg [Reference SFPE

Figure II-14: Pyrosim Model-Fire under Bleachers
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EGRESS TIME CALCULATIONS
» RSET Time Analysis

= Detection: Sprinkler activation time
+» DETACT prediction:
* Inputs: QRS; RTI= 50 (m.s)(®>); Actuation Temperature=155°F

* Time of activation: 184 s (3 min)

—(5as temp Det temp =———HRR
0 50 100 150 200
90.0 ' ' | - 6000.0
BDD = —1 54%0
70.0 S - 4800.0
_ 60.0 ,/ 4200.0 —
= 50.0 - // - 3600.0 2
E a0 — e - 2400.0 £
' — __/ - 1800.0
20.0 + i g - 1200.0
10.0 - 600.0
0.0 ""’f' 0.0

0 20 40 60 80 100 120 140 160 180 200 220
TIME (s)
Figure II-15: DETACT-Model: Fire under Bleachers

* Sprinkler activation time excessive due to high roof; the fire would
be 5.2 MW at the time of sprinkler activation

* Fire detection by occupants (Manual fire box activation):
Estimated activation happened 30 sec after fire ignition

= Alarm: Time of activation of Notification Appliances = 10 s [NFPA72,§10.12.1]

= Pre-movement: [<3 min; SFPE-3™ edition, Table 3-13.1]: Estimated 30 seconds
due to the presence of trained fire warders

= Travel: Determined using Pathfinder simulator: 8 min
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Exited: 57/926

Figure 1I-16: Pathfinder Model — Fire under Bleachers

4 tRSET = Atdei:ection + Atalarm + Atpre—movement + Attravel
o RSET =30/, +10/,,+30/ /+8=10min

P ASET Time Analysis: Using FDS, tenability conditions need to be assessed

= Visibility Assessment:

Smokeview 6.1.5 - Moy 22 2013 glice
W15 _Soot
m

@time =5 min

Time and location
where visibility is
reached

Visibility =5 m

Frame: 371

Tne sao ] mesh: 1
Figure II-17: Visibility — 2 m above bleacher top seats

The highlighted area in black indicates location where minimum visibility limit is reached.
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= Carbon monoxide concentration

Smokeview 6.1.5 - Moy 22 2013 Slice
f_v_CO

Frame: 933

Time: 7165 [ — —

Figure II-18: Carbon Monoxide Concentration — Fire under Bleachers

Highest carbon monoxide concentration in the gymnasium measured 12 min after fire ignition; this is
much lower than the maximum carbon monoxide concentration criteria.

= Temperature

Smokeview 6.1.5 - Moy 22 2013 @time = 10 min Slice
Temperature = 60°C

Time and location
where temperature
limit is reached

=39 (K/m)

Frame: GGG

Tine: sss5 MM — e 1

Figure 1I-19: Hot gas layer Temperature

Ten minutes after fire ignition, the highlighted area indicates location where maximum hot gas layer
temperature is reached.

Culminating Project Report — AM Spring-2014 142



=  FDS Summary: Measured at 5 min

Table II-4: FDS Summary-Fire under Bleachers

Visibility

Carbon Monoxide

Temperature

Limit Minimum Value
5m

Limit

Maximum Value

¥ taser = Atpps—visipitity= 334 s (~5 min) < tggpr [10 min]

trseT >taseT

Limit

Maximum Value

Event attendees are not able to evacuate safely before conditions become untenable

We recommend enforcement of administrative control for occupancy loading of the gymnasium on

the second floor.
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CONCLUSION AND RECOMMENDATIONS

The culminating project report encompassed the study of the different aspects related to the fire
protection systems and life safety measures put in place at the Cal Poly student Recreation Center
building. This endeavor was a very beneficial experience that highlighted different features of fire
protection systems and the application of different code criteria.

The assessment was performed from information collected from as-built drawings and personal
interviews conducted with the Recreation Center personnel and the heads of the Environmental Health
and Safety, and the Electrical Services department on Cal Poly campus.

It is very important that all features of the fire protection systems associated with the Recreation Center
be properly maintained, inspected and tested in accordance with required approved codes and standards
in order for them to serve their vital, indispensable fire and life safety functions at all times.

The following recommendations are put forward to enhance safety of personnel and users of the Rec
Center:

v Safety factor improvement: ASET vs RSET:
o Reduction of egress time from second floor gymnasium:
= Training of personnel in life safety management
= Regular fire safety awareness campaigns for the entire campus
Performance re-assessment of installed sprinkler system in the gymnasium
Review enforcement of all administrative controls

Update document to reflect as-built conditions

DN N NN

Encourage further performance-based analysis of fire scenarios not analyzed in this report

APPENDIX

Appendix A: Recreation Center Floor Plans

Appendix B: Partitions and Penetration Enclosure

Appendix C: Fire Alarm and Detection As-built Drawings

Appendix D:  Water-Based Fire Suppression — Hydraulic Calculations
Appendix E: Recreation Center — Sprinkler Piping Arrangement
Appendix F: Recreation Center — Life Safety Drawings

Appendix G:  Recreation Center — Fire Safety Management Plan
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Copyright Notice:All drawings and written material appearing herein constitute the original and unpublished work of Pyro-Comm Systems, Inc. and the same may not be duplicated, used or disclosed without the express written consent of Pyro-Comm Systems, Inc.
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SUPERVISED TO THE PRINCIPAL POINT OF ANNUNCIATION. THE FIRE ALARM 24V POWER  PINK/PURPLE  (2) #14 STRANDED BOWER CKT. 2) #14 STRANDED 15 (19 SPEAKER/STROBE (WHITE) SENSOR 4S EXTENSION ~ TO BOTTOM
CONTROL PANEL TO SUPERVISE THE ANNUNCIATOR PANEL, ALL INITIATING P PU FIRE ALARM SPSW SYSTEM 4S DEEP BOX W/ 90" AF.F 7320—1653:201
AND INDICATING DEVICE CIRCUITS. 50 GRS - :
SPEAKER,/STROBE (WHITE) SENSOR 4S EXTENSION TO BOTTOM
18. ALL WIRING SHALL BE CUT FOR IN AND OUT. WIRING SHALL NOT BE YELLOW/BLUE _ (2) #12 STRANDED (2) #12 STRANDED » _ )
0P i eices e i RIW - R W @, DRI O g RS g EmaR W gy, o
PINK/PURPLE
19. POINT AND COMMON ANNUNCIATION AND T—TAPPING ARE PROHIBITED ”
. WEATHERPROOF SPSWK SYSTEM BACKBOX 90" A.F.F. 7320—-1653:201
(T-TAPPING IS ALLOWABLE ON ADDRESSABLE STYLE 4 SLC LOOPS). RED;/BLACK 1‘3.)95#}3“%’“{),.“2% g?pe#]r f.'.wf.TRTAJf.QEED 6 @wr SPEAKER/STROBE (WHITE) SENSOR PROVIDED TO BOTTOM
20. PROVIDE 3/4” CONDUIT WITH (2) DEDICATED TELEPHONE LINES WITH RJ-31X s su FIRE ALARM SCW SYSTEM 4S DEEP BOX W/ CEILING 7125-1653:186
PHONE JACKS FROM TELEPHONE BACKBOARD FOR OWNER PROVIDED CENTRAL 20 CEILING STROBE (WHITE) SENSOR 4S EXTENSION
STATION MONITORING LOCATED ADJACENT TO FIRE ALARM CONTROL PANEL.
NOTES: FIRE ALARM SCW SYSTEM 4S DEEP BOX W/ CEILING 7125-1653:186
21. THE ALARM SYSTEM SHALL HAVE AN AUDIBILITY OF NOT LESS THAN 15dB ABOVE ALL WIRE MODEL NUMBERS ARE WEST PENN. EQUIVALENT BY OTHER MANUFACTURER IS ACCEPTABLE. 3 CEILING STROBE (WHITE) SENSOR 4S EXTENSION
AMBIENT NOISE LEVELS, BUT NOT LESS THAN 75dBA THROUGHOUT AREA OF ALARM. ALL SHIELDED CABLE MUST HAVE SHIELDS CONNECTED THROUGH AND LANDED AT PANEL.
TESTING SHALL BE ACCOMPLISHED WITH A dB METER. WHERE APPLICABLE, ALL SQUARE INCH MEASUREMENTS ARE CROSS—SECTION AREA FOR CONDUIT FILLS 0 FIRE ALARM CEILING SCRK SYSTEM SA—WBBC CEILING 7300—-1653:187
AUDIBLE TONE SHALL BE TEMPORAL PATTERN. wp  STROBE (RED) SENSOR PROVIDED MOUNTED
22. FIRE ALARM CONTRACTOR SHALL PROVIDE AN IMPEDANCE METER AT THE TIME WI RE LEGEN D o8 15 FIRE ALARM WALL SW SYSTEM 4S DEEP BOX W/ 90" A.F.F. 7125-1653:186
OF FINAL INSPECTION WHEN REQUIRED BY THE AUTHORITY HAVING JURISDICTION. @ STROBE (WHITE) SENSOR 4S EXTENSION TO BOTTOM
23. FIRE ALARM SIGNAL SHALL MEET ANSI S3.41, AUDIBILITY EMERGENCY EVACUATION \ : 3 30 FIRE ALARM WALL SW SYSTEM 4S DEEP BOX W/ 90" AF.F. 7125-1653:186
SIGNAL (TEMPORAL PATTERN) A ‘ V@ 2 STROBE (WHITE) SENSOR 4S EXTENSION TO BOTTOM
) mw—mm FIRE ALARM WALL SW SYSTEM 4S DEEP BOX W/ 90” A.F.F. 7125-1653:186
24, ALL CONDUITS ARE 3/4" UNLESS OTHERWISE NOTED. TR NO SCALE UL #W—L—1001 = UL #C—-AJ-1044 1 BN STROBE (WHITE) SENSOR 4S EXTENSION / TO BOTTOM
25. ALL DEVICES IN THE ALARM SYSTEM SHALL BE COMPATIBLE AND INSTALLED ' s F Rolings = 1. 2. 3 a1 4 Hr (see Homs 2 ond 3) 50T r m"’: N :’ 1":;‘3:-' _32;72;"“ K gy FIRE ALARM WALL SW SYSTEM 4S DEEP BOX W/ 90" AF.F. 7125—1653:186
PER MANUFACTURER'S SPECIFICATIONS. L Rating At Ambient — less than 1 c(.}l;u//sq he L L Rating At 400 F — less than 1 CFW/sq & - STROBE (WHITE) SENSOR 4S EXTENSION TO BOTTOM
ing - n aq W Rating — Class 1 (See Iltem 4)
26. SYSTEM SHALL BE FURNISHED AND INSTALLED BY A NESCO AFFILIATE AND FIRE ALARM SPCW SYSTEM 4S DEEP BOX W/ CEILING 7320-1653:201
AUTHORIZED NOTIFIER DISTRIBUTOR. 7 ® SPEAKER (WHITE) SENSOR 4S EXTENSION
27. FIRE ALARM SYSTEM INSTALLATION COMPANY SHALL BE UL LISTED (UUJS/UUFX). SECTION A-A SECTION A=A 3 (FB.0) SPRINKLER WATER F.B.O. F.B.O. F.B.O. VERIFY IN F.B.O. q J
1. Wall Assembly —— The 1, 2, 3 or 4 hr fire—rated gypsum wallboard/stud wall assembly shall be constructed of the materials and in the manner 1. Floor or Wall Assembly — Lightweight or normal weight (100-150 pcf or 1600—2400 kg/m3) concrete. Except as noted in table under ltem 4, min T FLOW - FBO FIELD . . R
28. TAMPER PROOF SCREWS OR OTHER APPROVED MECHANICAL MEANS SHALL BE ?:::‘;‘bed in the individual U300 or U400 Series Wall or Partition Designs in the UL Fire Resistance Directory and shall include the following construction thickness of solid concrete floor or wall assembly is 4—1/2 in. (114 mm). Floor may also be constructed of any min 6 in.(152 mm) thick UL Classified NOTE: E
USED ON ALL COVERS OF EXTERIOR ELECTRICAL JUNCTION BOXES IN LIEU OF installed, as tobuloted below: il e it Bl B o Bl sl i e ol el Ly B Pl Sl st 3 (F.B.0)) SPRINKLER VALVE F.B.O. F.B.O. F.B.O. VERIFY IN F.B.O. It thi le i t 1
ELECTRICAL SUPERVISION OF THE COVERS, PER THE 2007 NFPA72 6.8.5.11.1. A. Studs —— Wall framing may consist of either wood studs (max 2 h fire rated cssemblies) or steel channel studs. Wood studs to consist of nom Concrete Blocks* . Max diam of opening is in solid lightweight or normal weight concrete. Floor is 32 in. (813 mm). Max diam of opening in floor T TAMPER — F.B.O. FIELD thi lsh Scf 5 lfl rtloT S’ 1
huds To bo min -5/ . (83 > wide by 1-378 1n. (35 i) decp. sharnls spaced ok 24-In (810 rm) 06 [ o1 e e Seel € o rolewTeors proest ot ke @ 7 (178 J FIRE_ALARM N/A BY ELECTRICIAN  4S BOX VERIFY IN N/A © Theer B TR 7O TR
29. ELECTRICAL POWER SERVICE SHALL BE ON A DEDICATED BRANCH CIRCUIT(S) THE B. Gypsum Board* —— Nom 1/2 or 5/B in. (13 or 16 mm) thick, 4 ft. (122 cm) wide with square or tapered edges. The gypsum wallboord type, See Concrete Blocks (CAZT) and Precast Concrete Units (CFTV) categories in the Fire Resistance Directory for names of manufacturers. - JUNCTION BOX U.O.N. FIELD i E
CIRCUIT(S) AND CONNECTIONS SHALL BE MECHANICALLY PROTECTED (CIRCUIT thickness, number of layers, fastener type and sheet orientation shall be as specified in the individual U300 or U400 Series Design in the UL Fire 1A Steel Sleeve — Max 15 in. (381 mm) ID (or smaller) Schedule 10 (or heavier) steel sleeve cast or grouted into floor or wall assembly. Sleeve may
BREAKERS SHALL BE LOCKED IN THE ON POSITION WITH AN APPROVED MECHANICAL Resistance Directory. Max diam of opening is 26 in. (660 mm). extend a max of 2 in. (51 mm) above top of floor or beyond either surface of wall. Max 16 in. (406 mm) ID (or smaller) min 0.028 (0.71 mm) wall FATC FIRE ALARM N / A BY ELECTRICIAN 24 x 24 x 6 VERIFY IN N/ A
CLIP). CIRCUIT DISCONNECTING MEANS SHALL HAVE A RED MARKING, SHALL BE 2. Through—Penetrant —— One metallic pipe, conduit or tubing installed either trically or eccentrically within the firestop system. The annular thi:fkness ‘(‘;Lom"“") l‘f"""’"‘“‘ steel sleeve cast or grouted into floor or wall assembly. Sleeve may extend a max of 1/2 in. (13 mm) beyond either - TERMINAL CABINET U.O.N. FIELD A
ACCESSIBLE ONLY TO AUTHORIZED PERSONNEL AND SHALL BE IDENTIFIED AS ”FIRE space between pipe, conduit or tubing and periphery of opening shall be min of 0 in / (0 mrn) (point contact) to max 2 in. (51 rnrn) Pipe, Ool.ldl.lit surface o r or wail.
\ ’ or tubing to be rigidly supported on both sides of wall assembly. The following types and sizes of metallic pipes, conduits or tubing may be used:
ALARM CIRCUIT.” THE LOCATION OF THE CIRCUIT DISCONNECTING MEANS SHALL BE A. Steel Pips —— Nom 24 in. (610 mm) diom (or smaller) Schedule 10 (or heavier) steel pipe. 2 Through Penetrants — One metalic pipe. condutt or tubing to be installed elther concentrically or eccentricall within the firestop, system. Max annular L AF.F.  ABOVE FINISHED N/A N/A N/A N/A N/A
pace pip ng dge gh opening dep pa pac FLOOR
PERMANENTLY IDENTIFIED AT THE FIRE ALARM CONTROL UNIT.[NFPA 72,4.4.1.4.2] B. |a:n Pipsz - :om 2)4din°.h§31:) mm) diam (or smaller) service weight (or heavier) cast iron soil pipe, nom 12 in (305 mm) diam (or smaller) Boaror NoE assomby. The foveu :ftyt::?g:ndogggggo}sn?etglluc(opu:g‘ ’Z?.?éﬁ"i?%mfﬁ?’mi‘y"‘é‘e" spet 0 10 b roidly supported on bth sides of
or Class or heavier) ductile iron pressure pipe. 7
END OF LINE N/A N/A N/A N/A N/A
30. Uppggwgg MT%LE;'L%N A8'IFHSLRITT¢NSH.K/IIBH%TISSRQ%?CT.%?\ITIxﬁb T;'HEE CBOU'\:I%%I-OC?WI?EQU; C. Conduit — Nom 6 in. (152 mm) diam (or smaller) steel conduit or nom 4 in (102 mm) diam (or smaller) steel electrical metallic tubing A Steel Pipe — Nom 30 in. (762 mm) diam (or smaller) Schedule 10 (or heavier) steel pipe. - EOL RESISTOR / / / / / A
B. Iron Pipe — Nom 30 in. (762 mm) diom (or smaller) cast or ductile iron pipe.
COMPLETED AND SIGNED NFPA 72 CERTIFICATE OF COMPLETION. D. Copper Tubing —— Nom 6 in. (152 mm) diam (or smaller) Type L (or heavier) copper tubing o ot~ N5 e 15 ey i (o ey i st ot » EXISTING N/A N/A N/A N/A N/A A
31. SECTION 5.7.1.11 OF THE 2007 EDITION OF NFPA 72 STATES THAT £ Gopper Plpe == Nom © in. (182 mm) clam (or smale) Regulr (o heaver) copper poe D. Condut = Nom 4 n. (102 rom) diam (or smollr) stee slecrcal metalic tuing. - DEVICE
! ”DETECTOI‘?S- éH ALL NOT BE INSTALLED UNTIL AFTER THE CONSTRUCTION CLEANUP F. Through Penetrating Product* —— Flexible Metal Piping The following types of steel flexible metal gas piping may be used: E. Copper Tubing — Nom 6 in. (152 mm) diam (or smaller) Type L (or heavier) copper tube. FB.O FURNISHED BY N / A N / A N / A N / A N / A A
S/ERAELIRAJGQPTEE !AST %ahéplég% EAS'\_II_D OI:_IN_'I?‘I_IIE %Lcl;::l\'lttlll?':\(c;:ng V?/E_PLL%%E‘MEB'\ET POEI;;F%%\{\;%%S THAT }WNom 2 ilrlm. (51 rg:m) diam (or smaller) steel flexible metal gas piping. Plastic covering on piping may or may not be removed on both sides of F. Copper Pipe = Nom 6 in. (152 mm) diam (or smaller) Regular (or heavier) copper pipe. - A OTHERS
WITHOUT WRITTEN AUTHORIZATION THAT ASSUMES FINANCIAL RESPONSIBILITY FOR OMEGAO rF:;X l:::sem ’ 3. Packing Material — Polyethylene backer rod or nom 1 in. (25 mm) thickness of tightly—packed mineral wool batt or glass fiber insulation firmly packed A
itt;‘t: ;:’r::g ?hsic: r::srm;r?ot ':om.::gf&g (ll'::rt:'i‘o)l to be recessed from top surface of floor or from both surfaces of wall as required to accommodate L N / A NOT N / A N / A N / A N / A N / A
COSTS INCURRED. 2. Nom 1 in. (25 mm) diam (or smaller) steel flexible metal gas piping. Plastic covering on piping may or may not be removed on both sides of ) APPLICABLE A
ogellupinny thickress. 1 be_mataled symmetricalhy on oeth skies. oF el Hlush Wit well surtace, AL point contact.loaction betwesn penttiant and sieova. or_ betwosn UNLESS OTHERWISE N /A N/A N /A N/A N/A
GASTITE, DIV OF TITEFLEX aenetront and concrete, :ymin 1/4 in. (6 mm) diam bead of caulk shall be opplieci at top surface of floor and at l:»ot':\e‘1 surfaces of wall. The hourly F —_ U.O.N. NOTED / / / / /
;’;oo"‘.om 1 il? (25 r:m) diam (or smaller) steel flexible metal gas piping. Plastic covering on piping may or may not be removed on both sides of atings and the min required caulk thicknesses are dependent upon a number of porometers, as shown in the following table: & AS BUILTS 3/7/12 JC
or wall assembl. —
G E N E RAL N OT ES WARD NFG INC Min Boor | e P 1 e Amater | i cou . L VL VERIFY LOCATION N/A N/A N/A N/A N/A PER
3. Fill, Void or Cavity Material* — Caulk or Sealant —— Min 5/8. , 1—1/4,1-7/8 and 2—1/2 in. (16, 32, 48 and 64 mm) thickness of caulk for 1, Thkns In. Diam_In. Space In. Thkns In. | Rating Hr IN' FIELD PCO#551 12/06/11 BKR
bo gypaum boaraanetrant tefocs. o poet. contact location. an-both. s of wall e houry P Reting of the iestop syator e dependent pon. he T N R (I 728 O N A NP WEATHERPROOF N/A N/A N /A N/A N/A FIRE DEPT
gypsum i . i - — —.
. N , y — = — o WP .
APPLICABLE_CODES A5 OF AUGUST 1. 2009 e 0, e I o it o S 2 ok, e, o T i 1 e g e evnn 17z (i Ti720s ot =5 Gl (L DEVICE CouMENTS ___12/08/11 BKR
2007 California Administrative Code, Part 1, Title 24 Max Pipe o,(w;,u“ F Rating T Rating t:;g 8:3 :ﬁzgg gg:gg 2 gg ! gg 2 N NEW N/A N,/A N/A N,/A N/A ggﬁl&lEﬁ?SREVIEW 05,/10/10 MAL
Diam In (mm Hr Hr - — - = DEVICE
2007 California Building Code (CBC), Part 2, Title 24 NED) Tor2 or T or2 VRO L R M L o I L N CONME ISSUED FOR
(2006 International Building Code with 2007 California Amendments) 1 gg)z) -:' i ; g or 4 5-1/2 (140) [1/2-6 (13-152) [1-3/8 (35) |1 (25) (b) [4 ° CONDUIT DOWN N/A N/A N/A N/A N/A PLAN CHECK 02/29/10 JA
(a)Min 2 in (51 mm) thickness of mineral wool batt insulati ired i I . - o CONDUIT UP
2007 California Electrical Code (CEC), Part 3, Title 24 ?2(1(';3;) ? : ; g (:)Mi: 1 i: (25 ":n) thickne:s oof ::::ol :ool batt ::Jlob: ':‘:; ::no:n:uu:rs:iee on both sides of floor or wall assembly. Min 1 in.(25 mm) Rev Issued For Date By
(2005 National Electrical Code with 2007 California Amendments) +When copper pipe is used, T Rating is O h. thickness of caulk to be installed flush with each surface of floor or wall assembly. ) | - COMBINATION SMOKE/ F.B.O. BY MECHANICAL F.B.O. F.B.O. F.B.O.
3M COMPANY —— CP 25WB+ or FB-3000 WT - FIRE DAMPER (F.B.O.) \ y
2007 California Mechanical Code (CMC), Part 4, Title 24 3M COMPANY — CP 25WB+or FB—-3000 WT :
(2006 Unlform Mechonlcol Code WIth 2007 Collfomlo Amendments) ‘Beoring the UL Classification Mark (Note - W Roting opplies only when FB—3000 WT is used.) g EIEIDEICATEFDB POHONE F'B-O' FoB'Oo F'B'O' FoB'Oo N/A Pl’OleCt
Reprinted from the Online Certifications Directory with permission from Underwriters Laboratories Inc. - DU
2007 Collfornlo F're Code (CFC) Port 9 Ttle 24 Copyright@2006UnderwritersLaboratoriesInc.y® PO]LY
(2006 International Fire Code with 2007 California Amendments) C k]]-d
2007 California Referenced Standards Code, Part 12’ Title 24 FI RE STO P/TH RU — PE N ET RAT I o N D ETAI L SYM Bo I-S LEG E N D CALg:-I(_)ARr[\é|,t\JE(R/|_EYgSEI$YHN|C
PARTIAL LIST OF APPLICABLE NFPA STANDARDS: PYRO—COMM SYSTEMS. INC. WILL PROVIDE: SHEET DESCRIPTION SAN LUIS OBISPO, CA 93407
Dimensions of Insulated Conductors and Fixture Wires ’ ’ : STUDENT RECREATION
NFPA 13—Automatic Sprinkler Systems (2002 Edition) (Based on Table 5, Chapter 9, 2007 CEC) _ FAO.01 SYMBOL LEGEND, SHEET INDEX, SEQUENCE OF OPERATIONS,
NFPA 14-Standpipes Systems (2002 Edition) CONDUCTOR | 12 A | 14 GA | 16 GA | 18 A ZRENOTE TRANSPONDERS GENERAL NOTES, WIRE DESIGNATIONS, BUILDING INFORMATION e A
NFPA 72—National Fire Alarm Codes (2007 Edition) SIZE AWG | THHN/THWN [ THHN/THWN [ TFN/TFFN [ TFN/TFFN —REMOTE POWER SUPPLIES FA0.02 FIRE ALARM SYSTEM CALCULATIONS
- —AREA SMOKE/HEAT DETECTION wo. # : 2010035
AREA (i) | 0.0133 00087 | 00072 | 0.0055 —SMOKE DETECTOR ABOVE FACP & POWER SUPPLIES \ y
BUILDING CONSTRUCTION: TYPE 1B (NEW REMODEL) “oMOKE DETEGTION FOR DAMPER CLOSURE FA0.03 FIRE ALARM SYSTEM RISER DIAGRAM > 4
APPLICABLE CODES & STANDARDS TYPE 11-F.R. (EXISTING GYMNASIUM) ~DUCT SMOKE DETECTION FOR HVAC SHUTDOWN Sheet Title :
potal Areas of Ef°g;1°°'t Me’g"'gog;b'ggc) —ELEVATOR RECALL FA1.10 FIRE ALARM FLOOR PLAN — LEVEL 1 — AREA ‘A’
(Based on Table apter BUILDING OCCUPANCY: A3— GYMNASIUM WITHOUT SPECTATOR SEATS (NEW —ELEVATOR SHUNT TRIP FIRE ALARM
1/2" 3/4" 1” 11/4" 11/2" 2" REMODEL) —ELEVATOR HOISTWAY/MACHINE ROOM VISUAL SIGNAL? FA1.11 FIRE ALARM FLOOR PLAN — LEVEL 1 — AREA 'C’
ALARM SERVICE COMPANY CONDUIT [ CONDUIT | CONDUIT [ CONDUIT | CONDUIT | CONDUIT B— LOCKER ROOM/SHOWERS (NEW REMODEL) —AUDIBLE & VISUAL NOTIFICATION RlYFBIEWNIATl N
AND SERVICE CENTER : (257057-001 A2.1/B2 (EXISTING GYMNASIUM —MANUAL PULL STATIONS ~ ~ —
ADVANCED PROTECTION INDUSTRIES INC, DBA TOTAL AREA | 0.304 irf | 0.533 irf | 0.864 i? | 1496 in | 2,036 if | 3.356 irf o ¢ ) 'SEK&TKEL&N§$§$Q?AT'&'$N,TOR,NG il il el °© °©
NATIONAL MONITORING CENTER SUITE 2’50 40%Z FILL |0.122 in2 |0.213 i | 0.346 i | 0598 i | 0.814 i | 1.342 in? OCCUPANT LOAD: A2.1 (300 OCUPANTS WITHOUT STAGE) —DIALER FOR REMOTE MONITORING (24HR ATTENDED LOCATION) FA1.13 FIRE ALARM FLOOR PLAN — LEVEL 1 — AREA 'D’ ; <
iﬁ%%OVféjsooc‘,(',E"g’zei,%WY SPRINKLERED: YES *THIS IS A NEW FIRE ALARM SYSTEM SUBMITTAL. ALL FUTURE TENANT IMPROVEMENTS TO BE SUBMITTED AND FAT 20 FIRE ALARM FLOOR PLAN — LEVEL 2 — AREA ‘A Drawn By :
PHONE NUMBER: (800) 662—1711 . PROVIDED UNDER SEPARATE CONTRACT PLANS AND PERMITS. J. AREVALDO
: Maximum Number of Conductors in Trade Sizes of Conduit or Tubing NO. OF STORIES: 2
o o=2/23/10
(Based on 40% Conduit Fill per 2007 CEC) AREA OF BUILDING: 165.717 S.F ALL NEW ADDRESSABLE DEVICES WILL BE CONNECTED TO THE FIRE ALARM CONTROL PANEL INTELLIGENT LOOP. ALL FA1.21 FIRE ALARM FLOOR PLAN — LEVEL 2 — AREA C Cad File :
FILE-VOL. NO.  CCN . " " . . " = 165, -Fe VISUAL & AUDIBLE/VISUAL DEVICES WILL BE CONNECTED TO NOTIFICATION APPLIANCE CIRCUITS FROM THE FIRE ad rile MACAL POLY SLO\
CONDUCTOR | 1/2 3/4 1 11/4 1.1/2 2 ALARM CONTROL PANEL OR REMOTE POWER SUPPLIES, AND WILL BE SYNCHRONIZED IN ACCORDANCE WITH NFPA FA1.22 FIRE ALARM FLOOR PLAN — LEVEL 2 — AREA 'B’
S8126—1 UUFX SIZE AWG | CONDUIT | CONDUIT | CONDUIT | CONDUIT | CONDUIT | CONDUIT : RECREA
AREA OF WORK: 165,717 S.F. STANDARDS. ALL DEVICES ARE TO BE COMPATIBLE WITH THE HEAD—END EQUIPMENT AND OTHER DEVICES. ALL | FAO.OREC CTR-SYS |
DEVICES WILL HAVE A TEXTUAL DISPLAY ON THE FIRE CONTROL PANEL DESCRIBING TYPE OF DEVICE AND LOCATION.
LISTING CATEGORY 12 122 :g ig 1;’: ::’3 12;; PROJECT ADDRESS: CALIFORNIA POLYTECHNIC STATE UNIVERSITY FA1.30 FIRE ALARM FLOOR PLAN — ROOF PLAN oot Nt o
SAN LUIS OBISPO, CA 93407 IF THERE ARE ANY QUESTIONS REGARDING THIS SUBMITTAL, PLEASE CONTACT THE FOLLOWING @ (714) 902-8000: eet Number :
[SIGNAL AND FIRE ALARM EQUIPMENT AND SERVICES] 14 12 21 35 61 83 138 PROJECT ESTIMATOR: GENE KNUST—GRAICHEN (714) FA2.01 FIRE ALARM TYPICAL ELEVATIONS AND MOUNTING DETAILS
(PROTECTIVE SIGNALING SERVICES) CENTRAL STATION 2 o 5 26 2 o1 100 OWNER: CALIFORNIA POLYTECHNIC STATE UNIVERSITY PROJECT SUPERINTENDENT: GREG SHEWMAN
SAN LUIS OBISPO, CA 93407 ENGINEERING MANAGER: MARC LOPEZ FA2.02 FIRE ALARM TYPICAL WIRING DETAILS & PANEL CABINET LAYOUT
PROJECT ENGINEER: JOSE M. AREVALO F AO 01
MONITORING INFORMATION CONDUIT FILL CHART BUILDING INFORMATION SCOPE OF WORK SHEET INDEX N
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Copyright Notice:All drawings and written material appearing herein constitute the original and unpublished work of Pyro-Comm Systems, Inc. and the same may not be duplicated, used or disclosed without the express written consent of Pyro-Comm Systems, Inc.

2
ATTERY SIZI A l 02/23/12
CAL POLY SLO - STUDENT RECREATION CENTER BATTERY SIZING CALCULATION 12/07 /11 VOLTAGE DROP CALCULATION 12/06/11
MAIN FIRE ALARM CONTROL PANEL CAL POLY SLO - STUDENT RECREATION CTR CAL POLY SLO - RECREATION CTR
Standby  Total Standby Alarm  Total Alarm REMOTE POWER SUPPLY - RPS#5 « ELEC ROOM #208 SYSTEM SENSOR REMOTE POWER SUPPLY — RPS#3 @ ELEC ROOM #227
Quontity1 Elig;e 6?36 g;ﬂ;‘ gzgﬁbe;cps . ch’g&t, chgge&t) OC;gsegg OC;grseg; —  Standby Total Standby Alarm __ Total Alarm
- - w - . . . . . .
Quantity Device Type Model Number Current Current Current Current
1 NFS2—-640 KDM—R2 0.10000 0.10000 0.10000 0.10000 ' ); FCI;S—ZZQB FCPS—2458 0.06500 0.06500 0.14500 0.14500 IéBVéC; SIGNAL CIRCUIT SIGNAL CIRCUIT SIGNAL CIRCUIT SIGNAL CIRCUIT
. _ . : . . . v vio vt vi2 Y
1 Voice DVC&DVC—KD 050000 0.50000 0.50000 050000 2 S/S (Strobe ONLY) SPSW (15cd) 0.00000 0.00000  0.06600 0.13200 wwps) [ ar T ame T av T am | av T oo av T come o
32 Control Relay FRM-1 0.00026 0.00816 0.00650 0.20800 : : : :
2 S/S (Strobe ONLY) SPSW (30cd) 0.00000 0.00000  0.09400 0.18800 Speaker Sirabe Bircbe ONLY)
11 Duct Det DNR w/ FSP-851 0.00036 0.00396 0.00686 0.07546
7 S/S (Strobe ONLY) SPSW (75cd) 0.00000 0.00000  0.15800 1.10600 SPSW (110cd [ 0.202 5] 1.010] 5] 1.010] [ o.000] [ o.000] 10
2 Heat Det FST—851 0.00030 0.00060 0.00650 0.01300 ( ) : : - : :
: : : : : 4 S/S (Strobe ONLY) SPSW (110cd) 0.00000 0.00000  0.20200 0.80800 Speaker/Sirobe (WP Birobe ONLY) )
3 Monitor DIMM 0.00060 0.00180  0.03000 0.09000 4 S/S (WP Strobe)  SPSWK (75cd) 0.00000 0.00000  0.15800 0.63200 SPSWK__(75cd) [ o.158 [ 0.158] [ 0.000] [ 0.000] [ oooo] 1
4 Monit FDM—1 0.00075 0.00300  0.00640 0.02560 YO-UOIIII
onitor : : : : 4 Strobe SCW  (15cd) 0.00000 0.00000  0.06600 0.26400 Strobe
9 Monitor FMM—1 0.00035 0.00315  0.00500 0.04500 3 Strobe SW  (15¢d) 0.00000 0.00000  0.06600 0.19800 SW_ (15cd) 0.066 [ 0.066 0.000 0.000 0.000 i
13 Pull gtotgon mgg—: Sﬂx w/Pull Sta. 8~888§g g-gg;?g g-ggggg 8-?%22 1 Strobe SW  (30cd) 0.00000 0.00000  0.09400 0.09400 SYStemS, IIIC.
u ation - . . . .
TOTAL CURRENT ON_CIRCUIT 1.234 AMPS 1.010 AMPS 0.000 AMPS 0.000 AMPS
46 Smoke Det FSP—851 0.00030 0.01380  0.00680 0.31280 Standoy oo Alarm By Py —— pw— e = = Fire, Life Safety and Security
4 Pull Station NBG—12LOB 0.00000 0.00000 0.00000 0.00000 ) ' WIRE SIZE 12 AW.G " AVt;G 12 AW.G . Aw.G System Design and Installation
37 Speaker 25V Speaker — 1/2 Watt Tap0.00000 0.00000 0.02000 0.74000
1 Dialer UDACT 0.04000 0.04000  0.10000 0.10000 Standby Load: 0.065 Amps Alarm Load: 3.567 Amps CIRCULAR_MILS 6530 CIRC MILS | 6530 CIRC MILS | 6530 CIRC MILS | 6530 CIRC MILS C-10 #612153 ACO 3231
7 Relay PR—1 (Shutdown) 0.00000 0.00000  0.01500 0.10500 Total gtt‘“"ggy I'm:1| 1 §;|20UffH Total ::Grm E'mthrmuﬁ? VOLTAGE DROP 2.04 VOLTS 1.14 VOLTS 0.00 VOLTS 0.00 VOLTS CORPORATE OFFICE
ota an Qaa: . m ours ota arm 0aa: . m ours
23 Remote LED RA100Z 0.00000 0.00000 0.01000 0.23000 Yy P u P u VOLTAGE @ END OF CIRCUIT 1836 VOLTS 1026 VOLTS VOLTS VOLTS 15531 Container Lane
Standby 1'—88‘8’ Alarmnggg CIRCUIT LOCATION 2ND FLOOR 2ND FLOOR SPARE SPARE BATTERY SIZING CALCULATION 12/07/11 . |;|;Jztggztogoggagh%?fgggﬁggo1
) ) Batteries Provided:| (2) BAT-1270 | Avsileble Battery: 560 A.H. VOLTAGE DROP = TOTAL CURRENT x DISTANCE x 21.6 (714)902- (714)902-
s - CAL POLY SLO - STUDENT RECREATION CENTER
Standby Load: 1.008 Amps Alarm Load: 2.962 Amps Bott'ery Size: 7.00 A.H. Load (ALM + STBY) 245 AH. CIRC. MILS_ CIRCULAR MILS EXISTING REMOTE POWER SUPPLY SAN DIEGO REGIONAL OFEICE
o o i De—Rated Size(80%): 5.60 A.H. Spare Capacity 315 AH. 18 AWG = 1620 SR N NCV TE TWER AT T
Standby Time:| 24|Hours Narm Time:[ 6] Minutes oo N Mool oy L0 Reo. Center2010035[001 Poly 510 oo oS o oAt Aelontioa 16 AWG = 2580 VOLTAGE @ END = STARTING CIRCUIT VOLTAGE — VOLTAGE DROP Standby Total Standby Alarm Total Alarm 5115 Avenida Encinas Ste.G
Total Standby Load: 24.19 Amp*Hours Total Alarm Load: 0.74 Amp*Hours o T - ' 14 AWG = 4110 OF CIRCUIT Quantity Device Type Model Number Current Current Current Current Carlsbad, CA 92008
12 AWG = 6530 1 FCPS—-24S8 FCPS—24S8 0.06500 0.06500 0.14500 0.14500 T(760)930-6014 F(760)930-6015
LISTED CIRCUIT VOLTAGE = 24V 7 S/S (Strobe ONLY) SPSW (15cd) 0.00000 0.00000  0.06600 0.46200 \ v
Batteries Provided:[  (2) BAT-12380] Avalable Battery: 3040 AH. %m@me N CETT 2001 STARTING CIRCUIT VOLTAGE = 204V (85% LISTED VOLTAGE) 2 S/S (Strobe ONLY) SPSW  (75cd) 0.00000 0.00000  0.15800 0.31600 r \
Battery Size: 38.00 A.H. Load (ALM + STBY) 2493 A.H. OPERATING VOLTAGE _RANGE _FOR_24V_NOTIFICATION APPLIANCES TO BE 16V—33V 23 S/S (Strobe ONLY) SPSW (110cd) 0.00000 0.00000 0.20200 4.64600 NO T’ F’ ER
De—Rated Size(80%): 30.40 A.H. Spare Capacity 547 AH. | XP-1 DAA2-5025 « ELECTRICAL ROOM #136 File Name: M:Cal Poly SLO Rec. Center_2010035[Cal Poly SLO_Rec Ctr_RPS #3_VD.xisVD FORM 8 Strobe SW (15cd) 0.00000 0.00000  0.06600 0.52800
Fle Nome: MiCol Paly SLO Reo, Canter_2010038{Col Poly SLOReo Cir_Main FACR—BATT.xe]SotiCole Standby Total Standby Alarm  Total Alarm 2 Strobe SW  (30cd) 0.00000 0.00000  0.09400 0.18800 by Honeywell
Quantity Device Type Model Number Current Current  Current Current VOLTAGE DROP CALCULATION 12/06/11 Standby Load Alarm Load o
1 Voice DAA2-5025 0.40000 0.40000 0.50000 0.50000 CAL POLY SLO - RECREATION CTR 0.065 6.285 @ .
37 Speaker 25V Speaker — 1/2 Watt Tap0.00000 0.00000  0.02000 0.74000 SEMOTE POWER SUPPLY— RPS#4 © ELEC RoOM #1715 % NESCO Affiliate )
ATTERY SIZI A Tl 1 11 3 Speaker 25V Speaker — 1 Watt Tap 0.00000 0.00000 0.04000 0.12000 SYSTEM SENSOR Standby Load: 0.065 Amps Alarm Load: 6.285 Amps — 4
CAL POLY SLO - STUDENT RECREATION CENTER Standby Load Alarm Load Standby Time:| 24] Hours Alarm Time:[ 15| Minutes Signatures
REMOTE POWER SUPPLY - RPS#H ¢« ELEC ROOM #136 0.400 1.360 DEVICE | SIGNAL CIRCUIT SIGNAL CIRCUIT SIGNAL_CIRCUIT SIGNAL CIRCUIT Total Standby Load: 1.56 Amp*Hours Total Alarm Load: 1.57 Amp*Hours
Standby Total Standby Alarm Total Alarm i:gg Ve L. vi5 vie qry
Quantity Device Type Model Number Current Current Current Current Standby Load: 0.400 Amps Alarm Load: 1.360 Amps ( ) | o | cue ary | CURR. ary_| CURR. ary_| CURR. TOTAL STATE OF CALIFORNIA
1 FCPS—24S8 FCPS—24S8 0.06500 0.06500  0.14500 0.14500 Standby Time:| 24| Hours Alarm Time:[ 6] Minutes Spsws"“"““ Sc’ds") obe (Sirobe ONLY 0,066 T 0088 T o132 0,000 T B Batteries Provided:[  (2) BAT-1270| Avelable Battery: 560 A.H. LICENSED ELECTRICAL
1'S/S (Strobe ONLY) SPSW (15cd) 0.00000 0.00000 0.06600 0.06600 Total Standby Load: 9.60 Amp*Hours Total Alarm Load: 0.34 Amp*Hours SPSW (30cd) 0‘094 0:000 1 0:094 > 0:188 0:000. 3 Battery Size: 7.00 A.H. Load (ALM + STBY) 313 A.H. CONTRACTOR
1S/S (Strobe ONLY) SPSW (75cd) 0.00000 0.00000  0.15800 0.15800 SPOW (75cd) 0158 0316 o158 0.000 T E— De—Rated Size(80%): 5.60 AH. Spare Capactty 247 AH.
10 S/S (Strobe ONLY) SPSW (110cd) 0.00000 0.00000  0.20200 2.02000 SPSW (110cd) 0.202 2 0.404 1 0.202 1 0.202 1 0.202 5 File Name: M:Cal Poly SLO Rec. Center_2010035[Cal Poly SLO_Rec Ctr_RPS #EX_BATT.xls]BattCalc
5 Strobe SW  (15cd) 0.00000 0.00000  0.06600 0.33000 Batteries Provided:[  (2) BAT-12180| Avellable Battery: 1440 A.H. Sirobe
1 Strobe SW  (75cd) 0.00000 0.00000  0.15800 0.15800 Battery Size: 78.00 AH. Load (ALM + 8TEY) 994 AH. SCW_(15cd) 0.066 2[ 0132 T ooss 3 o8 5] osso| 11 EXP. 0o a1
Standby Load Alarm Load De—Rated Size(80%): 14.40 AH. Spare Capacily 446 AH. SCW  (30cd) 0.094 0.000 0.000 2 0.188 1 0.094 3 :
0.065 2.877 File Name: M:Cal Poly SLO Rec. Center_2010035[Cal Poly SLO_Rec Ctr_XP—1_BATT.xis]BattCalc SW  (15cd) 0.066 3 0.198 7 0.462 2 0.132 1 0.066 13
Strobe (WP)
Standby Load: 0.065 Amps Alarm Load: 2.877 Amps SCRK {15cd) 0.066 0.000 0.000 2 0.132 0000§ 2 L )
Standby Time:| 24|Hours Alarm Time:ljl Minutes n ] ™
Total Standby Load: 1.56 Amp*Hours Total Alarm Load: 0.72 Amp*Hours ATTERY SIZI A Tl 1 7/11 TOTAL CURRENT ON_CIRCUIT 1.116 AMPS 1.114 AMPS 1.040 AMPS 1.048 AMPS pprovals
[CAL POLY SLO - STUDENT RECREATION CENTER —TAL WRL LNC 300 FL 350 FT. 57O, 880 FI.
WIRE_SIZE 12 AWG 12 AWG 12 AWG 12 AWG
XP-2 4+ XP-3 DAA2-5025 ¢ ELECTRICAL ROOM #i5
Batteries Provided:| (2) BAT-1270 | Avallable Battery: 560 AH. —_———————————ee——————— Standby Total Stondb Aorm Total Alarm CIRCULAR MILS 6530 CIRC MILS 6530 CIRC MILS 6530 CIRC_MILS 6530 CIRC MILS
Battery Size: 7.00 A.H. Load (ALM + STBY) 228 A.H. . . Y d VOLTAGE DROP 1.11 VOLTS 1.29 VOLTS 1.98 VOLTS 3.05 VOLTS
De—R Size(80%): 5.60 AH c v 382 AH Quantity Device Type Model Number Current Current Current Current
e—Rated Size(80%): o0 AT Spere Capacity S 2 Voice DAA2-5025 0.40000 0.80000  0.50000 1.00000 VOLTAGE @ END OF CIRCUIT 129 voTs 194 vouts 1842 vouTs 17.35 vouTs
File Name: M:Cal Poly SLO Rec. Center_2010035[Cal Poly SLO_Rec Ctr_RPS #1_BATT.xis]BattCalc 30 Speerr 25\/ Spedker — 1/2 WGtt TGp0.000DO 0.00000 0-02000 0.60000 CIRCUIT LOCATION 1ST FLOOR 1ST FLOOR 1ST FLOOR 1ST FLOOR
9 Speaker 25V Speaker — 1 Watt Tap 0.00000 0.00000 0.04000 0.36000 VOLTAGE DROP = TOTAL CURRENT x DISTANGE x 21.6
—W M& Standby Load Alarm Load CIRC. MILS CIRCULAR MILS
CAL POLY SLO - STUDENT RECREATION CENTER 0.800 1.960 18 AWG = 1620
REMOTE POWER SUPPLY - RPS #2 « ELEC. ROOM #72 16 AWG = 2580 VOLTAGE ® END = STARTING CIRCUIT VOLTAGE — VOLTAGE DROP
Standby Total Standby Alarm Total Alarm Standby Load: 0.800 Amps Alarm Load: 1.960 Amps 14 AWG = 4110 OF CIRCUIT
Quantity Device Type Model Number Current Current Current Current Standby Time:| 24| Hours Alarm Time:ljl Minutes 12 AWG = 6530 LISTED CIRCUIT VOLTAGE = 24V
1 FCPS—24S8 FCPS—24S8 0.06500 0.06500 0.14500 0.14500 Total Standby Load: 19.20 Amp*Hours Total Alarm Load: 0.49 Amp*Hours STARTING GIRGUIT VOLTAGE — 204V (85% LISTED VOLTAGE)
: g?g g::gz: 82::3 g:zga Eggzgg 8‘888% 5'88888 g'ggigg 8’82288 OPERATING VOLTAGE_RANGE_FOR_24V_NOTIFICATION APPLIANCES TO BE_16V—33V
1S/S (Strobe ONLY) SPSW (75cd) 0.00000 0.00000 0.15800 0.15800 Batteries Provided:l (2) BAT-12260| Avsilable Battery: 2080 A.H. File Name: M:Cal Poly SLO Rec. Center_2010035[Cal Poly SLO_Rec Ctr_RPS #4._VD.xis]VD FORM
9 S/S (Strobe ONLY) SPSW (110cd) 0.00000 0.00000 0.20200 1.81800 Battery Size: 26.00 AH. Load (ALM + STBY) P69 A.H.
1S/S (WP Strobe) SPSWK  (75cd) 0.00000 0.00000 0.15800 0.15800 De—Rated Size(80%): 20.80 A.H. Spare Capacity i1 AH.
5 Strobe SCW  (15cd) 0.00000 0.00000  0.06600 0.33000 File Name: M:Cal Poly SLO Rec. Center_2010035[Cal Poly SLO_Rec Ctr_XP—2_BATT.xls]BattCalc
1 Strobe SW  (15cd) 0.00000 0.00000 0.06600 0.06600
Standby Load Alarm Load
0.065 2.835
Standby Load: 0.065 Amps Alarm Load: 2.835 Amps VOLTAGE DROP CALCULATION 12/06/11 VOLTAGE DROP CALCULATION 12/07/11
Standby Time:| 24] Hours Alarm Time:[  15]Minutes CAL POLY SLO - RECREATION CENTER CAL POLY SLO - RECREATION CTR dB LINE LOSS CALCULATION 02/23/12
) * A ) * CAL POLY SLO - RECREATION CENTER
Total Standby Load: 1.56 Amp*Hours Total Alarm Load: 0.71 Amp*Hours SYSTEM SENSOR RPS #1 @ ELEC ROOM #136 SYSTEM SENSOR REMOTE POWER SUPPLY #5 ® ELEC ROOM #208
SPEAKERS XP—3 @ ELEC ROOM #115
\. y
Batteries Provided:| (2) BAT-1270 | Avallable Battery: 560 A.H. DEVICE SIGNAL CIRCUIT SIGNAL CIRCUIT SIGNAL CIRCUIT SIGNAL CIRCUIT DEVICE SIGNAL CIRCUIT SIGNAL CIRCUIT SIGNAL CIRCUIT SIGNAL CIRCUIT ~ ™~
Battery Size: 7.00 AH. Load (ALM + STBY) 227 AH. CURR. w v2 va va ary CURR. |w ve o V20 arv DEVICE | SIGNAL CKT SIGNAL CKT SIGNAL CKT SIGNAL CKT NOTE: Q]
De—Rated Size(80%): 5.60 A.H. Spere Capecity 333 AH. (AMPS) | arv | CURR. ar | CURR. QY | CURR. QY [ CURR. TOTAL (AMPS) | arv [ CURR. ary | CURR. QY [ CURR. arY | CURR. TOTAL POWER 88 SPARE SPARE SPARE Qry If this scale is not 1”
File Name: M:Cal Poly SLO Rec. Center_2010035[Cal Poly SLO_Rec Ctr_RPS #2_BATT.xis]BattCalc Speaker/Sirobe (Sirobe ONLY) . Speaker/Sirobe (Strabe ONLY) . (WATTS) arv_| warrs arv_| warrs ary | warrs arv_| warrs TOTAL this sheet is Not To Scale
SPSW__ (15¢cd) 0.066 0.000 1 0.066 0.000 0.000 1 SPSW_ (15cd) 0.066 0.000 0.000 2 0.132 0.000] 2 Speeker 25/
SPSW  (75cd) 0.158 0.000 1 0.158 0.000 0.000 1 SPSW  (30cd) 0.094 1 0.094 1 0.094 0.000 0.000] 2 Speaker — 1/2 Watt Tap 0.50 7] 350 0.00 0] 000 °-°°H 7
ATTERY S[7| A - , > SPSW (110cd) 0.202 8 1.616 2 0.404 0.000 0.000 10 SPSW  (75cd) 0.158 1 0.158 4 0.632 2 0.316 0.000] 7 Speaker — 1 Watt Tap 1.00 4| 400 0.00 0.00 0.00 4 A
SALILRT LMD VALY LA LU Sirobe ] SPSW (110cd) 0.202 3 0.606 1 0.202 0.000 0.000] 4
CAL POLY SLO - STUDENT RECREATION CENTER SW  (15cd) 0.066 0.000 5 0.330 0.000 0.000 5 Speaker/Strobe (WP Strobe ONLY) . TOTAL POWER ON CIRCUIT 7.50 WATTS 0.00 WATTS 0.00 WATTS 0.00 WATTS A
REMOTE POWER SUPPLY - RPS#3 ® ELEC ROOM #227 SW_ (75cd) 0.158 0.000 1 0.158 0.000 0.000 1 SPSWK _ (75cd) | o.158 | 0.000] | 0.000] | 0.000] 4] 0.632 4 LOAD RESISTANCE 83 OHMS 0 OHMS 0 OHMS 0 OHMS
Standby Total Standby Alarm  Total Alarm Strobe . TOTAL WIRE LENGTH 450 FT. 0 FT. 0 FT. 0 FT. A
Quantity Device Type Model Number Current Current Current Current TOTAL CURRENT ON CIRCUT 1.616 AMPS 1.116 AMPS 0.000 AMPS 0.000 AMPS :‘(;w (1(;:?;;1) g'ggg ] g'ggg g‘ggg ; g'fgg g'gggi ; WIRE SIZE 14 AWG 14 AWG 14 AWG 14 AWG
1 FCPS—24S8 FCPS—24S8 0.06500 0.06500  0.14500 0.14500 TOTAL WIRE LENGTH 445 FT. 300 FT. 0 FT. 0 FT. SW_(30cd) 0.094 5.000 T o.094 0.000 ooool TOTAL WIRE_RESISTANCE 2.934 OHMS 0 OHMS 0 OHMS 0 OHMS A
10 S/S (Strobe ONLY) SPSW (110cd) 0.00000 0.00000  0.20200 2.02000 WIRE SIZE 12 AWG 12 AWG 12 AWG 12 AWG . . . . . POWER LINE LOSS (dB) 030 45 o B B
1S/S (WP Strobe)  SPSWK (75cd) 0.00000 0.00000  0.15800 0.15800 CIRCULAR MILS 6530 CIRC MILS | 6530 CIRC MILS | 6530 CIRC MILS 6530 CIRC MILS TOTAL CURRENT ON GIRCUIT 0.924 AMPS 1.022 AMPS 0.644 AMPS 0.632 AMPS A
1 Strobe SW  (15cd) 0.00000 0.00000  0.06600 0.06600 VOLTAGE DROP 2.38 VOLTS 1.11 VOLTS 0.00 VOLTS 0.00 VOLTS OTAL WIRE LENGTH 355 FT. 625 1. 325 FT. 500 FT. CIRCUIT_LOCATION 1ST_FLOOR 1ST_FLOOR ZND FLOOR SPARE
Standby Load Alarm Load VOLTAGE @ END OF CIRCUIT 1802 voLTs 1929 voLTS VOLTS VOLTS WIRE SIZE 12 AWG 12 AWG 12 ANG 12 AWG WIRE RESISTANCE LOAD RESISTANCE = (VOLTAGE x VOLTAGE) L\
0.065 2.389 (OHM / 1000 FT) POWER
CIRCUIT LOCATION 1ST FLOOR 1ST FLOOR SPARE SPARE CIRCULAR MILS 6530 CIRC MILS | 6530 CIRC MILS | 6530 CIRC MILS | 6530 CIRC MILS 18 ANG = 8.08 A
Standby Load: 0.065 Amps Alarm Load: 2.389 Amps VOLTAGE DROP = TOTAL CURRENT x DISTANCE x 21.6 VOLTAGE DROP 1.08 VOLTS 2.11 VOLTS 0.91 VOLTS 1.25 VOLTS 16 AWG = 5.08 POWER LINE LOSS (dB) = 20xLog LOAD RESISTANCE
Standby Time:| 24]Hours Aarm Time:[_ #5]Minutes R S o CIRCULAR MILS VOLTAGE @ END OF CIRCUIT 131 voLTs 1829 voLTs 1949 vouTs 1915 voLTs e LOAD RESISTANCE + TOTAL WIRE RESISTANCE A
Total : 1.56 Amp*H Total Al : .60 Amp*H = -~
otal Standby Load 56 Amp*Hours otal Alarm Load 0.60 Amp*Hours 16 AWG = 2580 VOLTAGE @ END = STARTING CIRCUIT VOLTAGE — VOLTAGE DROP CIRCUIT_LOCATION 2ND_FLOOR 2ND_FLOOR 2ND_FLOOR ROOF ﬁ
14 AWG = 4110 OF CIRCUIT VOLTAGE DROP = TOTAL CURRENT x DISTANCE x 21.6 File Name: M:Cal Poly SLO Rec. Center_2010035[Cal Poly SLO_Rec Ctr_XP3_Lineloss.xis]dB LINE LOSS AS BUILTS 3/7/12 JC
12 AWG = 6530 CIRC. MILS CIRCULAR MILS
Batteries Provided:[ (2 BAT-1270] Aveilable Battery: 560 A.H. LISTED CIRCUIT VOLTAGE = 24V 18 AWG = 1620 §E§#551 12/06/11 BKR
Bott.ery Size: 7.00 A.H. Load (ALM + STBY) 216 A.H. STARTING CIRCUIT VOLTAGE = 20.4V (85% LISTED VOLTAGE) 16 AWG = 2580 VOLTAGE @ END = STARTING CIRCUIT VOLTAGE — VOLTAGE DROP
De—Rated Size(80%): 5.60 A.H. Spare Capacily 344 AH. OPERATING VOLTAGE_RANGE_FOR 24V_NOTIFICATION APPLIANCES TO BE_16V—33V 14 AWG = 4110 OF CIRCUIT P e 12/06/11 BKR
File Name: M:Cal Poly SLO Rec. Center_2010035[Cal Poly SLO_Rec Ctr_RPS #3_BATT.xis]BattCalc L . 12 AWG = 6530
File Name: M:Cal Poly SLO Rec. Center_2010035[Cal Poly SLO_Rec Ctr_RPS #1_VD.xis]vD FORM LISTED CIRCUIT VOLTAGE = 24V ENGINEER REVIEW 05/10/10 MAL
STARTING CIRCUIT VOLTAGE = 20.4V (85% LISTED VOLTAGE) COMMENTS /10/
OPERATING VOLTAGE RANGE FOR 24V NOTIFICATION APPLIANCES TO BE 16V—33V ISSUED FOR
ATTERY SIZI A Tl 1 11 VOLTAGE DROP CALCULATION 12/06/11 File Name: M:Cal Poly SLO Rec. Center_2010035[Cal Poly SLO_Rec Ctr_RPS #5_VD.xis]VD FORM
CAL POLY SLO - STUDENT RECREATION CENTER CAL POLY SLO - RECREATION CTR Rev Issued For Date By
REMOTE POWER SUPPLY - RPS#4 « ELEC. ROOM *1_15 SYSTEM SENSOR REMOTE POWER SUPPLY — RPS#2 @ ELEC ROOM #172 " _J
Standby Total Standby Alarm Total Alarm (w—— ~
Quantity Device Type Model Number Current Current Current Current DEVICE SIGNAL CIRCUIT SIGNAL CIRCUIT SIGNAL CIRCUIT SIGNAL CIRCUIT ] )
1 FCPS—24S8 FCPS—24S8 0.06500 0.06500 0.14500 0.14500 CURR. Is ve v ve Y dB LINE LOSS CALCULATION 02/23/12 ]PO]LY
3 /5 (Gtrone ONLY) SPow  (Soodd 000000 000000 009400  0.28200 (wps) } orv T cure | aw T core | v T cwee| o [ cure [ ow CAL POLY 8.0 ~ RECREATION CENTER C L -
. : : . Speeker/Strobe (Strobe ONLY) . SPEAKERS P—1 1 P— 11
4 S/S (Strobe ONLY) SPSW (75cd) 0.00000 0.00000  0.15800 0.63200 SPSW _(15cd) 0.066 0.000 [ 0.066 0.000 0.000f 1 (ol P ke TeOM AT XP-2 3 ELEC ROOM #1195 AL ORI PO LY = CINIC
. - . : : STATE UNIVERSITY
5 S/S (Strobe ONLY) SPSW (1 10Cd) 0.00000 0.00000 0.20200 1.01000 SPSW  (30cd) 0.094 1 0.094 0.000 0.000 0.000 1 SAN LUIS OBISPO. CA 93407
11 Strobe SCW  (15¢cd) 0.00000 0.00000 0.06600 0.72600 SPSW  (75¢cd) 0.158 1 0.158 0.000 0.000 0.000) 1 DEVICE SIGNAL CKT SIGNAL CKT SIGNAL CKT SIGNAL CKT SIGNAL CKT SIGNAL CKT SIGNAL CKT SIGNAL CKT ’
3 Strobe SCW  (30cd) 0.00000 0.00000  0.09400 0.28200 SPSW_(110cd) 0.202 3 0.606 6 1.212 0.000 0.000 9 POWER [s1 82 8s 84 Iss 86 87 s8 Qry STUDENT RECREATION
13 Strobe SW  (15cd) 0.00000 0.00000  0.06600 0.85800 Speeker/Strobs (WP Strobe ONLY) . warrs) | arv [wams | ot [wamrs | oy [wams | orv [wams | arv [warms | aiv [ wams | oy [ wams | oty [ wams | ToTAL CENTER EXPANSION AND
2 Strobe (WP) SCRK  (15cd) 0.00000 0.00000  0.06600 0.13200 SPSWK_ (75cd) [ 0.158 [ 0.158] [ o0.000] [ 0.000] [ 0.000 1 Speaker 25V REMODEL
Standby Load Alorm Lood Strobe ) Speaker — 1/2 Watt Tap 0.50 6]  3.00 10]  5.00 6] 3.00 4 2.ooi 5] 250 3] 150 11 5.50 7 3.50{ 52 w.0. # : 2010035
0.065 4.463 SCW__ (15cd) 0.066 2 0.132 3 0.198 0.000 0.000 5 Speaker — 1 Watt Tap 1.00 4| 4.00 1 1.00 5/ 5.00 4| 4.00 1 1.00 4 400 3] 300 2| 2.00 24 L )
SW_ (15cd) 0.066 0.000 1 0.066 0.000 0.000 1 ~ . ~
Standby Load: 0.065 Amps Alorm Load: 4.463 Amps TOTAL POWER ON CIRCUIT 7.00 WATTS 6.00 WATTS 8.00 WATTS 6.00 WATTS 3.50 WATTS 5.50 WATTS 8.50 WATTS 5.50 WATTS Sheet Title :
Standb);/ Time:| ~24] Hours Alarm Time:ljl Minutes TOTAL CURRENT ON_CIRCUIT 1.148 AMPS 1.542 AMPS 0.000 AMPS 0.000 AMPS LOAD_RESISTANCE 89 OHMS 104 OHMS 78 OHMS 104 OHMS 179 OHMS 114 OHMS 74 OHMS 114 OHMS
Total Standby Load: 1.56 Amp*Hours Total Alarm Load: 7.12 Amp*Hours TOTAL WIRE LENGTH 400 FT. 490 FT. 0 FT. 0 FT. TOTAL WIRE LENGTH 650 FT. 925 FT. 700 FT. 475 FT. 900 FT. 960 FT. 800 FT. 800 FT. FIRE ALARM
WIRE SIZE 12 AWG 12 AWG 12 AWG 12 AWG WIRE SIZE 14 AWG 14 AWG 14 AWG 14 AWG 14 AWG 14 AWG 14 AWG 14 AWG BXETEIh.nATI NS
CIRCULAR MILS 6530 CIRC MILS | 6530 CIRC MILS | 6530 CIRC MILS 6530 CIRC MILS TOTAL WIRE RESISTANCE 4.238 OHMS 6.031 OHMS 4.564 OHMS 3.097 OHMS 5.868 OHMS 6.2592 OHMS 5.216 OHMS 5.216 OHMS (= cu o
De—RategatStiirey(B%;;: 57,28 2’:' Le E‘:El L U’h g ”E"'} —2::2':' VOLTAGE © END OF CIRCUIT 1888 voiTs 1790 vouts VOLTS VOLTS CIRCUIT_LOCATION 1ST_FLOOR 1ST_FLOOR 2ND FLOOR SPARE 1ST_FLOOR 1ST_FLOOR 2ND FLOOR 2ND FLOOR Drawn By : )
=L - — —_— IRCUIT LOCATI 1ST F 1ST PA AR ! .
Fio Name: M0l Py SLO R Center_201003610al Poly SL0_Reo Gr_RPS f4_ BT AelBotoat CIRCUTT LOCATION ST 1008 S FLOBR SR S[ARE WIRE RESISTANCE LOAD RESISTANCE = (VOLTAGE x VOLTAGE) J. AREVALO
VOLTAGE DROP = TOTAL CURRENT x DISTANCE x 21.6 (OHM / 1000 FT) POWER
CIRC. MILS CIRCULAR MILS 18 AWG = 8.08 Cod F‘lo-z/ 23/10
18 AWG = 1620 16 AWG = 5.08 POWER LINE LOSS (dB) = 20xLog LOAD RESISTANCE ad ¥ MACAL POLY SLO\
16 AWG = 2580 VOLTAGE @ END = STARTING CIRCUIT VOLTAGE — VOLTAGE DROP 14 AWG = 3.26 LOAD RESISTANCE + TOTAL WIRE RESISTANCE RECREA
14 AWG = 4110 OF CIRCUIT 12 AWG = 2.05 \ FAO0.02-REC CTR-CALCS )
12 AWG = 6530 > ™
LISTED CIRCUIT VOLTAGE = 24V File Name: M:Cal Poly SLO Rec. Center_2010035[Cal Poly SLO_Rec Ctr_XPs_Lineloss.xisJdB LINE LOSS Sheet Number :
STARTING CIRCUIT VOLTAGE = 20.4V (85% LISTED VOLTAGE)
OPERATING_VOLTAGE_RANGE_FOR 24V_NOTIFICATION APPLIANCES TO _BE_16V—33V
File Name: M:Cal Poly SLO Rec. Center_2010035[Cal Poly SLO_Rec Ctr_RPS #2_VD.xisVD FORM F A O O 2
SYSTEM BATTERY AND VOLTAGE DROP CALCULATIONS ]
J\ y
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Copyright Notice:All drawings and written material appearing herein constitute the original and unpublished work of Pyro-Comm Systems, Inc. and the same may not be duplicated, used or disclosed without the express written consent of Pyro-Comm Systems, Inc.
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