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Abstract

This fire and life safety report covers a Battalion Headquarters Complex that is used for
housing military troops. This is a complete review of the building with prescriptive based fire
protection along with performance base review of the building. The prescriptive fire protection
covers egress analysis of the space, passive fire protection (i.e. fire walls and doors) and active
fire protection (i.e. fire alarm and fire sprinklers). The performance based section looks at the
prescriptive requirements and sees if these would be enough for the application at hand.

The building fire protection and life safety are covered by three different codes. The
Uniform Facility Code (UFC), National Fire Protection Associate (NFPA) and International
Building Code (IBC). With the UFC being the driving code because it is a military based project
and the others being derivatives there of. The building is a 3 story barracks housing
approximately 296 military personnel. The location of the building is at an undisclosed
location.

In looking at the building height and area requirements it was determined that the
building was too large in area based on the requirements of the IBC. To become code
compliant the best solution was to break the building up into five separate areas using 2-hour
fire walls at strategic locations. The building was primarily of an R-2 occupancy classification
with some other areas. The travel distances, common paths and dead ends in the building
were all code compliant. The exit capacity for the building was compliant with the number of
occupants based on the egress analysis. Along those lines the evacuation time was also looked
at for how long a general evacuation of the building would take.

The water based fire protection and fire alarm for the building were designed in
accordance with their applicable codes NFPA 13R and NFPA 72 respectively. The water supply
for the building was sufficient enough that the building would not require a fire pump to
suppliant. There was a 4 head sprinkler calculation that was performed in the most remote
location to show that there would be a sufficient supply of water and pressure. The fire alarm
system is of an addressable type with mass notification for the building. There are horns and
strobes with smoke detection throughout the building. There is a smoke detector in each
sleeping room with a sounder base along with a horn.

The performance based section consisted of using FDS model to show a worse case fire
scenario for the building. For this building a dorm room with a trash can fire was looked at to
see how this would affect the building with its protection features and see if there will be
enough time to egress from the building. The parameters for the fire were a 100 kW slow
growth trash can fire. The visibly for the building was set at 4 meters as the occupants will be
familiar with the building at the 6 ft mark. The fractional effective dose (FED) at the 6 ft mark
was set to 3500 ppm CO. The smoke temperature at the 6ft mark was set to 200 F. The model
was then ran for 5 minutes. It was determined after examining the model that current design
would be enough to meet all parameters that applied to it.
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Introduction

Description of Project

This design-build project will construct housing facilities for approximately 296 persons. The project is a
3-story building with a footprint total of 38,574 square feet and with a total of 113,381 square feet. The
facility will be constructed at unknown location on a military base.

The picture below is a rendering/model of the building to illustrate the layout.

Figure 1 Project Design layout

Applicable Codes and Standards

1.
2.

PNV AW

10.
11.

12.
13.
14.

NFPA 101 (2012 Edition) — Life Safety Code

NFPA 13R (2013 Edition) — Installation of Fire Sprinkler Systems in Residential Occupancies up to
and Including Four Stories in Height

NFPA 72 (2013 Edition) - National Fire Alarm and Signaling Code

NFPA 1 (2012 Edition) — Fire Code

NFPA 10 (2010 Edition) — Portable Fire Extinguishers

NFPA 70 (2011 Edition) — National Electric Code

NFPA 90A (2012 Edition) - Installation of Air Conditioning and Ventilation Systems

NFPA 25 (2014 Edition) — Standard for the inspection, Testing, and Maintenance of Water-Based
Fire Protection Systems

UFC 1-200-01(Change 1, 01 July 2013) - General Building Requirements

UFC 3-600-01 (Change 2, 01 February 2013) — Fire Protection Engineering for Facilities

UFC 3-601-02 (Change 2, 08 September 2010) — Operation and Maintenance: Inspection, Testing,
and Maintenance of Fire Protection Systems.

UFC 4-021-01 (January 2010) — Design O&M: Mass Notification Systems

International Building Code (2012 Edition)

Factory Mutual Loss Prevention Data Sheet 3-26 (July 2011 with Engineering Bulletin 04-12) — Fire
Protection Water Demand for Non-storage Sprinklered Properties
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Report objectives

The purpose of this report is to give an over view of the fire and life safety requirements for this
building. This report will assist in the design and layout of the building.

This project was designed with the guidelines of the Cal Poly FPE program.

Building Fire Protection and Life Safety Features

Classification of areas/rooms in project
In this section each floor has been represented and broken up into different colors. This will show all
the different types of areas/rooms in the project.

[Space Designations _|Color Code

Living Areas

Figure 2 First Floor (NTS)
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Occupancy Classification
Note that military projects require the building size, height and area to be in accordance with IBC
requirements and the life safety and egress features to be in accordance with NFPA 101.

IBC: Residential (R-2)
Section 310 Residential Group R

e 310.4 Residential Group R-2
“Residential occupancies containing sleeping units or more than two dwelling units
where the occupants are primarily permanent in nature...”

e Apartment Houses

IBC: Storage (S-1)
Section 311 Storage Group S

e 311.2 Moderate-hazard storage Group S-1

“Buildings occupied for storage uses that are not classified as group S-2, ...”
e Mechanical room
e Electrical room

IBC: Storage (S-2)
Section 311 Storage Group S

e 311.3 Low-hazard storage Group S-2
“Includes, among others, buildings used for storage of noncombustible material such as
products on wood pallets or in paper cartons with or without single thickness divisions;
or in paper wrappings. Such products are permitted to have a negligible amount of
plastic trim, such as door knobs, handles or film wrapping...”

e Washers and dryers

e Recycle

e Janitors room

IBC: Section 509 Incidental Uses
Table 509 Incidental Uses

Laundry rooms over 100 square feet

e 1 hour separations
OR
e Provide automatic sprinkler system

Waste and linen collection rooms over 100 Square feet

e 1 hour separations
Or
e Provide automatic sprinkler system
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NFPA 101: Classification of occupancy an Hazard of Contents (Chapter 6)
6.1.8 Residential
. 6.1.8.1.5 Definitions- Apartment Building
“A building or portion thereof containing three or more dwelling units with
independent cooking and bathroom facilities.”

NFPA 101: New Apartment Building (Chapter 30)
All sections of this chapter are applicable to this project.

Floor | Gross Floor Area (SF) | Occupancy Descriptions
1t 38,574 R-2, S-1, S-2, Incidental Uses
2nd 37,029 R-2, S-2, Incidental uses
3rd 37,778 R-2, S-2, Incidental uses

Table 1 Occupancy overview of building

Construction Type
IBC Type V-B

° IBC: Section 602.5 Type V-B
Is to comply with Table 601 in the IBC 2012 and Chapter 23.

NFPA 101 section 30.1.6 Minimum Construction Requirements.

“(No Special Requirements)”
Fire-Resistance Rating Requirements

Structural Fire- Resistance Rating Requirements
IBC Type V-B

° IBC: Section 602.5 Type V-B
Type V construction is that type of construction in which the structural elements,
exterior walls and interior walls are of any material permitted by this code.

For a Type V-B there are no special requirements that are being put on this building. The building
elements do not require any fire resistive rating based on the code and table 601 below. There are fire
walls in the building that will be required to have a rating and that is covered in another section of this
report. This building is not close to other buildings (greater than 30 ft.) so the separation requirements
are met as well.
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TAB

LE 601

FIRE-RESISTANCE RATING REQUIREMENTS FOR BUILDING ELEMENTS (HOURS)

s TYPEI TYPE Il TYPE I TYPE IV TYPEV |
2N A B A B a | B HT A B

{Primary structural frame* (see Section 207) T z 1 0 1 | o HT |1 o
Bearing walls

Exterior’ # 3 2 1 0 2 7 7 i 0

Imterior 3 2% i 0 1 | o !uHT 1 0
Nﬂnhﬁﬂl‘i.l'l\g W&lls and. paitlil.m]s A Y NI S —

Exterior See Tahle 602
Monbearing walls and partitions I See

Interior® 0 ] ] 0 0 0 (Section| 0 ]

B02.4.6

Floos construction and associated secondary members . -

{see Section 202) Z E 1 0 1 0 HT o1 o
Feof construction and associated 5e4r-t;ﬁdmy members e bt e B . T N

{ser Section 202) 1 1 1" ! 0 1 0 HT 18¢ 1]

Table 2 IBC Table 601 Fire Resistance Rating Requirements Building Elements

TABLE &02
FIRE-RESISTANCE RATING REQUIREMENTS FOR EXTERIOR WALLS BASED ON FIRE SEFARATION DISTANCE® ="
FIRE SEPARATION DISTANCE = NPT OCCUPANCY OCCUPANCY
X tfoet) TYPE OF CONSTRUCTION | OCCUPANCY GROUP H' | cone Ml e o | conup A B P2 1L R, 529, U
X<h All 3 2 1
i IA R 2 1
FeX=10
. 2 Others 2 1 1
A IB 2 1 1 |
10= X < 30 IIB, VB 1 0 0
Others 1 1 14
| X=a Al ) o O 0

Table 3 IBC Table 602 Fire Resistance rating Requirements for Exterior Walls

Interior Finishes Fire- Resistance Rating Requirements
Interior finishes need to comply with Chapter 8 of the IBC. IBC Table 803.9 gives interior wall and ceiling

flame spread finish requirements by occupancy type for the room or area. As a general rule, the

installation of a fire sprinkler system usually allows for a one “class” reduction for the IBC Table 803.9

requirements.

Interior finishes are classified according to the ASTM E 84 or UL 723 standard according to three classes
for ASTM E 84 or UL 723flame spread and smoke developed indices:

e C(Class A: flame spread 0-25, smoke developed 0-450.
e (Class B: flame spread 26-75, smoke developed 0-450.

e C(Class C: flame spread 76-200, smoke developed 0-450.
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TABLE 803.9
INTERIOR WALL AND CEILING FINISH REQUIREMENTS BY OCCUPANCY*

SPRINKLERED T © NONSPRINKLERED |
Comidors and i o Comdors and
GROUP Interior exit stairways, interior | enclosure for exit | Rooms and Imterior exit stairmays, enclosure for exit | Reoms and
exit ramps and exit access stairways enclosed | interior exil ramps and exil | access sainways enclosed
passageways"® and exit access spaces’ passageways®® | and exil accoss spaces”
ramps | Fpmps
Al & Az B B C A I a B
AGL A4 A B B C A s C
B.E MR B e C c A B C
= . 5 = = . —5 —
H B B e A A B
I-1 B C C A B B
12 B B B A A B
| I-3 A A C A A B
14 B B B A A B
3 = : = oo —5 c
R-3 C C C C C C
5 C C C B B C
No restrictions Mo L:estri:;-tir;n's' -

Table 4 IBC Table 803.9 Interior Wall and Ceiling Finish Requirements

The building in case is required to have all class C interior finishes based on the fact it will be fully
sprinklered. So as long as the finishes meet the class C rating it will be good to go.

Area, Height and Stories
Based on the current building design and assumptions, the following is a breakdown of the areas by
occupancy for the building:

Group R-2
38,574 square feet each

IBC Table 503 allows a basic allowable area per story of 7,000 square feet, 2 stories, and a maximum
building height of 40 feet for an R-2 Occupancy of Type V-B Construction. The number of stories can be
increased by 1-story, for a total of 3 stories in accordance with IBC Section 504.2 because the building
will be provided with a NFPA 13R automatic sprinkler system. The basic allowable area can be
increased in accordance with IBC Section 506. See Below Area Calculations:

Ay =[Ac+ (A X 1) + (A X [5)]

Where: A, = Allowable Building Area Per Story
A; = Tabular Building Area per story per IBC Table 503 = 7,000 sf
Iy = Area Increase due to frontage (see below) = .75

I, = Area Increase due to sprinkler protection per IBC Section 506.3 =
0 (no sprinkler increase for NFPA 13R sprinklr system
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W
—_(F
Ir =( /P—O.ZS)%
Where:

F = Building Perimeter that fronts a public way or open space having 20 feet open minimum
width

P = Perimeter of entire Building

W = Width of Public way or open space in accordance with IBC Section 506.2.1. = 30 because all
sides front a maximum 30 foot public way

Note: the value of F/P = 1 because the entire building fronts a minimum 20 foot public way
Applying the above:

A, =1[7,000sf + (7,000sf x.75) + (7,000sf x 0)] = 12,250sf = Allowable building area per floor
for the R-2 Occupancy.

The maximum area of a building equipped throughout with an automatic sprinkler system in accordance
with NFPA 13R can be determined by multiplying the allowable area per story (Aa), as determined in
Section 506.1, by the number of stories above grade plane (3) in accordance with IBC Section 506.4.1
Exception 2.

The allowable building area is determined to be 36,750 square feet. Therefore, the building is not in
compliance with allowable height, area and story limitations.

This building will need to be broken up into multiple buildings by adding fire walls in multiple locations
to meet the allowable building area requirements. The fire walls shall be in accordance with IBC section
706 Fire Walls. In accordance to IBC Table 706.4 group R-2 occupancies will need to have a 2 hour rated
fire wall with exception (a) which allows the 2 hour rating for type V construction. This is also in
accordance with UFC 3-600-01 section 2-2.3 where the minimum rated fire wall shall be two hours.
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Figure 5 The Figure represents all floors

With the Fire walls in place the recycle and laundry areas become incidental uses and comply with IBC

Section 509.3 That these areas are not more than 10 percent of the floor area. Along with following IBC
Table 509 They will be permitted.
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Group S-1

IBC Table 503 allows a basic allowable area per story of 9,000 square feet, 1 stories, and a maximum
building height of 40 feet for an S-1 Occupancy of Type V-B Construction. The basic allowable area can
be increased in accordance with IBC Section 506. This area is in compliance with allowable height, area
and story limitations without increases.

Group S-2

IBC Table 503 allows a basic allowable area per story of 13,500 square feet, 2 stories, and a maximum
building height of 40 feet for an S-2 Occupancy of Type V-B Construction. The basic allowable area can
be increased in accordance with IBC Section 506. This area is in compliance with allowable height, area
and story limitations without increases.

Mixed Use and Occupancy

Group S-1 and Group S-2 shall be classified as an Accessory occupancies in accordance with IBC section
508.2. Along with IBC section 508.2.1 where the area does not exceed 10 percent of the building and
meets IBC table 503 without any increase. These areas meet all of these requirements.

Occupancy Separations

Interior Separations
o Vertical shafts are required to be provided with a 1-hour fire resistance rating and 1-hour fire
rated doors (automatic-closing doors) in accordance with NFPA 101 section 8.6.5 & 8.6.6.

. Dwelling units are required to be separated from each other and other spaces by walls, floors
and ceilings constructed as fire barriers having a minimum % hour rating in accordance to NFPA
101 section 30.3.7.2.

o Mechanical and electrical rooms are required to be 1-hour fire rated per NFPA 101 Table
30.3.2.1.1.
o 1-hour fire rated separation and sprinklers between laundry room > 100 square feet and the rest

of the building in accordance with NFPA 101 Table 30.3.2.1.1.

o 1-hour fire rated separation and sprinklers between Trash collection rooms and the rest of the
building in accordance with NFPA 101 Table 30.3.2.1.1.

o 1-hour fire rated separation between exits paths and the rest of the building in accordance with
NFPA 101 section 7.1.3.2.

o Draft stopping shall, be provided in the attic spaces of this building in accordance with IBC
section 718.3.2. There will be one draft stop in the attic for every 3,000 sq. ft. or every 2 living
units whichever is less.
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Exterior separations:

e IBCTable 602 does not require the exterior walls to be rated based on R-2 Occupancy and Type V-B
construction. The exterior walls for all buildings are located a minimum of 10 feet from assumed
property lines.

Special Situations:

e It is the understanding that “solar light tubes” will be installed through the roof and into the
apartments on the 3™ floor. Because the ceiling assembly is rated, the team will be required to
install a minimum % hour rated fire damper at the ceiling of the 3" floor unit at the base of the
light tube.

Legend

1-hr wall

i

Figure 6 First floor wall separations

All other walls are % hour separation.
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Figure 7 Second floor wall separations

All other walls are % hour separation.

Figure 8 Third floor wall separations

All other walls are % hour separation.
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e There is a vertical opening connecting the first and second floor together in the center of
the building. This for this structure is being called a communication space as defined in
NFPA 101 2012 section 8.6.6. This section is sometimes referred to as the mini atrium. This
section allows for these openings with less strict rules as a full atrium. Below are the
requirements that were required to be met. Also note Figure 9 of the second floor showing
the space. The red lines in the space show a 2-hour rated fire wall. Meeting this will save
the project many features from being added and being able to keep the look.

NFPA 101 2012

8.6.6 Communicating Space. Unless prohibited by Chapters 11through 43, unenclosed floor openings
forming a communicating space between floor levels shall be permitted, provided that the following
conditions are met:

(1) The communicating space does not connect more than three contiguous stories.
(2) The lowest or next-to-lowest story within the communicating space is a street floor.

(3) The entire floor area of the communicating space is open and unobstructed, such that a fire in
any part of the space will be readily obvious to the occupants of the space prior to the time it
becomes an occupant hazard.

(4) The communicating space is separated from the remainder of the building by fire barriers
with not less than a 1-hour fire resistance rating, unless one of the following is met:

(b) The requirement of 8.6.6(4) shall not apply to fully sprinklered residential housing
units of detention and correctional occupancies in accordance with 22.3.1(2) and
23.3.1.1(2).

(5) The communicating space has ordinary hazard contents protected throughout by an
approved automatic sprinkler system in accordance with Section 9.7 or has only low hazard
contents. (See 6.2.2.)

(6) Egress capacity is sufficient to allow all the occupants of all levels within the communicating
space to simultaneously egress the communicating space by considering it as a single floor area
in determining the required egress capacity.

(7)*Each occupant within the communicating space has access to not less than one exit without
having to traverse another story within the communicating space.

(8) Each occupant not in the communicating space has access to not less than one exit without
having to enter the communicating space.
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Figure 9 Communicating Space

Means of Egress

Occupant Loads
NFPA 101 code requirements

Occupancy Type New Apartment Buildings CH. 30:

e  Section 30.2.3 Capacity of Means of Egress

o) Section 30.2.3.1
“The capacity of means of egress shall be in accordance with section 7.3.”
o) Section 30.2.3.2

“Street floor exits shall be sufficient for the occupant load of the street floor plus the
required capacity of the stairs and ramps discharging onto the street floor.”

o Section 30.2.3.3
“Corridors with a required capacity of more than 50 persons, as defined in section 7.3,
shall be of sufficient width to accommodate the required occupant load but have a width
of not less than 44 in.”

o Section 30.2.3.4
“Corridors with a required capacity of not more than 50 persons, as defined in section
7.3, shall be not less than 36 in.”

Occupancy Type Storage Ch. 42:

e  Section 42.2.3 Capacity of Means of Egress
“The capacity of means of egress shall be in accordance with section 7.3.”

General:

e Section 7.3.1.2 Occupant Load Factor
“The occupant load in any building of 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, Figure 7.3.1.2(a), and Figure 7.3.1.2(b). Where both
gross and net area figures are given for the same occupancy, calculations shall be made by
applying the gross area figure to the gross area of the portion of the building devoted to the use
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Table 7.5.1.2 Occupant Load Factor

Use (ft*/person)® (m*/person)®
Assembly Use
Concentrated use, 7 net 0.65 net
without fixed
seating
Less concentrated 15 net 1.4 net
use, without fixed
seating
Bench-type seating 1 person/ 1 person/

Fixed seating

18 linear in.
Use number of

455 linear mm
Use number of

for which the gross area figure is specified and by applying the net area figure to the net area of
the portion of the building devoted to the use for which the net figure is specified.”

fixed seats fixed seats
Waiting spaces See 12.1.7.2 and  See 12.1.7.2 and
18.1.7.2. 13.1.7.2.
Kitchens 100 9.3
Library stack areas 100 9.3
Library reading 50 net 4.6 net
rooms
Swimming pools 50 (water surface) 4.6 (water
surface)
Swimming pool decks 30 2.8
Exercise rooms with 50 4.6
equipment
Exercise rooms 15 1.4
without equipment
Stages 15 net 1.4 net
Lighting and access 100 net 9.3 net
catwalks, galleries,
gridirons
Casinos and similar 11 1
gaming areas
Skating rinks 50 4.6
Educational Use
Classrooms 20 net 1.9 net
Shops, laboratories, 50 net 4.6 net
vocational rooms
Day-Care Use 35 net 3.3 net
Health Care Use
Inpatient treatment 240 22.3
departments
Sleeping departments 120 11.1
Ambulatory health 100 9.3
care
Detention and 120 11.1
Correctional Use
Residential Use
Hotels and 200 18.6
dormitories
Apartment buildings 200 18.6
Board and care, large 200 18.6
Industrial Use
General and high 100 9.3
hazard industrial
Special-purpose NA NA
industrial
Business Use (other 100 9.3
than below)
Air traffic control 40 3.7
tower observation
levels
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Table 7.3.1.2  Continued

Use ( ft2_.-"1}e1'son} s [1112_."1}e1'stm} @

Storage Use

In storage NA NA
occupancies

In mercantile 300 279
occupancies

In other than storage 500 46.5
and mercantile
occupancies

Mercantile Use

Sales area on street 30 2.8
floor™*

Sales area on two or 40 3.7
more street floors®

Sales area on floor 30 28
below street floor®

Sales area on floors 60 5.6

above street floor”
Floors or portions of  See business use.  See business use
floors used only for
offices
Floors or portions of 300 27.9
floors used only for
storage, receiving,
and shipping, and
not open to
general publlc
Mall buildings® Per factors applicable to use of
space”

Table 5 NFPA 101, 2012- Table 7.3.1.2 Occupant Load Factor

The below calculations reference NFPA 101 2012 section 7.3.1.2 along with table 7.3.1.2 .

Living Areas floor: 23ft * 27ft = 621 ft?

f

Occupant load Factor: 200 (Re5|dent|al use- dormitories)

Living Areas 1°t floor occupant load: 621 ft2 <+ 200 = 3.1 = 4 people

person

Electrical Room: 8ft * 17ft = 136 ft?

f

Occupant load Factor: 100 NET (Industrial- General)

Electrical Room occupant load: 136 ft? + 100 ft = 1.36 = 2 people
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Telecomm Room: 8ft * 6ft = 48 ft?

2
Occupant load Factor: 100 It NET (Industrial- General)
person
2
Telecomm Room occupant load: 48 ft? + 100 S~ p48=1 person
person

Mechanical Room: 34ft * 26ft = 884 ft?

2
Occupant load Factor: 100 It NET (Industrial- General)
person
2
Mechanical Room occupant load: 884 ft2 <+ 100 pefrtson = 8.84 = 9 people

Janitors Closet: 9ft * 6ft = 54 ft?

2
Occupant load Factor: 500 It (Storage use- In Other)
person
2
Janitors Closet occupant load: 54 ft? + 5002 =01=1 person
person

Recycle Room: 15ft * 6ft = 90 ft?

2
Occupant load Factor: 500 L (Storage use- In Other)
person

ft?
person

Recycle Room occupant load: 90 ft% + 500 —— = 0.18 = 1 person

Mud Room: 27ft x 12ft = 324 ft2

2
Occupant load Factor: 15 pefrtson NET (Assembly use-less concentrated)
2
Mud Room occupant load: 324 ft? + 1525 =216=122 people
person
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Lobby: 1494 ft?

Occupant load Factor: 15

Lobby occupant load: 1494 ft? +

ft?

person

NET (Assembly use-less concentrated)

15—— =100 = 100 people

on

Activity Room: 432 ft?

Occupant load Factor: 15

Activity room occupant load:432 ft? +~ 15

ft?

person

NET (Assembly use-less concentrated)

2
J©_ —288=129 people

person

Laundry Room: 11ft = 16ft = 176 ft?

2
Occupant load Factor: 100 L (Business use)
person
. 2 100t = _
Laundry Room occupant load: 176t~ <+ 100 Derson 1.76 = 2 people
Building Total
Occupancy Type Room Occupant Load (People)
Residential Living Areas 4 each=592
Industrial Electrical Room 2 each =4
Industrial Telecomm Room 1 each =6
Assembly Mud Room 22
Industrial Mech. Room 9
Storage Janitors Closet 1 each=3
Assembly Lobby 100
Storage Recycle Room 1
Assembly Activity Room 29 each=87
Business Laundry Room 2 each=12
Total 836

Table 6 Building Occupant Load
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1% floor Total

Occupancy Type Room Occupant Load (People)
Residential Living Areas 4 each= 188
Industrial Electrical Room 2 each =4
Industrial Telecomm Room 1 each =2
Assembly Mud Room 22
Industrial Mech. Room 9
Storage Janitors Closet 1 each=1
Assembly Lobby 100
Storage Recycle Room 1
Business Laundry Room 2 each=4
Assembly Activity Room 29 each=29
Total 360

Table 7 Building occupant load 1 floor

2" floor Total

Occupancy Type Room Occupant Load (People)
Residential Living Areas 4 each=200
Industrial Telecomm Room 1 each =2
Assembly Activity Room 29 each=29
Business Laundry Room 2 each=4
Storage Janitors Closet 1 each=1

Total 236

Table 8 Building occupant load 2" floor

3 floor Total

Occupancy Type Room Occupant Load (People)
Residential Living Areas 4 each=204
Industrial Telecomm Room 1 each =2
Assembly Activity Room 29 each=29
Assembly Laundry Room 2 each=4
Storage Janitors Closet 1 each=1

Total 240

Table 9 Building occupant load 3™ floor
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Egress Capacity
NFPA 101, 2012 code requirements.

Occupancy Type New Apartment Buildings CH. 30:

e  Section 30.2.3 Capacity of Means of Egress
o Section 30.2.3.1
“The capacity of means of egress shall be in accordance with section 7.3.”

Occupancy Type Storage Ch. 42:

e  Section 42.2.3 Capacity of Means of Egress
“The capacity of means of egress shall be in accordance with section 7.3.”

General:

e  Section 7.3.3 Egress Capacity
o Section 7.3.3.1
“Egress capacity for approved components of means of egress shall be based on the
capacity factors shown in Table 7.3.3.1, unless otherwise provided in 7.3.3.2.”
o Section 7.3.3.2
“For stairways wider than 44 in. and subject to the 0.3 in width per person capacity
factor, the capacity shall be permitted to be increased using the following equation:

Wy, —44

C=1467 + (-2-2)

Where:
C = capacity, in person, rounded to the nearest integer
Wn = nominal width of the stair as permitted by 7.3.2.2(in.)”

Table 7.3.3.1 Capacity Factors

Level
Components and
Stairways Ramps
(width/person) (width/person)
Area in. mm in. mm
Board and care 0.4 10 0.2 5
Health care, 0.3 7.6 0.2 H
sprinklered
Health care, 0.6 15 0.5 13
nonsprinklered
High hazard 0.7 18 0.4 10
contents
All others 0.3 7.6 0.2 5

Table 10 NFPA 101 2012 — Table 7.3.3.1 Capacity Factors

o Section 7.3.3.3
“The required capacity of the 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,
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but the corridor capacity shall be not less than the required capacity of the exit to which
the corridor leads.”
e  Section 7.3.4 Minimum Width
o Section 7.3.4.1

“The width of any means of egress, unless otherwise provided in 7.3.4.1.1 through

7.3.4.1.3, shall be as follows:

(1) Not less than that required for a given egress component in this chapter or Chapters
11 through 43

(2) Not less than 36 in. where another part of this chapter and Chapters 11 through 43
do not specify a minim width”

The below calculations reference NFPA 101 2012 section 7.3.3.1 along with table 7.3.3.1
Hall Ways 60”=60"/0.2=300 people (Level Compartment-other)
Doors 72”=72"/0.2=360 people (Level Compartment-other)

Doors 36”=36"/0.2=180 people (Level Compartment-other)

Wy, —44
0.218

48—-44
0.218

Stairs 48”"=C = 146.7 + ( )=C =146.7 + ( ) =165 people (Stairs- other)

1% Floor Egress 2" Floor Egress 3" Floor Egress
Doors 72”=360%2=720 Stairs 48”= 165*3=495 Stairs 48”= 165*3=495
Doors 36”=180*5=900 2" Floor total=495 3" Floor total=495

1% Floor total=1620

The exit capacity does meet the occupant load in accordance to section LSC 7.3.1.1.1 “The total
capacity of the means of egress for any, ..., shall be sufficient for the occupant load thereof.” The total
occupant load of 896 and the egress capacity is 1620 on the first floor. Each floor on its own also meets
the egress capacity. The hallways also meet the minimum width requirement as well.

Number of Exits
NFPA 101 code requirements

Occupancy Type New Apartment Buildings CH. 30:

e  Section 30.2.4 Number of Means of Egress

o Section 30.2.4.1
“The number of mean of egress shall comply with section 7.4.”
o Section 30.2.4.3

“Every dwelling unit shall have access to at least two separate exits remotely located
from each other as required by 7.5.1.”
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Occupancy Type Storage Ch. 42:

Section 42.2.5 Number of Means of Egress

“The number of mean of egress shall comply with any of the following:

(1) Inlow hazard storage occupancies, a single means of egress shall be permitted from any
story or section.

(2) In ordinary hazard storage occupancies, a single means of egress shall be permitted from
any story or section, provided that the exit can be reached within the distance permitted as
a common path of travel.

(3) All buildings or structures not complying with 42.2.1 (1) or (2) and used for storage, and
every section thereof considered separately , shall have not less hat two separate means of
egress as remotely located from each other as practicable.”

General:

Section7.4.1.1
“The number of means of egress from any balcony, mezzanine, story, or portion thereof shall be
not less than two except under one of the following conditions:
(1) A single means of egress shall be permitted where permitted in Chapters 11 through 43.
(2) A single means of egress shall be permitted for a mezzanine or balcony where the common
path of travel limitations of Chapter 11 through 43 are met.”
Section 7.4.1.2
“The number of means of egress from any story or portion thereof, other than for existing
buildings as permitted in Chapters 11 through 43, shall be as follows:
(1) Occupant load more than 500 but not more that 1000 - not less than 3
(2) Occupant load more than 1000 — not less than 4”
Section 7.4.1.4
“The occupant load of each story considered individually shall be required to be used in
computing the number of means of egress at each story, provided that the required number of
means of egress is not decreased in the direction of travel.”
7.4.2 Spaces About Electrical Equipment
o Section 7.4.2.1 600 Volts, Nominal, or less
“The minimum number of means of egress for working space about electrical equipment,
other than existing electrical equipment, shall be in accordance with NFPA 70, National
Electrical Code, Section 110.26(C)”
o Section 7.4.2.2 Over 600 Volts, Nominal
“The minimum number of means of egress for working space about electrical equipment,
other than existing electrical equipment, shall be in accordance with NFPA 70, National
Electrical Code, Section 110.33(A)”
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Number of exits table.

Occupancy Type Room Occupant Load (People) Number of Exits
Exits Required
Residential Living Areas 4 each=592 1 per 1 per
Industrial Electrical Room 2 each =4 1 1
Industrial Telecomm Room 1 each =6 1 1
Assembly Mud Room 22 2 1
Industrial Mech. Room 9 1 1
Storage Janitors Closet 1 each=3 1 1
Assembly Lobby 100 4 2
Storage Recycle Room 1 2 1
Assembly Activity Room 29 each=87 1 1
Floor Total 896 6 3

Table 11 Number of exits per occupancy

Project overview:

Occupancy Type New Apartment Buildings CH. 30:

All areas of this building meet the requirements listed above. The main floor is in accordance with
Section 7.4.1.2 and has more than 3 exits. The main floor has the highest occupant load of 380 and has
6 exits from the building. Each section requires at least 2 means of egress and 3 is the minimum number
of exits on each floor.

Occupancy Type Storage Ch. 42:

These occupancies meet the required Section 42.2.5 1 and 2 for their respective hazards. The electrical
room is still an unknown due to the fact the electrical equipment being put in is not known yet.

Arrangement of Exits
NFPA 101 code requirements

Occupancy Type New Apartment Buildings CH. 30:

e  Section 30.2.5 Arrangement of Egress

o Section 30.2.5.1
“Access to all required exits shall be in accordance with section 7.5 and modified by
30.2.5.2.”

Occupancy Type Storage Ch. 42:

e Section 42.2.5 Arrangement of Means of Egress
“Means of egress, arranged in accordance with section 7.5, shall not exceed that provided by
table 42.2.5.”
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General:

Table 42.2.5 Arrangements of Means of Egress

Orrdinary
Hazard
Storage .
Low Hazard Occupancy High Hazard
Level of Storage - Storage
Protvection Occocupancy fu m Orccupancy

Dead-End Corridor

Prowecred ML 100D 20 Prohibited,
throughour by an eXcept as
approved, permitted
supervised by T.11.4
automatic
sprinkler system
in accordance
with 9. 7. 1.1(1)

Not protecued NI 510 15 Prohibited,
throughout by an excepl as
approwved, permicued
supervised by T.11.4
auromaric
sprinkler system
in accordance
withh ©.7.1.1(1)

Common Path of Travel

Prowecred NI 100D 20 Prohibited,
throughout by an exXCcepL as
approwved, permicued
supervised by 7.11.4
auromaric
sprinkler system
in accordance
withh @ 7. 1.1¢(1)

MNor provecued Il § 50 15 Prohibited,

throughour by an
approwved,
supervised
AVTOIMATIC
sprinkler system
in accordance
withh @ 7. 1.1¢(1)

except as
permicued
by 7.11.4

NILI: Not limmiced.

Table 12 NFPA 101, 2012 — Table 42.2.5 Arrangements of means of egress

Section 7.5.1.3.3
“In buildings protected throughout by an approved, supervised automatic sprinkler system in
accordance with section 9.7, the minimum separation distance between two exits, exit accesses,
or exit discharges, measured in accordance with 7.5.1.3.2, shall be not less than one-third the
length of the maximum overall dimension of the building or area to be served.”

Room or area

Figure 10 Example of how to calculate the diagonal rule.
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Project overview:
Occupancy Type New Apartment Buildings CH. 30:

There are two areas in the building that these rules apply to. The lobby area and the stairwell exits.
Both of these areas meet the one-third rule for remoteness of exits.

Occupancy Type Storage Ch. 42:
All of these occupancies have only a single exit and are in compliance in the above code.

Travel Distance to Exits
NFPA 101 code requirements

Occupancy Type New Apartment Buildings CH. 30:

e  Section 30.2.6 travel Distance of Exits

o) Section 30.2.6.2 “Travel distance within a dwelling unit (apartment) to a corridor door
shall not exceed 125 ft. in buildings protected throughout by an approved, supervised
automatic sprinkler system installed in accordance with 30.3.5.”

o) Section 30.2.6.3.2 “In buildings protected throughout by an approved, supervised
automatic sprinkler system installed in accordance with 30.3.5, the travel distance from
a dwelling unit (apartment) entrance door to the nearest exit shall not exceed 200ft.”

o Section 30.2.6.4 “The travel distance, from areas other than those within living units, to
an exit, shall not exceed 200 ft. or 250 ft. in buildings protected throughout by an
approved supervised automatic sprinkler system installed in accordance with 30.3.5.5.”

Occupancy Type Storage Ch. 42:

e  Section 42.2.6 Travel Distance to Exits
“Travel distance, measured in accordance with Section 7.6, shall not exceed that provided
by table 42.2.6.”
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Table 42.2.6 Maximum Travel Distance to Exits

Ordinary
Hazard High Hazard
Storage Storage
Occupancy Occupancy

Low
Hazard
Level of Storage
Protection Occupancy fu m fr m

Protected NL 400 122 100 30
throughout by an
approved,
supervised
automatic
sprinkler system
in accordance
with 9.7.1.1(1)
Not protected NL 200 61
throughout by an
approved,
supervised
automatic
sprinkler system
in accordance
with 9.7.1.1(1)
Flammable and NA NA NA 150 46
combustible
liquid producs
stored and
protecred in
accordance with
NFPA 30,
Flammable and
Combustible
Liquids Code

23

~I
[+

NL: Not limited. NA: Not applicable.
Table 13 NFPA 101, 2012 — Table 42.2.6 Maximum travel distance to Exits
Project overview:
Occupancy Type New Apartment Buildings CH. 30:

The travel distance in this building from the most remote unit is 100 ft. This meets the requirements
listed above. All other areas for the building that are not units meet the above requirements as well.
They are located centrally in the building next to exits.

Occupancy Type Storage Ch. 42:

All storage areas meet the requirements above for travel distances. These areas are located centrally
next to an exit or are exiting directly out of the building.

Common Paths
NFPA 101 code requirements

Occupancy Type New Apartment Buildings CH. 30:

e  Section 30.2.5 Arrangement of Egress
o Section 30.2.5.3.2 “No Common Path of travel shall exceed 50 ft. in buildings

protected throughout by an approved, supervised automatic sprinkler system
installed in accordance with 30.3.5. Travel within a dwelling unit shall not be
included when determining common path of travel.”
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Occupancy Type Storage Ch. 42:

e  Please refer to Table 42.2.5 for lengths.

General:

e  Section A7.5.1.5 “...A common path of travel exists where a space is arranged so that
occupants within that space are able to travel in only one direction to reach any of the
exits or to reach the point at which occupants have the choice of two paths of travel to
remote exits....”

™y
m
=,
=3

Exit ™

There is a common path on the North
West and South East side of the
building the hallway leads to a path
where a choice between two exits
occurs on the 2nd and 3rd floor.

Figure 12 Section of building showing common path
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Project overview:
Occupancy Type New Apartment Buildings CH. 30:

For our project all the New Apartment Buildings Occupancies meet the common path of travel
requirement.

Occupancy Type Storage Ch. 42:

For our project all the Storage Occupancies meet the common path of travel requirement.

Dead-Ends
NFPA 101 code requirements

Occupancy Type New Apartment Buildings CH. 30:

e  Section 30.2.5 Arrangement of Egress
o) Section 30.2.5.4.2 “Dead-end corridors shall not exceed 50 ft. in buildings
protected throughout by an approved, supervised automatic sprinkler system in
accordance with 30.3.5.”

Occupancy Type Storage Ch. 42:

e  Please refer to Table 42.2.5 for lengths.
General:

e Section A7.5.1.5 “..a dead end is similar to a common path of travel, a dead end can
exist where there is no path of travel from an occupied space but can also exist where
an occupant enters a corridor thinking there is and exit at the end and, finding none, is
forced to retrace his or her path to reach a choice of exits.”

|KU-‘\i Irf
( Exit x-—--- — ST
LY e b ”_J’I

Figure 13 Dead-End Example
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The Activity room is a dead end area ! .
on the 1%, 2" and 3" floor. e _ #

o

-

There is a dead-end on the North
West and South East side of the
building the hallway lead to no exits
on the 2" and 3" floor.

Figure 15 Section of building showing a dead end

Project overview:

Occupancy Type New Apartment Buildings CH. 30:

For out project all the R-2 Occupancies meet the dead-end path of travel requirement.
Occupancy Type Storage Ch. 42:

For out project all the S-1 and S-2 Occupancies meet the dead-end path of travel requirement.
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Discharge from Exits
NFPA 101 code requirements

Occupancy Type New Apartment Buildings CH. 30:

Section 30.2.7 Discharge from Exits
“Exit discharge shall comply with Section 7.7”

Occupancy Type Storage Ch. 42:

General:

Section 42.2.7 Discharge from Exits

“Discharge from exits shall be in accordance with Section 7.7”

Section 7.7.1 Exit Termination

“Exits shall terminate directly, at a public way or at an exterior exit discharge, unless

otherwise proved in 7.7.1.2 through 7.7.1.4.”

Section 7.7.1.1

“Yards, courts, open spaces, or other portions of the exit discharge shall be of the

required width and size to provide all occupants with a safe access to a public way.”

Section 7.7.1.2

“The requirement of 7.7.1 shall not apply to interior exit discharge as otherwise provided

in7.7.2.”

Section 7.7.1.3

“The requirement of 7.7.1 shall not apply to rooftop exit discharges as otherwise

provided in 7.7.6.”

Section 7.7.2 Exit Discharge through the Interior Building Area

“Exits shall be permitted to discharge through interior building areas, provided that all of

the following are met:

(1) Not more than 50 percent of the required number of exits, and not more than 50
percent of the required egress capacity, shall discharge through areas of any level of
discharge, except as otherwise permitted by one of the following:

(a) Once hundred percent of the exits shall be permitted to discharge through areas
of any level of discharge in detention and correctional occupancies as otherwise
provided in chapters 22 and 23.

(b) In existing buildings, the 50 percent limit on egress capacity shall not apply in the
50 percent limit on the required number of exits is met.
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(2) Each level of discharge shall discharge directly outside at the finished ground level or
discharge directly outside and provide access to the finished ground level by outside
stairs or outside ramps.

(3) The interior exit discharge shall lead to a free and unobstructed way to the exterior
of the building, and such way shall be readily visible and identifiable from the point
of discharge from the exit.

(4) The interior exit discharges shall be protected by one of the following methods:

(a) The level of discharge shall be protected throughout by an approved automatic
sprinkler system in accordance with section 9.7, or the portion of the level
discharge used for interior exit discharge shall be protected by an approved
automatic sprinkler system in accordance with section 9.7 and shall be
separated from the nonsprinklered portion of the floor by fire barrios with a fire
resistance rating meeting the requirements for the enclosure of exits. (See
7.1.3.2.1)

(b) The interior exit discharge area shall be in a vestibule or foyer that meets all of
the following criteria:

i. The depth from the exterior of the building shall be not more
than 10 ft., and the length shall be not more than 30ft.

ii. The foyer shall be separated from the reminder of the level
discharge by construction providing protection not less than the
equivalent of wired glass steel frames or 45 minutes fire resistive
construction.

iii. The foyer shall serve only as a means of egress and shall include
an exit directly to the outside.

(5) The entire area on the level discharge shall be separated from areas below contrition
having a fire resistance rating not less than that required from the exit enclosure,
unless otherwise specified in 7.7.2(6).

(6) Levels below the level of discharge in an atrium shall be permitted to be open to the
level of discharge where such level of discharge is protected in accordance with
8.6.7.”
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This is the interior exit discharge.
This is one of three stairwells in the
building. This exit meets all the
requirements posted by section 7.7.2
of NFPA 101 2012.

Figure 16 Interior exit discharge

The Exit discharge requirements above have all been met by this building.
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Figure 18 Second Floor Exit Plan

Page 40 of 87



|

—B

Exterior discharge exit onto
a public way. This stairwell

i Interior discharge exit into

the first floor lobby. This
stairwell services the 2nd
and 3rd floor with 1st floor
access.

services the 2nd and 3rd
floor with 1st floor access.

—®

Exterior discharge exit onto
a public way. This stairwell
services the 2nd and 3rd

floor with 1st floor access.

uuuuuuuuuu

Exit Sign Locations
NFPA 101 code requirements

Figure 19 Third Floor Exit Plan

Occupancy Type New Apartment Buildings CH. 30:

° Section 30.2.1

0 Marking of Means of Egress

“Mean of egress shall have signs in accordance with Section 7.10 in all buildings
requiring more than one exit.”

Occupancy Type Storage Ch. 42:

° Section 42.2.1

0 Marking of Means of Egress

“Mean of egress shall have signs in accordance with Section 7.10”

General:

e Section 7.10.1.2.1 “Exits, other than main exterior exit doors that obliviously and clearly
are identifiable as exits, shall be marked by an approved sign that is readily visible form
any direction of exit access.”

e  Section 7.10.1.2.2 “Horizontal components of the egress path within an exit enclosure
shall be marked by approved exit or directional exit signs where the continuation of the

egress path is

not obvious.”
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IBC Code Requirements

Section 7.10.1.5.1 “Access to exits shall be marked by approved, readily visible signs in
all cases where the exit or way to reach the exit is not readily apparent to the
occupants.”

Section 7.10.1.5.2 “New Sign placement shall be such that no point in an exit access
corridor is in excess of the rated viewing distance or 100ft, whichever is less, from the
nearest sign.

Section 1011 Exit Signs

O

Section 1011.1 Where required

“Exits and exit access doors shall be marked by an approved exit sign readily
visible from any direction of egress of travel. The path of egress travel to exits
and within exits shall be marked by readily visible exit signs to clearly indicate
the direction of egress travel in cases where the exit or path of egress travel is
not immediately visible to occupants. Intervening means of egress doors within
exits shall be marked by exit signs. Exit sign placement shall be such that no
point in an exits access corridor or exit passageway is more than 100 feet or the
listed viewing distance for the sign, whichever is less, from the nearest visible
exit sign.

Exceptions:

1. Exit signs shall not required in rooms or areas that
require only one exit or exit access.

2. Main exterior exit doors or gates that are obliviously
and clearly identifiable as exits need not have exit signs
where approved by the building official.

3. Exit signs are not required in occupancies in Group U
and individual sleeping units or dwelling units in Group
R-1, R-2, or R-3.

4. .7
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Figure 20 First floor ex



Figure 21 Second floor exit sign locations
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Figure 22 Third floor exit sign locations
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Doors
NFPA 101 code requirements

Occupancy Type New Apartment Buildings CH. 30:

e  Section 30.2.2.1 Doors
“Doors complying with 7.2.1 shall be permitted.”
e Section 30.2.2.2.4

“Apartment occupancies shall be exempt form the re-entry provisions of 7.2.1.5.8 where
the exit enclosure serves only one dwelling unit per floor, and such exit is smokeproof

enclosure in accordance with 7.2.3.”

Occupancy Type Storage Ch. 42:

e  Section 42.2.2.2.1 Doors
“Doors complying with 7.2.1 shall be permitted.”

Stairs
NFPA 101 code requirements

Occupancy Type New Apartment Buildings CH. 30:

e  Section 30.2.2.3.1 Stairs
“Stairs complying with 7.2.2 shall be permitted.”

Occupancy Type Storage Ch. 42:

e  Section 42.2.2.3.1 Stairs
“Stairs complying with 7.2.2 shall be permitted.”

General:
e  Section 7.2.2.2.1.1 “Stairs shall meet the following criteria:

1) New stairs shall be in accordance with Table 7.2.2.2.1.1(a) and 7.2.2.2.1.2.
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Table 7.2.2.2.1.1(a) New Stairs

Dimensional Criteria

Feature ft/in. mm
Minimum width See 7.2.2.2.1.2.
Maximum height of risers 7in. 180
Minimum height of risers 4in. 100
Minimum tread depth I1in. 280
Minimum headroom 6 ft 8 in. 2030
Maximum height between 12 ft 3660

landings
Landing See 7.2.1.3, 7.2.1.4.5.1, and
72232

Table 14 New stairs

Section 7.2.2.2.1.2 Minimum New Stair Width

A)

C)

D)

E)

“Where the total occupant load of all stories served by the stair is fewer than 50,
the minimum width clear of all obstructions, except projections not more than 4 %
in. at or below hand rail height on each side, shall be 36 in.

Where stairs serve occupant loads exceeding that permitted by 7.2.2.2.1.2(A), the
minimum width clear of all obstructions, except projections not more than 4 % in.
at or below handrail height on each side shall be in accordance with Table
7.2.2.2.1.2(B) and the requirements of 7.2.2.2.1.2(C), 7.2.2.2.1.2(D), 7.2.2.2.1.2(E),
and 7.2.2.2.1.2(F).

The total cumulative occupant load assigned to a particular stair shall be that stairs
prorated share of the total occupant load, as stipulated in 7.2.2.2.1.2(C), and
7.2.2.2.1.2(E), calculated in proportion to the stair width.

For downward egress travel, stair width shall be based on the total number
occupants from stories above the level where the width is measured.

For upward egress travel, stair width shall be based on the total number of
occupants from stories below the level there the width is measured.

The clear width of the door openings discharging form stairways required to be a
minimum of 56 in. wide in accordance with 7.2.2.2.1.2(B) shall be in accordance
with 7.2.1.2.32(9).
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Landings

Handrails

Table 7.2.2.2.1.2(B) New Stair Width

Total Comulative Width
Occupant Load Assigned
to the Stair in. mm
<2000 persons 44 1120
=2000 persons 56 1420

Table 15 New stair width

Section 7.2.2.3.2.1

“Stairs shall have landings at door openings, except as permitted in 7.2.2.3.2.5.”
Section 7.2.2.3.2.2

“Stairs and intermediate landings shall continue with no decrease in width along the
direction of egress.”

Section 7.2.2.3.2.3

“In new buildings, every landing shall have a dimension, measured in the direction of
travel, that is not less than the width of the stair.”

Section7.2.2.4.1.1

“Stairs and ramps shall have handrails on both sides, unless otherwise permitted in

7.2.24.1.50r7.2.2.2.4.1.6.”

Section 7.2.2.4.1.2

“In addition to the handrails required at the sides of stars by 7.2.2.4.1.1, both of the

following provisions shall apply:

1) For new stairs, handrails shall be provided within 30 in. of all portions of the required
egress width.”

Interior Finish Requirements

NFPA 101 code requirements

Occupancy Type New Apartment Buildings CH. 30:

Section 30.3.3 Interior Finish
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o Section 30.3.3.1 General
“Interior finish shall be in accordance with section 10.2”
o Section 30.3.3.2 Interior wall and ceiling Finish
“Interior wall and ceiling finish material complying with section 10.2 shall be
permitted as follows:
(1) Exit enclosures — Class A
(2) Lobbies and corridors - Class A or Class B
(3) Other Spaces — Class A, Class B, or Class C”

Occupancy Type Storage Ch. 42:

e Section 42.3.3 Interior Finish
o Section 42.3.3.1 General
“Interior finish shall be in accordance with section 10.2”
o Section 42.3.3.2 Interior wall and ceiling Finish
“Interior wall and ceiling finish material complying with section 10.2 shal be
Class A, Class B, or Class C in storage areas and shall be as required by 7.1.4 in
exit enclosures.”

General:

e Table A10.2.2 Interior Finish Classifications limitations recommends for storage
occupancies are as follows:
Exit enclosures — Class A or Class B
Lobbies and corridors - Class A, Class B, or Class C
Other Spaces — Class A, Class B, or Class C
e Section 10.2.3.4 summarizes the Class A, Class B, and Class C requirements that each
category will need to meet to be classified in one of those classes.

Pre-Movement Behavioral Response and Timed Evacuation

Psychological Characteristics

In the SFPE handbook Chapter 11 Section 3 outlines seven psychological and physical processes that are
related to pre-movement time. Below is a brief description of each:

* Recognition — This is when the individual identifies the ambiguous fire cues as an indication of
afire incident. These cues may be wither audio or visual. These cues may not be clear on what
type of incident is occurring as well.

¢ Validation — This is when the individual seeks more information regarding the initial
ambiguous fire ques. This is in order to confirm or deny the cues that have been given to them.
It also consists of attempts by an individual to determine the seriousness of the threat cues
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¢ Definition — Consists of attempts by the individual to relate the information concerning the
threat to some of the variables, such as the qualitative nature of the threat, the magnitude of
deprivation of the threat, and the time context.

¢ Evaluation — May be described as the cognitive and psychological activities required for the
individual to respond to the threat. The individual’s ability to reduce his or her stress and
anxiety levels becomes the essential psychological factor. In the threat situation created by a
fire, evaluation is the process involved in the decision to react by fight or flight. In the
evaluation process, an individual’s cultural influences and assumption of a particular role may be
very important in formulating defense or escape plans.

¢ Commitment — Consists of the mechanisms the individual uses to initiate the behavior
required to fulfill defense plans conceptualized in the evaluation process. This is when the
individual decides whether to stay and fight the fire or evacuate.

* Reassessment — The process of reassessments and over commitment may be the most
stressful. This is when they realize what they have tried earlier did not work and will need to
formulate a new plan.

¢ Individual — This one factor that differs from person to person. Based on their background,
age, gender, and life experiences. This has a major influence on how they go through the other
six factors.

Building Characteristics
There are six building characteristics that can help reduce the pre-movement times of the occupants.
These are outlined in the SFPE handbook Chapter 12 Section 3:

* Types of warning systems — The typical fire alarm is the least affective when trying to notify
occupants of a fire. This is often due to false alarms. The best way to achieve a quicker
response is with a live voice communication system. This will provide more clear information of
the fire and allow people to make decisions quicker.

¢ Building layout and Wayfinding — This is based on the complexity in the building layout. The
more complex the layout the more time an occupant will have to take to decide on their action
based on trying to find their way out.

¢ Visual Access — This is the action of being able to see how others in the building are reacting to
the cues and or strobe lighting that goes off. Not all buildings are laid out so others can see how
other occupants are reacting, but adding this in the design should help speed up egress.

¢ Focal Point — This could be a stage or movie screen for example. In the event of a fire the full
lighting will need to go on and the activities are to stop and let the occupants focus on the
emergency and how to exit.

¢ Training — having occupants well trained can lead to fast response times for the building. The
building will need to have a sufficient number of well-trained occupants to make this effective.
Having these people throughout the building will speed up response times because they will be
able to give direction to people.
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¢ Frequency of False Alarms — The number of false alarms in a building and the frequency of
them could affect response times. This can make the occupants not to want to respond due to
the fact it could be perceived as a waste of time and will be less receptive of cues.

Occupant Characteristics
There are six occupant characteristics that can help reduce the pre-movement times of the occupants.
These are outlined in the SFPE handbook Chapter 12 Section 3:

¢ Familiarity — Occupants who are familiar with the building and have participated in evacuation
drills before and are aware of the evacuation procedure are more likely to evacuate more
quickly.

* Responsibility — If the occupant feels like it is there responsibility they are more likely to
respond more quickly. Usually in public places people don’t feel it is their responsibility to act
they will wait to be told what to do.

¢ Social Affliction — Occupants tend to find the people there with or know closely before they
evacuate the building. This could delay the response time depending on how spread out they
are.

¢ Commitment — Occupants who are committed into an activity take a long time to react toward
an unexpended situation. The occupants don’t want to lose where their at, so if the activity is
stopped people will respond more quickly.

¢ Alertness and limitation — this is due to occupants either having a lowered level of alertness
(Sleeping) or having a disability that would hinder their ability for a quick response. It is good to
know the approximate number of these people in a building at any given time of the day to
know how long response times may take.

e Staff or warden — The training of staff or wardens in the building will help speed along the
process. They will need to be easily recognizable so other occupants are aware of who they are.

Pre-Movement Evaluation

For this project the building in question will be filled with trained military personal. These
people are trained to react and respond accordingly to their protocols. This building will be equipped
with a NFPA 72 fire alarm system, which will include audio and visual notification. This will aid in the
pre-movement times of the occupants. Since these people will live in this building they will feel
responsible for what happens in the building as well. The layout of the building is very simple and easy
to find ways out. The alertness of these individuals is good even when they are sleeping. For their
psychological responses they have been trained on how to deal with fires. They will also be aware of the
evacuation procedures in the building.

Timed Evacuation
Evacuation of a building is a crucial part of a building design. On top of having enough exits to be able to
handle the occupant load we also need to do it efficiently in a timely manner. Using the NFPA
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Handbook and SFPE Handbook for the following Hydraulic timed egress calculations we are able to see
how long it will take to exit the building in question.

Floor Floor Area [Occupancy
1st 38,574 380
2nd 37,029 256
3rd 37,778 260
Clear Boundry [Effective | Effective Max Spec. Max Flow Speed
R . i Flow Rate Between
Egress Paths Width Layer Width Width (persons
(Inches) (Inches) | (Inches) | (Feet) (Table /Min) Floors
4.2.8) (min/Floor)
Stair wells 48 12 36 3 18.50 56 0.36
Door #1 36 12 24 2 24.00 48 0.36
Door #2 72 12 60 5 24.00 120 0.36
Corridors 60 16 44 3.67 24.00 88 0.36
Constants
a-Constant 2.86|Table 4.2.5
K-Egress Constant 212|Table 4.2.5
Max Specific Flow 0.175|persons/min/ft
Stair conversion Factor 1.85[Table 4.2.6
Floor to Floor Height 11|ft
Total occupancy on 3rd & 2nd floor 520|People
Discharge rate 48|Persons/Min
Number of exits 3
Occupants per exit 173|People
Time to exit third floor to stairs 3.61(Min
Stairwell travel time 0.36|Min
Pre-Movement time 2.5|Min SFPE Handbook Table 3-12.2
Total time to evacuate 3rd & 2nd floor 6.47|Min

Table 16 Egress time calculations

From the above calculation we are able to see that the total time need to evacuate the building is 6.47
minutes. The first floor did not need to be calculated due to the fact that in the NFPA and SFPE
Handbooks it is referenced that the first floor would be completely evacuated by the time the other
floors would be evacuated. The assumptions were made to be conservative in the times. From the SFPE
Handbook Section 3 Chapter 12 Evacuation Times | used Table 3-12.2 “Delay times derived from actual
fires” for the pre-movement time. | used the Mean value for the Mid-rise apartment buildings with a
good fire alarm because that most closely relates to the structure under review. This will help in giving a
more realistic egress values. There is a possibility pre-movement times could be larger due to the fact
an occupant may not awake for the alarm. The density is greater than what would be present to cover a
worst case scenario. This building is also separated into three buildings with fire walls and would be
able to shelter the other buildings occupants and would allow for this time to be able to egress. The
limitations of this calculations is that everyone would be up and ready for this. This building has
sleeping accommodations and will add to increase times at night when people are sleeping.
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Water Based Fire Suppression

Water Supply

The water supply for the building was supplied by CH2M Hill and was performed on February 07, 2012.
Static Pressure (psi): 47

Flow Pressure (psi): 46

Discharge Flow Rate (gpm): 1190

10% reduced Static Pressure (psi): 42.3

10% reduced Flow Pressure (psi): 41.4

The underground feed main is a 12” ductile iron line. The size of the Fire Sprinkler Lateral, which will
feed the sprinkler system has not been designed yet. It was assumed that a 6” line was used and placed
at a distance of 350 ft away from the building. This is because UFC 3-600-01 Section 3-7.1.7 states that a
minimum of a 6” pipe will be used. It was also assumed that the depth of the frost line was 48” and
placed the branch line at a depth of 72”. That will be in acceptance to NFPA 13R Section 10.4.2 “The top
of the pipe shall be buried not less than 1 ft. below the frost line for the locality.

There will be one Fire Department connection provided on this building in accordance with NFPA 13R
2010.

NFPA 13R 2010 Section 6.11.1

“At least one fire department connection shall be provided for buildings, accessible by fire department,
that exceed 2000 ft2 or are more than a single story.”

NFPA 13R 2010 Section 6.11.2

“Fire Department connections shall be at least 1 % in.”

Automatic Sprinkler System

The automatic sprinkler systems is going to be a standard wet pipe system. The design of the system
will be based on UFC 3-600-01, NFPA 13R, and NFPA 13. Appendix A contains the drawings for the
design of the system and has all the general note, specific notes, and details for the project.

The main design of the system is first covered by UFC 3-600-01 4-2 for Automatic Sprinkler Systems.
Below is a list of some of the requirements that are coming from this code. All other requirements that
are not listed in UFC 3-600-1 will come from NFPA 13R and NFPA 13 when directed to.

Section 4-2.3.1 Sprinkler Density and Hose Stream Requirements

“Building and structures requiring sprinkler protection must be provided with sprinkler systems that are
designed using the Area/Density Method of NFPA 13, \2\ except the design density, design area, hose
stream allowance and duration of supply requirements for non-storage occupancies must be in
accordance with FM Global Loss Prevention Data Sheet 3-26, Fire Protection Water Demand for Non-
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Storage Sprinklered Properties Tables 1 through 4, including the revised Table 2 in FM Engineering
Bulletin 04-12. /2/“

Section 4-2.3.6 Sprinkler Coverage

“In buildings protected by automatic sprinklers, sprinklers must provide coverage throughout 100
percent of the building except as permitted by NFPA 13. This includes, but is not limited to, telephone
rooms, electrical equipment rooms, boiler rooms, switchgear rooms, transformer rooms, and other
electrical and mechanical spaces. Coverage per sprinkler must be in accordance with NFPA 13, except
that it must not exceed 225 sq ft (21 sq m) for light hazard occupancies or 130 sq ft (12.1 sq m) for
ordinary hazard.

Exception 1: Facilities that are designed in accordance with \2\ NFPA 13R, Installation of Sprinkler
Systems in Low-Rise Residential Occupancies /2/ up to and Including Four Stories in Height and NFPA
13D, Installation of Sprinkler Systems in One- and Two-Family Dwellings and Manufactured Homes.

Exception 2: Sprinklers may be omitted from small rooms in specific occupancies in accordance with
NFPA 101.”

Section 4-2.4.3

“Provide a minimum clearance of 3 feet (915 mm) in front of all equipment and 6 inches (152 mm)
behind the equipment, i.e., control valves, backflow preventer, check valves, floor control valve
assemblies, etc.”

System Components
There are many components that make up an automatic wet sprinkler system. Below is a list and
descriptions of some major components of the system.

Sprinklers

e Tyco rapid response residential sprinkler head (TY4234).
K-Factor: 6.9

Wet Pipe

Max Coverage: 20 ft. x 20 ft.

Temperature rating: 155 F

Minimum flow: 22 GPM

Minimum Pressure: 10.2 PSI

Recessed type installation

o O 0O O O O O O

Minimum spacing 8ft.

o Deflector to ceiling: 1-1/4 to 4 inches
e Tyco Pendent sprinkler (TY4951)

o K-Factor: 8.0
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o Wet Pipe
o Temperature rating: 155 F
o Minimum spacing 8ft.

Pipe

o The pipe used in this system is BlazeMaster CPVC.
o Riser: 3” pipe
o Main Line: 3”Pipe
o Main Branch Line: 2”
o Branch Line: 1.5”
e The underground pipe will be Blue Brute C-900 PVC.
o Underground: 6” pipe

Hardware

e Backflow Preventer

o Watts Series 709 Double Check Valve
e Check Valve

o Viking Easy Riser Swing Check Valve

Attached in Appendix E are components cut sheets with more in-depth details about each component
along with a few others.

Hydraulic Calculations

The hydraulic calculations will be in accordance with UFC 3-600-01. The UFC code for the type of
building | am using requires that we use FM Global Engineering Bulletin 04-12 for the Area/Density
method. This is referenced in UFC 3-600-01 Section 4-2.3.1. The apartments and lobby areas are
classified as a hazard category HC-1. The Utility and equipment rooms are classified as hazard category
HC-2.

HC-1

WET 0.1/1500, Hose demand 250, K-factor 5.6 or greater, Max area of 225 ft2

HC-2

WET 0.2/2500, Hose demand 250, K-factor 8.0or greater, Max area of 130 ft2

These codes for government jobs that use the UFC code take precedence over NFPA 13.
Calculation 1 Third floor

Occupancy: HC-1

Density: 0.1 gpm/ sq. ft.
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Area of operation: both Bedrooms and Closets totaling 408 sq. ft.
Hose Demand: 250 GPM

Sprinkler

Tyco

Ty2234

K-Factor: 6.9

Temperature: 155 F

The Manual Calculation showed that a demand of 372 GPM @ 37.7 PSI. See Appendix B for full
calculation.

The Computer Aided Calculation showed a demand of 338.4 GPM @ 39.36 PSI. See Appendix C for full
calculation.

These values are based on the most remote area. Both of these calculations prove that the water supply
provided will be enough for this project.

Calculation 2 First floor

Occupancy: HC-2

Density: 0.20 gpm/ sq. ft.

Area of operation: Entire mechanical room totaling 595 sq. ft.
Hose Demand: 250 GPM

Sprinkler

Tyco

Ty4951

K-Factor: 8.0

Temperature: 175 F

The Manual Calculation showed that a demand of 392 GPM @ 29.9 PSI. See Appendix B for full

calculation.
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The Computer Aided Calculation showed a demand of 355.1GPM @ 28.51 PSI. See Appendix C for full
calculation.

These values are based on the most remote area. Both of these calculations prove that the water supply
provided will be enough for this project.

Inspection, Testing and Maintenance

The inspection, testing and maintenance is governed by UFC 3-601-02. The system shall be maintained
in accordance to UFC 3-601-02, which reference that it will be covered by NFPA 25. Typically the system
is maintained by the building personal on a day to day basis and a sprinkler contactor is brought in for
the more involved portions.

Attached in Appendix F are references from NFPA 25 for the frequency of system and components
inspection, testing, and maintenance schedule.

Below are the Tables that can be found in UFC 3-601-02
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Table 2-2. Wet Pipe Sprinkler Systems ITM Tasks

Frequency Component Tasks
Monthly 1. Control Valves (without | 1. Verify valve position.
seal, lock, or electric
supervision)
Annual 1. Control Valves (sealed, | 1. Verify valve position.

locked, or electrically

supervised)
2. Waterflow Alarm 1. Operate to verify initiation and
Devices receipt of alarm.

2. Verify alarm test valve alignment
and tamper switch (if sealed or
electrically supervised).

3. Alarm Valve and Trim 1. Visually check the exterior of
valves, gauges, trim alignment.

2. Verify valve pressure and
legibility of the hydraulic
nameplate.

4. Main Drain 1. Conduct a main drain test to

. Document static and residual

. Compare results with results

. Verify that the results are within

verify supply (valve position).

pressure readings on a 3- by
5-inch (3x5) tag and secure it to
the system pressure gauge.

from previous main drain tests
and original acceptance test.

acceptable limits or identify
correclive measures.

Table 2-2. Wet Pipe Sprinkler Systems ITM Tasks (Continued)

Frequency Component Tasks
Annual 5. Fire Department 1. Verify accessibility and condition.
(Continued) Connection 2. If caps are removed or missing,
check for obstructions.
2 Years 1. Control Valves 1. Operate valve through entire
travel to verify function.
2. Lubricate valves and stems fo
ensure operability.
5 Years 1. Alarm Valve 1. Clean and inspect internally to
verify condition.
2. Anti-freeze Loops 1. Confirm correct solution mixture.
10 Years | 1. Gauges 1. Recalibrate or replace gauges.
20 Years | 1. Fast Response 1. Test sample sprinklers to verify
Sprinklers and Extra response characteristics.
High Temperature
Sprinklers
50 Years | 1. Standard Sprinklers 1. Replace or test a sample of
sprinklers to verify response
characteristics.
Following | 1. Main Drain (following 1. Conduct main drain test to verify
System maintenance or repair supply (valve position).
Modification action requiring the
or Repair water supply to be shut
off)
As Part of | Entire System Visually check:
Building 1. Pipe hangers.
Inspection 2. Sprinklers for obstruction.
3. Piping for leaks.
4. Riser condition.
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Fire Detection, Alarm and Communication Systems

Overview of Fire Alarm System

The fire alarm system design will be based on UFC 3-600-01, NFPA 72, NFPA 70 and NFPA 101. Appendix
G contains the drawings for the design of the system and has all the general note, specific notes, and
details for the project. The Fire alarm will be designed around a fully addressable system containing
detection, notification, signaling and mass notification components.

The main design of the system is first covered by UFC 3-600-01 section 5 for Fire Alarm Systems. Below
is a list of some of the requirements that are coming from this code. All other requirements that are not
listed in UFC 3-600-1 will come from NFPA 72, NFPA 70 and NFPA 101 when directed to.

Section 5-1.1 Standard

“Facility emergency notification systems including fire alarm (detection, notification, and signaling)
and/or mass notification shall be addressable voice notification systems. \3\ Class B pathways for
addressable detection, notification, and signaling circuits meet all minimum/necessary DOD performance
requirements. /3/ Class C, D, and E pathways are not approved for use.”

Section 5-2.1 Fire Alarm Reporting Systems Applications

“Fire alarm reporting systems are the base-wide reporting systems that connect the building fire alarm
control panel(s) to \2\ a constantly attended location staffed with qualified operators for the receipt and
processing of emergency communications. /2/ Required systems are to be digital, telephonic, radio, or
supervised conductor types. Consider compatibility of extensions of fire reporting systems with existing
equipment.”

Section 5-3 Fire Alarm Evacuation Systems

“These systems consist primarily of manual pull stations and notification appliances. Combination
systems (evacuation, detection, and/or mass notification) shall comply with the requirements of this
paragraph entitled “Fire Alarm Evacuation Systems” and the paragraph entitled, “Automatic Fire

””

Detection Systems”.
Section 5-3.1 Applications

“Fire alarm evacuation systems must be provided in the following locations:
e Buildings required by NFPA 101.

e Buildings requiring automatic detection or suppression systems.”

Section 5-4 Automatic Fire Detection Systems
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“Combination systems (evacuation, detection, and/or mass notification) shall comply with the
requirements of the paragraph entitled “Fire Alarm Evacuation Systems” and this paragraph entitled,

” 9

“Automatic Fire Detection Systems”.
Section 5-4.1 Automatic Fire Detection Systems Applications

“Fire detection systems must be provided in areas required by this UFC and should be limited to these
applications. Detection systems must be provided in areas requiring fire detection by NFPA standards
and specific criteria contained in this UFC. Where automatic sprinklers are provided other/additional
initiating devices are only provided when specifically required by this UFC, referenced documented, or
when an exemption is approved by the service AHJ. “

Section 5-6.7 Sleeping Rooms and Duty Rooms

“Provide 24 Vdc photoelectric analog/addressable smoke detectors in all barracks, dormitories, lodges,
temporary or transient living facilities sleeping rooms and entry/common area to bedrooms, and duty
rooms located in business or other occupancies.

The smoke detectors shall be provided with sounder bases.

Smoke detectors in sleeping rooms must cause the sounder base to activate for all smoke detectors in
that suite and an alarm signal to activate at the FACP, but must not activate the building’s evacuation
alarm.”

Fire Signatures and Detection Devices

There are for this project two types of fire detection devices. The first is the fire sprinkler heads. The
sprinkler system is described in the water based fire suppression system. The sprinkler head that is
being used in the majority of the facility is a Tyco 2234 with a K-factor of 6.9 at a temperature rating of
155 degrees Fahrenheit, which is a fast response style. The spacing for this was based on NFPA 13 and
NFPA 13R. Once the sprinkler head is activated the water will flow from the head and will allow the
water flow device to activate and put the fire alarm system into alarm.

The second type of device is a ceiling mounted smoke detector. The smoke detectors are placed in
sleeping areas and hallways primarily. The type of smoke detector is a Siemens (S54320-F4-A2)
photoelectric smoke detector with a sounder base. This detector uses light scattering detection
principle. This is the main type of smoke detection in the building. The location, spacing and placement
of this device was in compliance with NFPA 72.
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Fire Alarm System Type and Requirements

The Fire alarm panel that is being used for this project is a Siemens FireFinder XLSV. It is a fully
addressable digital emergency voice alarm and communication system. This panel is going to be located
in the mechanical room. The panel receives alarm, supervisory, and trouble signals from all parts of the
facility. The panel contains a digital alarm communicator transmitter (DACT) that connects the building
with a remote supervisory station for the transmissions of signals to the remote station. This panel will
then be remotely monitored at a 24 hour staffed location on base. The requirements of that have been
set forth by the UFC and NFPA have been meet by this panel. In general it covers the rules of clearing a
trouble, supervisory or alarm signal on the panel. The fire alarm matrix is included in the fire alarm
drawings to see how the sequencing will work for this system.

Alarm Notification Appliances

There are three types of notification devices in this building the speaker, speaker/strobe and strobe.
These are both provided by Cooper. These speakers allow for three audible settings 90, 95, and 99 db.
The location, spacing and placement of these devices were in compliance with NFPA 72. The speakers
are placed in each bedroom unit and the speaker strobes are placed in all public areas. The speaker
setting that would be used in the application would be the 90 db. Based on table A18.4.3 of NFPA 72
the ambient sound for a residential occupancy would approximately be 35 db. To ensure that occupant
will hear the alarm NFPA 72 section 18.4.3. requires that the speaker be at least 15 db over the ambient
noise level at the furthest point. The rule of thumb is that every time the distance double you lose 6 db.
The level that needs to be reached in this facility is 50 db in all residential areas. With the device being
set a 90 db at 10 ft. the total distance that these can be spaced is well over what they will actually be
spaced. The spacing in this project will be based on the spacing of the light which will be every 45 ft. At
45 ft. the speaker level will be above 78 db which is well above the required 50 db. There for this
speaker/strobe is acceptable.

The only other are of concern is the mechanical room. The max distance in the room is 20ft and would
make the speaker need to be at least 85 db and using the higher rated speaker setting at 90 allows for
this area to be in compliance. The third is just the mass notification strobe. For the army they are
required to use amber strobes for the mass notification system. These will be placed in the same
locations of the clear strobes and be of the same intensity. These strobes will also need to synchronized
together per the code.

Mass Notification System
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The mass notification system provided for the building is intended to provide real-time information to
building occupants and personnel in the immediate vicinity of the building. The MNS is covered in UFC 4-
021-01 and the following comes from section of the code.

4-3.4 Notification Appliance Network. A notification appliance network consists of a set of audio
speakers, strobes, and text signs (when required) that are located to alert occupants and provide
intelligible voice and visual instructions.

4-3.4.1 Audio Appliance Network. Speakers are provided at all locations in the building and also around
the building at entrances/exits and other outdoor areas (such as courtyards) commonly used by the
building occupants. Important design considerations for the audio speakers include intelligibility and
audio intensity.

4-3.4.2.2 Army and Air Force installations shall use a clear strobe for fire and an amber strobe for MNS.
Use of text signs is optional and at the discretion of the DOD installation. If provided, text signs shall be
located over the door to each egress stairwell and over (or adjacent to) the substantial means of egress
from the level of discharge. Exterior exit doors from a single room (e.g., mechanical or electrical rooms)
do not require a text sign.

4-4.2 The mass notification system is allowed to temporarily override fire alarm audible/visible
notification appliances to provide intelligible voice commands during simultaneous fire and terrorist
events. All other features of the fire alarm system, including transmission of signals, are required to
function properly. MNS messages take priority and continue to override the fire alarm until the MNS
message is either manually or automatically ended. If not manually ended, the MNS message will
automatically end after 10 minutes. If the MNS is used to override the fire alarm, supervisory signal is
required to be annunciated at the ACU and LOC, and transmitted to the government monitoring station.

Power Requirements for Fire Alarm and Communication Systems

UFC-3-600-01
5-3.2.8 Notification Appliances.

Provide a minimum of 1 notification appliance circuit per floor. Each notification appliance circuit
loading must not exceed 80% of its rated output.

5-3.5 Secondary Power

Provide rechargeable sealed lead acid type batteries to operate the fire alarm system under supervisory
conditions for 48 hours and audible and all alarm devices for an additional 10 minutes. Where the fire
alarm system also serves as a Mass Notification System refer to UFC 4-021-01, Design and O&M: Mass
Notification Systems, for additional requirements
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5-4.5 Panels Used for the Control and/or Release of Fire Suppression Systems

5-4.5.4 Provide rechargeable lead calcium or sealed lead acid type batteries to operate the releasing
panel under supervisory conditions for 48 hours and alarm conditions for an additional 15 minutes.
Include the full current draw of the solenoid in the battery calculations.

UFC-4-021-01

3-6.11 Battery Backup Power. Each HPSA site shall be equipped with backup batteries to supply power
for a minimum of 72 hours of electrical supervision following the loss of normal charging power,
followed by a total of 60 minutes of full load operation at the end of the supervisory period.

Below in the table is the longest and worst case scenario for Voltage drop on the third floor. Using 12
gauge wire we are able to use 68 speakers.
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Appliance Appliance Appliance Distance from Wire Voltage @ Voltage
number description current draw__|previous appliance [Gauge Appliance Drop % Drop
1|Speaker 0.021 40 12 20.18 0.22 1.08
2|Speaker 0.021 12 12 20.11 0.29 1.40
3|Speaker 0.021 12 12 20.05 0.35 1.71
4[Speaker 0.021 12 12 19.98 0.41 2.02
5[Speaker 0.021 25 12 19.85 0.54 2.66
6|Speaker 0.021 12 12 19.79 0.60 2.96
7|Speaker 0.021 12 12 19.73 0.66 3.26
8|Speaker 0.021 12 12 19.67 0.72 3.55
9|Speaker 0.021 12 12 19.61 0.78 3.83
10|Speaker 0.021 25 12 19.49 0.90 4.42
11|Speaker 0.021 12 12 19.43 0.96 4.70
12|Speaker 0.021 12 12 19.37 1.01 4.97
13|Speaker 0.021 12 12 19.32 1.07 5.24
14|Speaker 0.021 12 12 19.26 1.12 5.50
15|Speaker 0.021 25 12 19.15 1.23 6.03
16|Speaker 0.021 12 12 19.10 1.28 6.29
17|Speaker 0.021 12 12 19.05 1.33 6.53
18|Speaker 0.021 12 12 19.00 1.38 6.78
19|Speaker 0.021 12 12 18.95 1.43 7.02
20|Speaker 0.021 25 12 18.85 1.53 7.50
21|Speaker 0.021 12 12 18.80 1.58 7.73
22|Speaker 0.021 12 12 18.75 1.62 7.96
23|Speaker 0.021 50 12 18.56 1.81 8.87
24|Speaker 0.021 50 12 18.38 1.99 9.76
25|Speaker 0.021 12 12 18.33 2.03 9.97
26[Speaker 0.021 12 12 18.29 2.08 10.18
27|Speaker 0.021 12 12 18.25 2.12 10.38
28|Speaker 0.021 12 12 18.21 2.16 10.57
29|Speaker 0.021 25 12 18.12 2.24 10.97
30|Speaker 0.021 50 12 17.96 2.40 11.75
31|Speaker 0.021 12 12 17.92 2.43 11.93
32|Speaker 0.021 12 12 17.89 2.47 12.10
33[Speaker 0.021 12 12 17.85 2.50 12.28
34|Speaker 0.021 12 12 17.82 2.54 12.44
35|Speaker 0.021 12 12 17.78 2.57 12.60
36|Speaker 0.021 12 12 17.75 2.60 12.76
37[Speaker 0.021 12 12 17.72 2.63 12.91
38|Speaker 0.021 12 12 17.68 2.66 13.06
39|Speaker 0.021 12 12 17.65 2.69 13.21
40|Speaker 0.021 12 12 17.63 2.72 13.34
41|Speaker 0.021 12 12 17.60 2.75 13.48
42[Speaker 0.021 12 12 17.57 2.78 13.61
43[Speaker 0.021 12 12 17.54 2.80 13.73
44|Speaker 0.021 12 12 17.52 2.83 13.85
45[Speaker 0.021 12 12 17.49 2.85 13.96
46[Speaker 0.021 12 12 17.47 2.87 14.07
47[Speaker 0.021 12 12 17.45 2.89 14.18
48|Speaker 0.021 12 12 17.43 2.91 14.28
49[Speaker 0.021 12 12 17.41 2.93 14.37
50|Speaker 0.021 12 12 17.39 2.95 14.46
51[Speaker 0.021 12 12 17.37 2.97 14.55
52|Speaker 0.021 12 12 17.35 2.98 14.63
53| Speaker 0.021 12 12 17.33 3.00 14.71
54|Speaker 0.021 12 12 17.32 3.01 14.78
55[Speaker 0.021 12 12 17.30 3.03 14.85
56[Speaker 0.021 12 12 17.29 3.04 14.91
57|Speaker 0.021 12 12 17.28 3.05 14.97
58[Speaker 0.021 12 12 17.27 3.06 15.02
59|Speaker 0.021 12 12 17.26 3.07 15.07
60|Speaker 0.021 12 12 17.25 3.08 15.11
61|Speaker 0.021 12 12 17.24 3.09 15.15
62[Speaker 0.021 12 12 17.23 3.10 15.18
63|Speaker 0.021 12 12 17.22 3.10 15.21
64|Speaker 0.021 12 12 17.22 3.11 15.23
65|Speaker 0.021 12 12 17.21 3.11 15.25
66|Speaker 0.021 12 12 17.21 3.11 15.27
67[Speaker 0.021 12 12 17.21 3.12 15.28
68|Speaker 0.021 12 12 17.20 3.12 15.28
Total 1.428 1023 17.20 3.12 15.28
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This Table below is the worst case scenario

Appliance Appliance Appliance Distance from Wire Voltage @ Voltage
number description current draw__|previous appliance [Gauge Appliance Drop % Drop
1|Strobe 0.3 45 12 19.83 0.57 2.81
2|Strobe 0.3 45 12 19.25 1.09 5.36
3|strobe 0.3 45 12 18.73 1.56 7.66
4[strobe 0.3 45 12 18.26 1.98 9.71
5[Strobe 0.3 45 12 17.85 2.34 11.49
6[Strobe 0.3 45 12 17.48 2.66 13.03
7[strobe 0.3 45 12 17.17 2.92 14.30
8|strobe 0.3 45 12 16.91 3.13 15.33
9|Strobe 0.3 45 12 16.70 3.28 16.09
10|Strobe 0.3 45 12 16.54 3.39 16.60
11]Strobe 0.3 45 12 16.44 3.44 16.86
Total 3.3 495 16.44 3.44 16.86
Below is the table for worst case scenario voltage drop for the strobes.
Appliance |Appliance |Appliance [Distance from Voltage @ |Voltage
number [description |current draw [previous appliance [Wire Gauge |Appliance |Drop  |% Drop
1|Strobe 0.3 45 12 19.827] 0.573| 2.810
2|Strobe 0.3 45 12 19.254| 1.094| 5.364
3|Strobe 0.3 45 12 18.732] 1.563| 7.663
4|Strobe 0.3 45 12 18.263| 1.980| 9.707
5[Strobe 0.3 45 12 17.847| 2.345| 11.495
6[Strobe 0.3 45 12 17.482| 2.658| 13.028
7|Strobe 0.3 45 12 17.169| 2.918| 14.305
8|Strobe 0.3 45 12 16.909| 3.127| 15.326
9|Strobe 0.3 45 12 16.700| 3.283| 16.093
10|Strobe 0.3 45 12 16.544| 3.387| 16.604
11|Strobe 0.3 45 12 16.440| 3.439| 16.859
Total 3.3 495 16.440| 3.439| 16.859
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Below is the table for worst case scenario battery calculations for the system.

For this case we will use a 26 AMP-Hour battery at all locations.

System Commissioning and Inspection, Testing and Maintenance

ITEM DESCRIPTION STANDBY QTY TOTAL ALARM QTY TOTAL
CURRENT STANDBY CURRENT ALARM
PER UNIT CURRENT PER UNIT CURRENT
(AMPS) PER ITEM (AMPS) PER ITEM
FACU Fire Alarm Control Unit 0.2300f X 1 = 0.2300 0.2300( X 1 = 0.2300
SD Smoke Detector 0.0003| X 20 = 0.0050 0.0041f X 20 = 0.0820
HD Heat Detector 0.0000f X 6 = 0.0000 0.0000( X 6 = 0.0000
RLY Strobe 0.0500{ X 11 = 0.5500 0.3000( X 1 = 0.3000
RLY Relay (not failsafe) 0.0000| X 15 = 0.0000 0.0210| X 15 = 0.3150]
HS Speaker-Strobe 0.0000| X 11 0.0000 0.0750| X 11 0.8250]
DH Door Holder 0.0650{ X 0 0.0000 0.0000( X 0 0.0000
ANN Annunciator 0.1000f X 1 = 0.1000 0.2000( X 1 = 0.2000
MS Manual Station 0.0014f X 4 = 0.0056 0.0014f X 4 = 0.0056
WE Waterflow Switch 0.0000f X 1 = 0.0000 0.0000( X 1 = 0.0000
TS Tamper Switch 0.0000f X 1 = 0.0000 0.0000( X 1 = 0.0000
0 0 0.0000f X 0 = 0.0000 0.0000f X 0 = 0.0000
0 0 0.0000] X 0 = 0.0000 0.0000] X 0 = 0.0000]
TOTAL SYSTEM TOTAL SYSTEM
STANDBY CURRENT (AMPS ALARM CURRENT (AMPS 1.9576
Prepared for: REQUIRED TOTAL REQUIRED REQUIRED TOTAL REQUIRED
STANDBY SYSTEM STANDBY | ALARM TIME SYSTEM ALARM
TIME (HRS) STANDBY CAPACITY (HOURS) ALARM CAPACITY
CURRENT (AMP-HOURS) CURRENT (AMP-HOURS)
(AMPS) (AMPS)
24 X 0.8906 0.083 1.9576| = 0.1625]
Prepared by: REQUIRED REQUIRED TOTAL TOTAL SAFETY ADJUSTED
STANDBY ALARM CAPACITY CAPACITY FACTOR BATTERY
CAPACITY CAPACITY (AMP-HOURS) |(AMP-HOURS) CAPACITY
(AMP-HOURS) (AMP-HOURS) (AMP-HOURS)
+ 0.1625 = 21.5369 21.5369( X 120%| = 26

The inspection, testing and maintenance is governed by UFC 3-601-02. The system shall be maintained
in accordance to UFC 3-601-02, which reference that it will be covered by NFPA 72. Typically the system
is maintained by the building personal on a day to day basis and a fire alarm contactor is brought in for

the more involved portions.

2-2.2 Fire Detection and Alarm Systems (out of UFC 3-601-02)

The type and frequency of ITM tasks for fire detection and alarm systems depend on whether the system

is monitored or not. Guidance on the tasks in Table 2-1 is contained in the “Inspection, Testing, and
Maintenance” section of NFPA Standard 72 (NFPA 72). Residential smoke detectors are addressed in

Chapter 3 of this UFC.

Below are the Tables that can be found in UFC 3-601-02
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Table 2-1. Fire Detection and Alarm System ITM Tasks

Frequency Component Tasks
Monthly . Control Panels and . Inspect panel condition
Annunciator Equipment (connections, fuses, light-emitting
(unmonitored only) diodes [LED]).
Annual . Control Panel and . Test to verify proper receipt of

Annunciator Equipment
(monitored)

alarm, supervisory, and trouble
signals (inputs} and operation of
notification appliances and
auxiliary functions (outputs).

. Verify that all lamps and LEDs

are illuminated.

. Load test backup batteries (when

provided).

. Initiating Devices:

a. Manual Fire Alarm
Stations

. Verify station is accessible

(visual).

b. Radiant Energy
Detectors (Optical
Detectors)

. Test to verify alarm initiation and

receipt.

. Verify no facility change that

affects performance.

¢. Gas Detectors

. Test to verify alarm initiation and

receipt.

. Verify no facility change that

affects performance.

. Notification Appliances

and Voice
Communication
(telephone, speakers,
horns, and strobe lights)

. Test to verify operability.

. Digital Alarm

Transmitters and
Receivers

. Test to verify operability.
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Table 2-1. Fire Detection and Alarm System ITM Tasks (Continued)

Frequency Component Tasks
2Years | 1. Initiating Devices:
a. Manual Fire Alarm 1. Operate to verify alarm receipt.
Stations
b. Heat Detectors 1. Test with a heat source to verify
(restorable) alarm initiating and receipt.
(Remove devices 2. Verify no facility change that
not required by affects performance.
UFC 3-600-01.)
c. Smoke Detectors 1. Test with manufacturer-approved
(single-station smoke simulant to verify smoke
detectors, system entry and alarm initiation and
detectors, and alr 2 :?:rei}fls? lﬁo facility change that
sampling detectars) affects performance.
(Remove devices
not required by
UFC 3-600-01 or
other directives.)
d. Supervisory Devices | 1. Test to verify initiation and receipt
(low air pressure, of supervisory alarm.
temperature, water
level)
5Years | 1. Smoke Detectors 1. Test detector sensitivity to ensure
(Remove devices that the detector has remained
not required by within its listed and marked
UFC 3-600-01.) sensitivity range (or 4 percent
obscuration light gray smoke, if
not marked).
As I_3a_rt of | Entire System 1. Visually check:
Building a. Detectors unblocked and
Inspection uncovered.

b. Panels secured and indicator
lamps functional.

c. Notification appliances in
place.

d. Manual stations in place and
unobstructed.

. Exercise evacuation notification
appliances for audibility, clarity,
and visibility.
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Performance Based Fire Protection

A performance-based design is used to create a unique set of requirements for a building based on
specific assumptions derived from the project design goals. Performance-based designs use a worst case
scenario to the building. The design assumptions can still restrict the future use of a facility based on the
outcome of the results. Implementing performance-based design requires close cooperation with the
authority having jurisdiction (AHJ) throughout the design and construction process.

Tenability Performance Criteria

This buildings tenability performance criteria will come from NFPA 101 2012 section 5.2 Performance
Criteria, since the IBC does not out line this. In section 502 they outline 4 methods to which to design
to. For the building in consideration Method 2 would be the best. Method2 is stated as follows:

“For each design fire scenario and the design specifications, conditions, and
assumptions, the design team can demonstrate that each room or area will be fully evacuated
before the smoke and toxic gas layer in that room descends to a level lower than 6 ft above the
floor. The timing of such evacuation means that no occupant is exposed to fire effects. Such an
evacuation requires calculation of the locations, movement, behavior of occupants, because fire
effects and occupants are separated by moving the occupants.”

This method is best for this project for the following reasons:

e Since this building will have residence living in them the fire load will vary from each
unit. This would make it very difficult to ensure that the fire affects would not reach the
occupants or stay above 6 ft. This building will have a NFPA 72 alarm system to notify
the occupants of any hazard. This will give the occupants ample time to escape prior to
the effects reaching 6ft.

e This building is going to be equipped with a NFPA 13R Sprinkler system. This will also
allow more time for egress when the sprinkler is activated and will slow the fire effect
when reaching the 6 ft limit.

e The location from the farthest point in a unit is 30ft from the exit and once in the
hallway it is no more than 90 ft to a stairwell or protected occupancy by a fire wall. That
is a short distance to travel with the occupant load that would be within those areas.

e The movement of the people will be relatively quick due to the fact there will not be any
handicapped people within the building. This building will also be kept orderly and will
not have an excess of standard obstacles.

e The Behavior of the occupants can be predictable because they will be trained on how
to evacuate and how to listen to orders very well.

e The above points should ensure that this method would be reasonable and can be
reached.
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Fractional Effective Doses (FED)

This is outlined in the SFPE Handbook, Section 2 Chapter 6 “Assessment of Hazards to Occupants
from Smoke, Toxic Gases and Heat”. Fractional effective doses is when the occupant after a
determinate time of exposure from gases would be rendered incapacitated due to these effects. This
would need to be considered for if the FED comes sooner than possible egress then people may not be
able to evacuate. We would want to make sure that ASET > RSET. ASET is the Available Safe Egress
Time, and RSET is the Required Safe Egress Time. So for this project based on how quickly it reached the
FED could change the number of exits or how egress is done. Occupants mind sets can change when
they are exposed to toxins.

As stated in Purser’s chapter:

“The behavioral and physiological effects of exposure to toxic smoke and heat in fires results in varying
degrees of incapacitation, which also may lead to death or permanent injury. These incapacitating
effects include the following:

1) Behavior-modifying effect of smoke and irritants on willingness to use escape routes.

2) Impaired vision resulting from the optical opacity of smoke and from the painful effects of
irritant smoke products and heat on the eyes.

3) Respiratory tract pain and breathing difficulties or even respiratory tract injury resulting from
the inhalation of irritant smoke, which may be hot. In extreme cases this effect can lead to
collapse within a few minutes from asphyxia due to laryngeal spasm and / or broncoconstriction.
Lung inflammation may also occur, usually after some hours, which can also lead to varying
degrees or respiratory distress.

4) Asphyxia from the inhalation of toxic gases, resulting in confusion and loss of consciousness.

5) Pain to exposed skin and the upper respiratory tract followed by burns, or hyperthermia, due
to the effects of heat preventing escape, which can lead to collapse.”

So we would want to make sure the occupants are out of the hazard area before any of the above
effects take effect. The LSC outlines the FED value for incapacitation as 0.8 for non-lethal exposure, and
an FED value of 0.3 for non-incapacitating exposure. Purser suggests a value of 1.0 for incapacitation
using the FED concept. For the FDS model we will use 3500 PPM CO from SFPE table 2-6.7 and 2-6.8.
This will lend to the ease of the program as it will calculate in that figure. In order to figure out in a fire
scenario when an occupant has inhaled a toxic dose the equation one would want to apply would be the
following equation given by Purser.
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Fyy = fraction of an incapacitating dose of all as-

phyxiant gases
II'._.-. — lrac Uiy ol an i|'|l.||}"||'t.i|.|'||.j|'|_'_'l dlose of OO

Fimy = fraction of an incapacitating dose of HCN (and
nitriles, corrected for NO,)
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VOO — moaltiplivativn fonton for CO=inedused Dy pre
venhlation

FED}, = fraction of an incapacitating dose of low-oxygen
hypoxia

FED,, = fraction of an incapacitating dose of CO,

Figure 23 Fractional Effective Doses Equation

Analysis of Fire Detector Response

The two detectors that are used in this project are the sprinkler and smoke detector. For the sprinkler |
used the Nuclear Regulatory Commission (NRC) estimating sprinkler response time sheet and the
DETACT (DETector ACTivation, time squared growth). The NRC model is a steady state model that uses
the Alpert ceiling jet model and the DETACT is a time squared growth. The fire scenario that is used is
carpet catching on fire in the bedroom. The bed room is roughly a 10’ X 10’ room that has a bed, desk
and not included in the space is a walk in closet. According to SFPE Handbook carpets have a HRR range
of 100 kW to 3 MW. For the NRC model | started with a 100 KW fire and the sprinkler would not
activate if the fire stayed at that steady state. The HRR that the sprinkler would activate at would be
450 kW steady state fire. This is in the range of carpet material. The sprinkler would activate at
approximately 3.29 minutes with a Convection HRR of 315 kW. Going along with this same fire scenario
in the DETACT model the sprinkler would activate at 3.85 minutes. The parameters in the DETACT
model was that it was slow growth curve with a RTI value of 50 for the quick response head. This makes
sense because the fire has a HRR 645 and is close to the value obtained in the NRC model. See the
below Table 17 for graphical analysis.

The smoke detector used the NRC model only. Now that we know the sprinkler response times and at
what HRR, we can use those values for the smoke detector to see the time difference. Plugging in the
value of 450 kW steady state fire, the response time would be 0.53 seconds. This is almost
instantaneous and a perfect condition and the room door is closed. | then ran the model with a larger
radius then the 10 ft. and maxed out the distance of the smoke detector of 30 ft and the response time
then moves to 1.84 sec. This is still a really quick response to the fire. Then looking at the Sprinkler
DETACT model at 3 minutes the HRR is roughly 100 kw and that would bring the sprinkler response time
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to 9 sec. This is a more ideal model for it is more realistic since the fire will grow slowly and not just be a
450 kW right away unless tampering is involved. Between the two detectors there should be able
amount of time to escape and the one sprinkler head should be able to extinguish the fire based on a
normal fire load of the room.

DETACT

—— Gas temp === Det.temp —e—HRR

140 1800

+ 1600

120
-
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»

% 80 // 1 1000 2
3 —1 :
H 60 > +800 &
/ /l“/ 1 600
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Table 17 Sprinkler DETACT Model

FDS Model Criteria (Dorm Room)

For the purpose of this project a performance based model will designed. Typically a project of this type
would not have any performance based fire protection. It would be based solely on prescriptive based
fire protection. This is due to cost and time. For this situation | did a dorm room fire with a source of
ignition as a trash can fire with 100 kw on a slow curve fire growth. We are going to evaluate the time of
smoke detection, time of sprinkler activation and smoke height. In order to get a realistic model you
need to run the model with the initial parameters as the inputs with all the devices active. Then you will
run the model to see when the sprinkler activates. At the time of activation you will then hold that heat
release rate out until the end of the duration of the model time. This will prevent the growth of the fire
during time of sprinkler activation. Once the second model is ran with the new updated criteria, one will
run a 3 model with the sprinkler devices not active and see how the fire spreads and grow without
them. The criteria that we were looking for in this model was the following:
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* Smoke Visibility at the 6ft mark
* SFPE Table 2-4.2
e Familiar with building Visibility 4m
* FED at the 6ft mark
* SFPE Table 2-6.7 and Table 2-6.8
* Incapacitation occurs at 3500 PPM CO
*  Temperature at the 6ft mark
*  SFPE Section 2 Chapter 6
*  Temperature of 200 C

From here we will see how the models performed. We had the sprinkler in the dorm room sleeping area
activate at 145 seconds with an initial smoke detection of 38 sec. In these types of fires at this time the
fire will either be suppressed to where it is located or completely extinguished. See the following

figures:

Figure 24 Smoke Detector Activation (38 Sec)
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Figure 25 Sprinkler Activation (145 Sec)
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Figure 26 CO levels @ 145 Sec above 3500 PPM
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Figure 27 Smoke Visibility @ 145 Sec, 6ft (4m under black line)

From these photos and the model we can see that the building and its fire protection features are
working as designed. This will allow for proper time to evacuate the building. Now comparing the hand
calculations to the fire model. In the hand calculations | was able to get the smoke detector to activate
at 9 sec and the model at 38 sec. The model time appears to be more accurate by the eye test. The
sprinkler activation is 231 sec to the model time of 145 sec. These both appear too accurate based on
the fire can grow a different rates with the same fire. This is possible due to maybe the location of the
fire. We had successful model performance based models based on our results.

The third model ran the fire without the sprinklers. | compared the fire at 300 sec for both with
sprinklers and without. It was almost equal in all areas except temperature. There was a large
temperature difference between the models. Both model still passed and | believe this is due to the size
of the room and the ability for the fire not to grow as rapidly as it could if it was put in a different
situation. But it is still shown that sprinklers had a great effect on the final outcome.

There is another possible model scenario for the building. It is the communicating space on the first and
second floor. This is not a likely scenario due to the fact there is very little items in this area and ignition
sources should not be present. But to see how the smoke would move in the space could be helpful if
there ever was a fire to see how it traveled between the two spaces.
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Conclusion and Recommendations

After all the research, design and modeling this Battalion Headquarters Complex building will be
code compliant. There were some unique issues like the 2-hr fire wall to meet the area requirement for
the building and the convenience opening “aka the mini atrium” connecting the first and second floor.
These issues were all easily resolved by the code that was being applied to it. This building and its
features would only warrant using the prescriptive based code based on the information that was
gathered for this building. There is one analysis that could be done to see if the building would meet all
the necessary requirements. This would be to do a fire model of the convenience opening connecting
the first and second floor. This would allow us to see if the prescriptive code would be enough to
protect that area of the building. My recommendation would be to perform a FDS model of that area
and see if the heat, visibility and FED would meet the requirements and allow the occupants enough
time to evacuate the building. The other option would be to seal that area as this is not absolutely
necessary feature to have and would add some additional floor space that could be used to add another
room or feature for the occupants. This R-2 structure has extra features that a typical R-2 would not
have since this one is military use. It has a mass notification system along with the normal addressable
fire alarm and sprinkler system. This extra feature will help in properly notifying the occupants of what
to do in each emergency situation. Since this building is of new construction there are not really any
other recommendations that could be given other than adding more cost and over designing the fire
protection features. We will have to see what changes there are over the years to see how we will
progress and then at that time we can see what could have been done better.
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Appendix A - Sprinkler System layout
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FIRE SPRINKLER SYSTEM DESIGN CRITERIA

GENERAL NOTES_ Tol-Brace Seismic Calculations

=DHUGHES

ASSOCIATES
ENGINEERS | CONSULTANTS | SCIENTISTS

Tol-Brace Seismic Calculations

SHEET INDEX

1. DESIGN AND INSTALL A COMPLETE WET FIRE SPRINKLER SYSTEM BASED ON NFPA #13R 2010. Hughes Assoclatas
2. ALL MATERIALS ON THE PROJECT WILL BE APPROVED BY THE ARMY CORP OF ENGINEERS.

Project Address: FPE 523 6 Centerpointe Drive Suite 76 Hughes Associates

Project Address: FPE 523

(:IIIJP’ER B-Line | ®TOLCO

6 Centerpointe Drive Suite 76

(:III.'IP’ER B-Line | ®TOLCO

3. PIPE SIZES WILL BE BASED ON THE NFPA #13R AND HYDRAULIC CALCULATIONS. La Palma, Ca 90623
4. AUXILIARY DRAINS WILL BE INSTALLED WHERE NECESSARY. NA 714-739-3870 N/A L2 Paime ca 20623 NUMBER TITLE 6 CENTERPOINTE DRIVE | SUITE 760
5. ALL WIRING AND PAINTING OF PIPE TO BE DONE BY OTHERS. N/A 739- LA PALMA | CALIFORNIA | 90623
6. HEADGUARDS TO BE INSTALLED IN ALL MECHANICAL, ELECTRICAL AND TELECOM ROOMS. N/A P 714.739.3870 | E 714.739.3869
Job # N/A Calculations based on 2013 NFPA Pamphlet #13 l__ :[ R E P R |:| —|— E C —|— :[ |:| N N |:| —|— E S A N D haifi |
DES'GN CRlTERlA_ Job # N/A Calculations based on 2013 NFPA Pamphlet #13 l—_ P O . O www.naltire.com

DETAILS

Brace Information Tolco Brace Components HAI PROJECT NO. 5994-000

Brace Information Tolco Brace Components

HYDRAULICALLY DESIGN THE SYSTEM PER UFC 3-600-01, 1 MARCH 2013, AND NFPA 13R

Maximum Spacing 45'0" (13.72 m) Tolco Component Fig. Number Adjusted Load . . . THE COPYING OR RE—-USE OF THIS
RESDENTIAL AREAS_ . ro Qs Fig Gl 2171e 81 e Spacing S Toleo Gomponent g, Number  AdjustedLoad FP1.0 AREA 1 FIRST FLOOR FIRE PLAN DOCUMENT, OR PORTIONS THEREOF, FOR

Maximum Brace Length (213 m) ! Maximum Brace Length 70" (213 m) Fig.4 Clamp 217 lbs (98 kg) ANY REASON OTHER THAN THE ORIGINAL
SPRINKLER SPACING SHALL BE BASED ON NFPA#13R AND THE LISTING OF THE HEADS. RESIDENTIAL AREA SHALL BE CALCULATED AT 0.10 GPM SF OVER THE Bracing Material 1" Sch.40 Fig.980 Universal Swivel 1382 Ibs (627 kg) i i 858 Lirfepse] Sl 1382 (bs (€27 PROJECT OR THE PURPOSE ORIGINALLY
THE MOST DEMANDING RESIDENTIAL SPRINKLERS IN THE MOST REMOTE COMPARTMENT PER NFPA 13R 2010 AND UFC 3-600-01. Bracing Material 1" Sch.40 ig. niversal Swive s (627 kg) INTENDED, WITHOUT THE CONSENT OF

*Calculation Based on CONCENTRIC Loading

i 30° Min. . ) )
Angle from Vertical *Please Note: These calculations are for Tolco components only. Use of any Calculation Based on CONCENTRIC Loading

*Please Note: These calculations are for Tolco components only. Use of any l__ P ]- ! ]- A R E A 8 l__ :|: R S —|_ l__ |— D D R l__ :|: R E P |— A N HUGHES ASSOC'ATES’ lNC' ls PROH'B'TED'

Angle from Vertical 30° Min.

other components voids these calculations and the listing of the assembly.

Assembly Detail

MECHANICAL, ELECTRICAL, LAUNDRY, UTILITY, MUDROOM, AND RECYCLE AREAS_

Least Rad. of Gyration 042" (11 mm)

other components voids these calculations and the listing of the assembly. N o

Least Rad. of Gyration 042" (11 mm) Revision Date

SPRINKLER SPACING SHALL BE BASED ON THE NFPA 13, THE LISTING OF THE SPRINKLER AND UFC 3-600-01. LR Value 200

TOLCO FIG, 980—___ L/R Value 200

UNIVERSAL SWAY BRACE
ATTACHMENT TYP,

TOLCO FIG. 580—___
UNIVERSAL SWAY BRACE -
ATTACHMENT TYP.

Assembly Detail
FP1.2 AREA 3 FIRST FLOOR FIRE PLAN

Max Horizontal Load 926 Ibs (420 kg)

ATTIC AREAS_ Max Horizontal Load 926 Ibs (420 kg)

Force Factor (Cp) 0.3968 TEEL PIPE___, ¢ &

. y 5
STEEL PIPE—____ A LATERAL BRACE

LATERAL BRACE

Force Factor (Cp) 0.3968

NO AUTOMATIC SPRINKLERS REQUIRED

OUTSIDE HOSE ALLOWANCE_ Fastener Information

P20 | AREA 1 SECOND FLUOOR FIRE PLAN

Fastener Information

Fastener Orientation NFPA Type A TOLCO FIG. 4A,

OUTSIDE HOSE ALLOWANCE SHALL BE 250 GPM FOR THE RESIDENTIAL CALCULATIONS

TOLCD FIG, 44—,

Fastener Orientation NFPA Type A FIFE CLAMP FOR .

PIPE CLAMP FOR i
SWAY BRACING /7=

SWAY BRACING

Maximum Load

FIRE SPRINKLER SYSTEM COMPONENTS_ 265 lbs {256 kg Maximum Load 523 Ibs (237 kg) §‘ |__ |:> 8 1 A R E A 8 g E C D N D |__ |_ D D R |__ I R E |:> |_ A N
1. ALL MATERIAL TO BE DOMESTLC. prameter 34in. (49 mm) Diameter 3/4in. (19 mm) v
2. ALL SPRINKLER PIPING TO BE CPVC LISTED FOR FIRE PROTECTION USE. Length Minimum 4x Wood Member Length 5.1/2 in. (140 mm)
3. ALL HANGERS, SEISMIC BRACING, MATERIALS, DEVICES AND INSTALLATION TO BE IN ACCORDANCE WITH NFPA 13. L2in.
4, SEE SPRINKLER DRAWINGS FOR SPRINKLER HEAD INFORMATION. Type Dual Through-Bolts - Fig.906 Type Bl Lz s - Fig 508 FPe.2 AREA 3 SECOND FLOOR FIRE PLAN
5. ALL FITTINGS TO BE CPVC LISTED FOR FIRE PROTECTION USE. Beacs Identification onBlans, e T
6. SYSTEM TO BE HYDROSTATICALLY TESTED @200 PSI FOR 2 HOURS OR 50 PSI OVER WORKING PRESSURE PER NFPA #13R Orerisfion of Braca — R —— 2
7. MONITORING OF THE FIRE SPRINKLER SYSTEM WILL BE ON THE FIRE ALARM DRAWINGS. — - rientation of Brace Longitudinal
8. ALL SPRINKLER SYSTEMS SHALL BE PROVIDED WITH A MEANS FOR FLUSHING AND EQUIPPED WITH AND INSPECTORS TEST CONNECTION AT AN APPROVED Braced Pipe: 3" CPVC Load Information Braced Pipe: 3" CPVC Load Information FP3.0 AREA 1 THIRD FLUOUOR FIRE PLAN
LOCATIONS. : :
9. A SPARE STOCK OF SPRINKLERS SHALL ME MAINTAINED ON THE PREMISES WITH THE APPROPRIATE HEAD WRENCHES. Size and Type of Pipe Total Length Total Calculated Load Size and Type of Pipe Total Length Total Calculated Load
10. THE INSTALLATION AND MAINTENANCE OF SPRINKLER SYSTEMS SHALL BE IN ACCORDANCE WITH NATIONAL FIRE PROTECTION ASSOCIATION (NFPA) STANDARD 13. z ggg E’ﬁi mm; :2: §;38-7 “;) 22 :ss Ejz ';9; 3" CPVC (76.2 mm) 47# (143 m) 90 Ibs (41 kg)
INSTALLATION OF SPRINKLER SYSTEMS , NFPA STANDARD 25, INSPECTION , TESTING, AND MAINTENANCE OF WATER BASED FIRE PROTECTION SYSTEMS, UFC " CPVC (50.8 mm 8m s (13kg 2 CPVC (508 mm) 2R (73m) 211bs (10kg)
3-601-01, AND APPLICABLE FIRE CODES. 1.5" CPVC (38.1 mm) 104ft (31.7 m) 58 Ibs (26 kg) 1.5" CPVC (38.1 mm) 104ft (31.7 m) 58 Ibs (26 kg) l__ P 3 ' 1 A R E A 8 T H I R D l__ |_ |:| |:| R l__ I R E P |_ A N
11. UNDERGROUND PIPING & FITTINGS SHALL BE INSTALLED PER NFPA 24 STANDARDS AT A MINIMUM. ALL UNDERGROUND PIPING SHALL BE ALSO FLUSHED PER
NFPA 24 STANDARDS AND A COMPLETED TESTING & FLUSHING CERTIFICATE SHALL BE GIVEN TO THE FIRE SPRINKLER CONTRACTOR PRIOR TO THE CONNECTION OF
THE SPRINKLER SYSTEM PIPING & COMPONENTS TO THE UNDERGROUND FEED MAN. ALL LOCAL CODES SHALL ALSO BE APPLIED TO THE INSTALLATION, TESTING
& FLUSHING OF UNDERGROUND PIPING, FITTINGS, VALVES, & RELATED COMPONENTS. (ALL DONE BY OTHERS) FP3.2 AREA 3 THIRD FLOOR FIRE PLAN
Percentage added for Fittings and Sprinklers 15% 26 Ibs (11.79 kg) Percentage added for Fittings and Sprinklers 15% 25 Ibs (11.34 kg)
Total Adjusted Load of all pipe within Zone of Influence 199 lbs (90 kg) Total Adjusted Load of all pipe within Zone of Influence 195 Ibs (88 kg)
{Tol-Brace Version 7} {Tol-Brace Version 7}
—~O
PIPE AND FITTING TYPES
PIPING TYPE PIPE TYPE STANDARD. OR FITTING TYPE STANDARD. OR
BRANCH LINES SCH 40 BLACK STL PIPE ASTM A135 THREADED UL/FM DOUBLE CHECK BACKFLOW SPARE SPRINKLER
. _ - PREVENTION ASSEMBLY CABINET
NPS 11/2°| 22 |21/2 31/ | 5| & | & | 100] 122 C-FACTOR
NOMINAL 1.D. 1.610 | 2.067 | 2.469 3.548 | 4.026 | 5.047 | 6.065 | 7.981| 10.020] 11.938 | 120 -
MAINS SCH 10 BLACK STL PIPE ASTM A135 | WELDED OUTLETS/GROOVED COUPLINGS UL/FM CONNECTS TO RISER ASSEMBLY
NPS 11/2° 22 |2 1/2" 31/ | 5| & | & | 100 ] 122 C-FACTOR
NOMINAL 1.D. 1.682 | 2.157 | 2.635 3.760 | 4.260 6.357 | 8.249 | 10.370] 12.090 | 120 e
UNDERGROUND C900/CLASS 150 UL/FM MJ OR PUSH ON UL/FM ’
NPS 11/27) 2° 121/27) 3 |31/27] ¢ 5" 6" 8” 10° | 122 C-FACTOR 3
NOMINAL 1.D. NJA L N/AL N/A| N/A | N/A | 4266 N/A 9.866 150 @ _
ALL PIPE AS SHOWN ABOVE UNO ON PLANS
1 1
THE ENDS OF ALL BRANCH LINES AND AT INTERVALS OF NOT MORE THAN 30° THE BRANCH LINES SHALL BE PROVIDED WITH A WRAP AROUND U-HOOK OR SPLAY WIRES INSTALLED N
AS PER NFPA 13 9.3.6; OR WHEN THE BRANCH LINES ARE SUPPORTED BY HANGER RODS LESS THAN 6" LONG MEASURED BETWEEN THE TOP OF THE PIPE AND THE POINT OF —
ATTACHMENT TO THE BUILDING STRUCTURE, NO ADDITIONAL RESTRAINT OF THE BRANCH LINES IS REQUIRED. ALL ARM OVERS AND END OF LINE PIPING SUPPLYING PENDANT
SPRINKLER HEADS SHALL BE RESTRAINED AGAINST UPWARD MOVEMENT BY RUNNING THE ALL THREAD ROD TIGHT AGAINST THE BRANCH LINE PIPING OR SOME OTHER APPROVED . . . .
MEANS(SEE NFPA 13 FIGURE A.9.2.3.4.3(B)) . g P A e, -
HANGER AND SWAY BRACING NOTES S
STEEL DECK DECK ABOVE i ggF‘{‘\:/T'CEF;AEAIN
STRUCTURAL CONCRETE FILL ATR AND TIE BOLT ASSEMBLY/ :
——STEEL DECK ’ 8)
" DRILL— _ TWO #8 X 1/2" SELF TAPPING SCREWS——
5/16” DRILL-IN EXPANSION SHIELD X1/ UNDERGROUND FIRE LINE SYMBOL LEGEND <
B 4 4 £ ¢ .. s NEW UNDERGROUND PIPE (TYPE AND CLASS AS NOTED ON PLANS)
. 4 - -'A' 4. 9 la. = == == = EXISTING UNDERGROUND PIPE (TYPE AND CLASS AS NOTED ON PLANS) THRUST BLOCK - PER NFPA 24 CORE OR SLEEVE
0 4 o Vi m=CNNNNO==  DOUBLE  CHECK DETECTOR ASSEMBLY THROUGH FOOTING
st Jm=  SINGLE CHECK DETECTOR ASSEMBLY
& POST INDICATING VALVE
® UNDERGROUND GATE VALVE WITH STREET KEY WATER SERVICE ENTRANCE PIPING DETAIL
FOUR TIGHT TURNS :?g: FIRE DEPARTMENT CONNECTION TS \
WITHIN 1 1/2 OF FIRE HYDRANT GROOVED 90° ELBOW--TO THIRD FLOOR SPRINKLERS~__ (OR
STRAP STEEL STRAP . . > THRUST BLOCK i
1" X 2° 12 GAGE STEEL STRAP 3" WIDE X 4 ® FIRE SPRINKLER RISER = 4 WAY SWAY BRACE
GALVANIZED MINIMUM LONG 12 GAGE GALVANIZED 2 CHECK VALVE FLEXIBLE COUPLING WITHIN 24 OF TOP OF RISER o> SEE SWAY BRACE DETAILS
MINIMUM
SEISMIC RESTRAINT WIRE SEISMIC RESTRAINT WIRE
ATTACH WIRE TO PIPE WITH TWO ATTACH WIRE TO PIPE WITH TWO
TIGHT TURNS AROUND PIPE ig’ECFOASNEGET%—EAAJGFQSHAgPF@gS\SNllgLEE AS TIGHT TURNS AROUND PIPE igEcFoAsNEGET%_ﬁm_crégHAgpFégs\s'fgLEE AS SYMBOL LEGEND
FASTENED WITH FOUR FASTENED WITH FOUR
TIGHT TURNS WITHIN 1 1/2° TIGHT TURNS WITHIN 1 1/2° BRANCH LINE TAG ROOM ID TAG SWAY BRACING HANGER #1 HANGER #6
B | 1 |=—BRANCH LINE NO. ATERAL OR LONGITUDINAL BRACE
o0 The] —PIPE. ELEVATION(UNO) OFFICE ——F—ROOM NAME HANGER #2 HANGER #7
I’ SPLAY WIRE——CONCRETE DECK NTS I’ SPLAY WIRE——STEEL DECK NTS  T-BAR | 8-0 +—CEILING HEIGHT ———4 WAY BRACE HANGER #3 HANGER #8
o # #
WELDED PIPE TAG CEILING TYPE
MAIN 1D, HANGER #4 HANGER #9
% X 3 % KWK BOLT TZ MITH ROD COUPLING LENGTH TOS=FROM TOP OF STRUCTURE SWAY BRACE TYPE——SEE DETAILS HANGER #5 HANGER #10
BEAM CLAMP 2 SEE HANGER #1 T, = [ [% }l-——PIPE ELEVATION(ND) BOD=FROM BOTTOM OF DECK A
DAT=FROM REFERENCE DATUM TRAPEZE HANGER
NUT RISER NIPPLE
RETAINING STRAP @ @ HYDRAULIC REFERENCE POINT == APPROXIMATE LOCATION OF GROOVED COUPLING .
o _ BREAK INDICATES UPPER PIPE Pais 3
~STEEL BEAM OR TRUSS TYP (x) OCATION PIPE ELEVATION AFF= FROM FINISHED FLOOR | 2
% X 3 % HILT KWK BOLT TZ N R DASHED LINE DENOTES EXISTING PIPE FLEXIBLE COUPLING WITHIN 12 OF DECK T N CLEARANCE NOT REGUIRED S
SWIVEL ATTACHMENT AND SWIVEL ATTACHMENT 0 &
AFCOR FIG ets oR AFCON FIG 615 OR g \
TOLCO FIG 75
HANGER PER NFPA 13 GROOVED DOUTLET BACK TO
= > SECOND FLOOR SPRINKLERS
s =
;’- "j.‘/ :’- )
#~_§ ATR--FOR RODS LONGER THAN 7% ATR-—FOR RODS LONGER
2'-6" USE TOLCO STIFFENER THAN 2'-6" PLACE TOLCO SPRINKLER LEGEND
(FIG. 98) STIFFENER FIGURE 98
C
SYMBOL  |MANUFACTURER MODEL TYPE RESPONSE ORIFICE [K-FACTOR TEMP. (F) | FINISH | ESCUTCHEDN QTY, ke
-+
. o
_ RING-—ATTACH WITHIN 6" OF HANGER — RING-—ATTACH WITHIN 4" OF HANGER ® TYCO TY4234 CONCEALED PENDENT | FR 172" 6.9 155 WHITE WHITE 894 5
1 }ﬁ" PIPE MAX 1 }é MAX. PIPE ’ 8 ] ]
TO BE USED IN LIEU OF SPLAY WIRES AT INSTALLERS TO BE USED IN LIEU OF SPLAY WRES AT INSTALLERS ® TYCI TY4931 PENDENT FR 1/2 8.0 175 CHROME | NONE 12 a Fire Protection
DISCRESSION DISCRESSION - “ _
© TYCO TY4234 PENDENT FR 1/2 6.9 159 CHROME NONE 136 3 Drawmgs
3 END OF LINE HANGER NTS || I END OF LINE HANGER NTS o
/ID DL_
|
SEAM CLAUP . 3 X 3-3/4" HLT KWK BOLT 2 FLEXIBLE COUPLING WITHIN 12 OF DECK o\ CLEARANCE NOT REQUIRED
A MIN. EMBEDMENT 2 ~
NUT < s« MIN. HOLE DEPTH 2-5/8" - @ D " M. Mershi
o : HOLE DIAMETER %5” piy rawn: . Mershimer
RETAINING STRAP 2009 1BC COMPLIANT FOR CRACKED AND UNCRACKED Design:
| STEEL BEAM CONCRETE-—PULLOUT STRENGTH IN CRACKED &
o
CONCRETE DECK (2,500 PSI MIN COMPRESSIVE / WITH ELECTRICAL/FIRE ALARM :
STRENGTH) TEST DATE: FEBRUARY 07, 2012 HYDRANT LOCATION:  35th & INDIANA AVE Date:
ALL THREAD ROD 3%’ ROD COUPLING (HILTI FIG 70 OR EQUAL——MAX PERFORMED BY: CHeM HILL HYDRANT 47-35 TESTMASTER COMBINATION MAIN DRAIN/TEST VALVE Scale: 1/8"=1'-0"
3/6" FOR UP T0 4 PIPE RECOMMENDED LOAD 610 LBS) WITH BUILT IN PRESSURE RELIEF VALVE % PRESSURE GAUGE
w " on . SIZE=2” FOR 4’ OR GREATER RISER, 1 4 FOR LESS THAN 47~ 1 /EIN THREE WAY TEST VALVE
;%” FF%F; ?0;8125"25% 3/8" ALL THREAD ROD (DR APPROVED EQUAL) g E‘q;/ BUTTERFLY VALVE \W/ ° Flre Protectlon
B STATIC: 42,3 PSI BUILT IN TAMPER SWITCH =
RESIDUAL: 214 PS] \ COORDINATE WITH o N t & D t |
- . DISCHARGE DRAIN TO HUB DRAIN ELECCTRICAL/FIRE ALARM c otes elallS
FLOW: 1190 GPM COORDINATE WITH PLUMBING\ =
RING--MAX PIPE SIZE 2" WITH 15" SPACING o a
FLEXIBLE COUPLING
RING MAX PIPE SIZE 3" WITH 6’ SPACING FLANGED CONNECTION
CONNECTS TO BACKFLOW ASSEMBLY @ ZO
- C
HANGER # 1 BEAM CLAMP NTS || HANGER # 2 WEDGE ANCHOR——VERTICAL NTS THREE STORY % .
|-
()]
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