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ABSTRACT

A fire protection analysis utilizing prescriptive and performance based design was performed for the
existing ARSI (DCIB) located in (EEEEENN \N. A new tenant
is investigating converting the DCIB from a building used for data center, to an office building which will
utilize an open office concept.

A prescriptive analysis of the building was performed to determine the life safety, fire suppression, fire
alarm and structural requirements to ensure compliance with current applicable codes and standards. The
prescriptive requirements are outlined and reviewed in Section 1 through Section 5 of this analysis.
Modifications to the DCIB are required to achieve the prescriptive requirements. Some of the
modifications include additional doors for rooms throughout the building, and additional egress width for
both doors and stairs for the second- through the fifth-floor. The modification to add additional stairway
and doorway width will come at a substantial cost.

A performance-based analysis was performed and described in Section 6 for this building utilizing
computer-based modeling software. A single fire scenario was modeled with two separate fire plume
exhaust rates in the atrium to determine if the building occupants have adequate time to safely egress the
building prior to untenable conditions. The performance based analysis showed tenability limits can be
maintained throughout the atrium for a minimum duration of twenty (20) minutes. Additional design
fires should be modeled to indicate the exhaust system can maintain the tenability limits of other potential
fires in the atrium. Additionally, the model should be ran for one and a half (1.5) times the required safe
egress time, or forty-seven (47) minutes to ensure all occupants can evacuate safely from the building.

As will be discussed in this analysis, the occupant load in the building will be roughly tripled with the
proposed tenant modifications. The new occupant load causes issues for the existing egress components
causing this building to fall out of compliance with the prescriptive codes. Additional door and stairway
width is recommended for the buildings new tenant modifications.
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1.0 INTRODUCTION

1.1  Objective

This fire protection analysis will provide a fire protection review of the [ ENEREIGNGEGSS
(DCIB) and its adherence to current applicable codes and standards for the area. Both prescriptive and
performance based design were analyzed for the DCIB located in iy, N .

A new tenant is investigating converting the DCIB from a building which is currently utilized as a data
center to an office building which has an open office type concept. As discussed further, Section 7 —
Conclusion and Recommendations, significant building modification will be required for this building to
provide the adequate egress components required for the proposed tenant modifications to meet the
applicable codes and standards outlined below.

A prescriptive analysis of this building was performed to determine adherence of the life safety, fire
suppression, fire alarm and structural requirements to the applicable codes and standards listed below.

A performance-based analysis was performed for this building utilizing computer-based modeling
software. A single fire scenario was modeled with two separate fire plume exhaust rates in the atrium to
determine if the building occupants have adequate time to safely egress the building prior to untenable
conditions.

1.2 Codes and Standards

This building was constructed in 1990 in accordance with the 1985 edition of the Uniform Building Code
(UBC) with 1985 State of Minnesota Amendments. This fire protection analysis was performed in
accordance with the 2015 edition of the Minnesota Building Code (MNBC) and Minnesota Fire Code
(MNFC) which modifies the 2012 International Building Code (IBC) and 2012 International Fire Code
(IFC) respectively.

The 2015 MNBC enforces the following National Fire Protection Association (NFPA) codes and
standards;

e NFPA 13 (2010) — Standard for the Installation of Sprinkler Systems
e NFPA 14 (2010) — Standard for the Installation of Standpipe and Hose Systems
e NFPA 25 (2011) — Inspection, Testing and Maintenance of Water-based Fire Protection Systems
e NFPA 70 (2011) — National Electric Code
e NFPA 72 (2012) — National Fire Alarm Code
o NFPA 92 (2012) — Standard for Smoke Control Systems
1.3 Building Description

DCIB is located NG . [\innesota. It is a six (6) story building with
the highest occupied floor (5™) at seventy-two (72) feet above grade. The building includes a five (5)-

story atrium that begins at street level and extends to the underside of the building roof. The basement
and sixth level are not open to, nor included in the atrium enclosure. Both floors are rather used for
mechanical equipment and are not part of this analysis. The building has a total area of 443,669 square
feet (sg. ft.) throughout the five (5) occupied floors.
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The original floor plan of the building indicates that the first and second floors were solely used for office
type activities. Level three through level five each had a fifty-thousand (50,000) sg. ft. data center, which
is roughly sixty (60) percent of the total floor area. The new tenant is proposing to make every level an
open office. As detailed in this report, the new occupant load greatly exceeds the available capacity of the
existing egress components.

The building is equipped throughout with an NFPA 13 compliant fire sprinkler system (See Section 3 —
Fire Suppression Analysis). Additionally, the building is equipped with an NFPA 72 compliant fire alarm
system (See Section 4 — Fire Alarm Analysis)

The building is treated as a mixed use, non-separated B/S-1.

1.31 First-Floor

The first-floor of the building is proposed to contain a large loading dock, mattress fabrication/testing area
and other accessory office rooms including break rooms, conference rooms and storage rooms. The first
floor is open to the atrium and has the main entrance to the building. The first floor contains four (4)
areas for building occupants to exit the building. In addition, the first floor has the vents required for
make-up air of the smoke control system.

The following image,
Figure 1 — First-Floor
Anticipated Tenant
Change, is the first-floor
architectural layout
showing the anticipated
tenant changes. The red
arrows indicate exits to the
exterior. See Appendix A
— Life Safety Analysis for
full size life safety plans of
all floors. Figure 2 — First
Floor Lobby is the main
lobby of the building in the
northwest corner. Figure 3
— Existing Make-up Air
Vents shows the existing
make-up vents for the
smoke control system
located in the first-floor
lobby.

Figure 1 — First-Floor Anticipated Tenant Change
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Figure 2 — First-Floor Lobby Figure 3 - Existing Make-up Air Vents

1.3.2 Second-Floor

The second-floor consists of mainly open office space, break rooms, conference rooms and miscellaneous
storage. The second-floor is open to the atrium and is the location for the design fire in the performance
based design. Figure 5 — Second-Floor Lobby shows the open atrium with the fifth-floor overhang in
addition to the design fire location. The floors main egress components are four (4) stairway enclosures
with one (1) open stairway enclosure which is open to the atrium. Three (3) stairways have a single 36-
inch door leading into the 60-inch stairway, one (1) stair has a 72-inch door leading to a 60-inch stairway
and, there’s one (1) stairway which is open to the circulation space. Figure 4 — Second-Floor Anticipated
Tenant Change shows the second-floor architectural layout showing the anticipated tenant changes. The
red arrows indicate exits to the stairways mentioned above. See Appendix A — Life Safety Analysis for
full size life safety plans of all floors.

Figure 4 — Second-Floor Anticipated Tenant Change Figure 5 - Second Floor Lobby
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1.3.3 Third-Floor

The third-floor consists of mainly open office space, break rooms, conference rooms and miscellaneous
storage. The third-floor is open to the atrium. The floors main egress components consist of four (4)
stairway enclosures. Three (3) stairways have a single 36-inch door leading into the 60-inch stairway
while one (1) stairway has a 72-inch door leading to a 60-inch stairway. The average ceiling height
throughout the third-floor is nine (9) feet. Figure 6 — Third-Floor Anticipated Tenant Change shows the
third-floor architectural layout showing the anticipated tenant changes. The red arrows indicate exits to
the stairways mentioned above. See Appendix A — Life Safety Analysis for full size life safety plans of
all floors.

Figure 6 — Third-Floor Anticipated Tenant Change

1.34 Fourth-Floor

The fourth-floor consists of mainly open office space, break rooms, conference rooms and miscellaneous
storage. The fourth-floor is open to the atrium. The floor’s main egress components consist of four (4)
stairway enclosures. Three (3) stairways have a single 36-inch door leading into the 60-inch stairway
while one (1) stairway has a 72-inch door leading to a 60-inch stairway. The average ceiling height
throughout the fourth floor is nine (9) feet. Figure 7 — Fourth-Floor Anticipated Tenant Change shows
the fourth-floor architectural layout showing the anticipated tenant changes. The red arrows indicate exits
to the stairways mentioned above. See Appendix A — Life Safety Analysis for full size life safety plans of
all floors.
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Figure 7 — Fourth-Floor Anticipated Tenant Change

1.35 Fifth-Floor

The fifth-floor consists of mainly open office space, break rooms, conference rooms, cafeteria space and
miscellaneous storage. The fifth-floor is open to the atrium. The floor’s main egress components consist
of four (4) stairway enclosures. Three (3) stairways have a single 36-inch door leading into the 60-inch
stairway while one (1) stairway has a 72-inch door leading to a 60-inch stairway. The average ceiling
height throughout the fifth-floor is nine (9) feet throughout the office space. Figure 8 — Fifth-Floor
Anticipated Tenant Change shows the fifth-floor architectural layout showing the anticipated tenant
changes. The red arrows indicate exits to the stairways mentioned above. See Appendix A — Life Safety
Analysis for full size life safety plans for all floors.

Figure 8 — Fifth-Floor Anticipated Tenant Change
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1.4  Existing Smoke Control System

The existing smoke control system consists of a mechanical exhaust system and a make-up air supply.
The exhaust fan inlet is located in the plenum space above the atrium. The inlet into the plenum from the
atrium is through a concealed round access cut-away vent in the ceiling pocket above the atrium (See
Figure 9 - Existing Atrium Ceiling Pocket Inlet). Per the 1985 UBC, the requirement for smoke control
for atriums are dependent on whether the volume of the atrium is greater than or less than six-hundred
thousand (600,000) cubic feet. Because the volume of this atrium is greater than six-hundred thousand
(600,000) cubic feet, the requirement for smoke control is not less than four (4) air changes per hour for
the entire atrium volume. For the original design of this atrium, four (4) air changes per hour would
require an exhaust rate of approximately forty-three thousand five hundred (43,500) cubic feet per minute
(CFM). The existing atrium smoke control system can provide fifty-six thousand (56,000) CFM and
therefore meets the 1985 UBC requirements for exhaust rate.

At the time that this building was constructed, the requirements of the 1985 UBC required a minimum of
fifty (50) percent of the exhaust volume to be brought in as make-up air. Make-up air is provided from
four (4) supply vents located on the first-floor. A review of the existing system indicated the make-up air
was capable of supplying up to fifty thousand (50,000) CFM of make-up air which meets the 1985 UBC
requirements.

st thl 011 1 ERLE

s —— i st

Figure 9 - Existing Atrium Ceiling Pocket Inlet

Now that the existing building and components have been identified, one can begin investigating the
building to determine adherence to the prescriptive codes starting with a life safety analysis.
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2.0 LIFESAFETY ANALYSIS

The purpose of this section is to determine if the proposed tenant modifications to DCIB adhere to the
prescriptive requirements set forth in the MNBC.

2.1  Type of Construction

DCIB was constructed to UBC Type | construction which is equivalent to the current MNBC Type IA
construction. Per MNBC Section 602.2, Type | construction are those types of construction in which
major building elements are constructed of non-combustible materials i.e. (steel, concrete, etc.). The
minimum fire resistive construction of the building elements is defined in MNBC Table 601 — Fire-
Resistance Rating Requirements for Building Elements (Hours) and outlined in Table 1 — Type of
Construction below.

Table 1 - Type of Construction (MNBC Table 601)

- . Fire Resistance
Building Element Type of Construction Rating (Hours)
Primary Structural Frame 1A JFr*
Bearing Exterior Wall 1A 3**
Bearing Interior Wall 1A 3*
Non-Bearing Exterior Wall 1A 1**
Non-Bearing Interior Wall 1A 0*
Floor Construction Including Supporting Beams and IA %
Joists
Roof Construction Inclljg;r;g Supporting Beams and IA 1-1/2

* Except as required for incidental use (including atrium separation) and other passive fire protection.
** Except as required for building separation.
*** Except as required to support horizontal assembly (MNBC 714.4)

Type IA construction is the most stringent of the types of construction defined by the MNBC. Once the
type of construction is determined, one can investigate the occupant classification of the building.

2.2 Occupant Classification

The occupant types found in the building are defined and indicated below. It should be noted, for the
purpose of occupant classification, areas of “Assembly” are only considered Group A-3 when
there are more than forty-nine (49) people, which equates to an area greater than seven hundred
and fifty (750) sq. ft.

Assembly Group A-3 as defined by MNBC Section 304.3 are rooms intended for worship,
recreation, or amusement and other assembly uses not classified elsewhere in Group A. For the
DCIB, conference rooms, break rooms, and cafeterias larger than seven hundred and fifty (750)
sq. ft. were defined as Assembly Group A-3 occupancy.

Section 306.2 of the MNBC defines Moderate-hazard Factory Industrial Group F-1 as the portion
of the building where assembling, disassembling, fabricating, finishing, manufacturing,
packaging, repair or processing operations take place. One (1) area of the DCIB is classified as
Group F-1 and that is the Mattress Fab. Room located on the first-floor. In this room, the new
tenant will test small pieces of mattress to determine the reliability and quality from different
mattress fabricators.
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Moderate-hazard Storage Group S-1 are areas where storage of moderately combustible
materials occurs. One (1) area of the DCIB is classified as Group S-1 and that is the Loading
Dock located on the first floor. In this room, the new tenant can pull trucks into the building to
load/unload different components associated with their business.

Section 304.1 of the MNBC defines Business Group B as the use of a building or structure, or
portion thereof, for office professional or service-type transactions, including storage of records
and accounts. For the DCIB, a majority of the building, and main occupancy is considered
Business Group-B. See Table 2 — Classification of Occupancy for a summary of the occupancies
located in the DCIB.

Table 2 - Classification of Occupancy
Area Occupancy MNBC
Conference Room > 49 Occupants Assembly Group A-3 303.1
Open Office, Circulation, Restrooms,
Lobby, Breakroom

Business Group B 304.1

Factory Industrial Moderate-Hazard
306.2
Group F-1

Loading Dock/Accessory Storage Moderate-Hazard Storage Group S-1 311.2

Mattress Fab.

To better clarify the building layout and different occupancies, Appendix A — Life Safety Analysis shows
the floor plans of the building with different occupancies identified in addition to rated fire barriers and
exit locations.

2.3 Accessory Occupancy

Accessory occupancies are those occupancies that are ancillary to the main occupancy of the building or
portion thereof. Accessory occupancies are limited to ten (10) percent of the total floor area. If an
occupancy is greater than ten (10) percent of the floor area then it is to be treated as a main occupancy.
The advantages of accessory occupancies are that these occupancies do not limit the building height,
building area, or egress component limits.

For this building, one is able to treat all occupancies as accessory to Business Group B except for the
Group S-1 Loading Dock located on the first floor as indicated below in Table 3 — Accessory Occupancy
10% Limitation. Therefore, this building has two occupancies, B and S-1.

Table 3 - Accessory Occupancy 10% Limitation (MNBC 508.2)

Floor Floor Accessory Accessory Area Linéi::?ion Percentage of
Area (sq. ft.) Floor Area
(sq. ft.)

Level 1 87,650 F-1 2,685 Unlimited 3.1%
Level 1 Total - - - - 5.5%

Level 2 93,069 A-3 1,823 Unlimited 2.0%

Level 2 93,069 S-1 1,066 Unlimited 1.1%
Level 2 Total - - - - 3.1%

Level 3 87,650 A-3 7,420 Unlimited 8.5%

Level 3 87,650 S-1 802 Unlimited 0.9%
Level 3 Total - - - - 9.4%
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Level 4 87,650 A-3 2,895 Unlimited 3.3%
Level 4 87,650 S-1 802 Unlimited 0.9%
Level 4 Total - - - - 4.2%
Level 5 87,650 A-3 5,686 Unlimited 6.5%
Level 5 87,650 S-1 436 Unlimited 0.5%
Level 5 Total - - - - 7.0%

2.4  Multiple Occupancies

As indicated previously, there are two occupancies in the DCIB, B and S-1, the remainder can be treated
as accessory to the main occupancies. Table 4 — Multiple Occupancies summarizes the occupancies
present on each floor.

Table 4 - Multiple Occupancies (MNBC 508)

Floor/Occupancy Separation Floor/Occupancy Segz:;'ﬁéon MNBC
Level 1/B Separated Level 1/S-1 0 HR Barrier 508.4.4
Level 1/B Accessory Level 1/F-1 0 HR Barrier 508.2.4
Level 2/B Accessory Level 2/S-1 0 HR Barrier 508.2.4
Level 2/B Accessory Level 2/ A-3 0 HR Barrier 508.2.4
Level 3/B Accessory Level 3/S-1 0 HR Barrier 508.2.4
Level 3/B Accessory Level 3/A-3 0 HR Barrier 508.2.4
Level 4/B Accessory Level 4/S-1 0 HR Barrier 508.2.4
Level 4/B Accessory Level 4/ A-3 0 HR Barrier 508.2.4
Level 5/B Accessory Level 5/S8-1 0 HR Barrier 508.2.4
Level 5/B Accessory Level 5/ A-3 0 HR Barrier 508.2.4

While the table above indicates B and S-1 as separated, Table 508.4 does not require a fire separation

between said occupancies. Calling the building separated allows one to treat each individual occupancy
classification as its own stringent occupancy.

2.5  Modified Allowable Area

The building has a maximum floor area of ninety-three thousand six hundred and sixty-nine (93,069) sq.
ft. on the second-floor. Due to this building being constructed of Type IA construction, the allowable
area for the occupancies located in this building is unlimited as shown in Table 5 — Modified Allowable
Area.

However, if another type of construction was used and this building did not have an unlimited area
allowance, the following equation can be used to modify the building area;

Ay ={Ar + [Ac x Ie] + [A; x L]}
A, = Allowable building area per story (sq. ft.)

A; = Tabular building area per sotry in accordance with Table 503 (sq. ft.)

I = Area increase factor due to frontage as calculated in accordance with Section 506.2

I = Area increase factor due to sprinkler protection in accordance with Section 506.3
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The frontage increase in accordance with Section 506.2 can be calculated as follows;
F
Iy = [F - 0.25] w/30
Iy = Area increase due to frontage
F = Building perimeter that fronts on a public way or open space having 20 feet open
P = Perimeter of entire building (feet)

W = Width of public way or open space (feet)

Table 5 - Modified Allowable Area (MNBC 503)

Oceupanc *Allowable Area Sprinkler Frontage Modified Allowable
pancy (sq. ft.) Increase (sq. ft.) Increase (sq. ft.) Area (sq. ft)
B Unlimited - - Unlimited
S-1 Unlimited - - Unlimited

* Based on Type IA Construction.

2.6 Modified Allowable Height
Due to this building being of Type IA construction, the allowable height for the occupancies located in
this building is unlimited as shown in Table 6 — Modified Allowable Height.

Table 6 - Modified Allowable Height (MNBC 504)

Occupancy | Sprinkler Increase (sq. ft.) | Modified Allowable Height* (ft / story)

B/S-1 - Unlimited
* Based on Type IA Construction.

If this building was of another construction type where the allowable height is not unlimited, an increase
of twenty (20) feet of one (1) story is acceptable for a fully sprinkled building.

2.7 Protection from Hazards and Other Passive Fire Protection

The following fire barriers are provided throughout the building and are shown on the occupancy
drawings located in Appendix A — Life Safety Analysis. Table 7 — Protection from Hazards and Other
Passive Fire Protection is a summary of the required fire barriers other than the fire barriers required for
occupancy separation.

Table 7 - Protection from Hazards and Other Passive Fire Protection

Area Required Rating | MNBC

Shaft Enclosure 3 Stories or Less | 1 HR Fire Barrier | 708.4
Corridor No Rating 1020.1

Elevator Machine Room 1 HR Fire Barrier | 3005.4
Shaft Enclosure 4 Stories or More | 2 HR Fire Barrier | 708.4
Atrium Space 1 HR Fire Barrier | 404.6
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2.8  Building Separation

This building sits on a corner of 3" Ave South and South 10" Street in downtown Minneapolis. The
building has 60-foot clear distance in all directions, therefore a fire resistive exterior rating is not required
per the Table 8 — Building Separation. See Figure 10 — Building Separation for site plan of building.

Table 8 - Building Separation (MNBC Table 602)

Oceupanc Elevation Restrictive Fire Fire Resistive Rating of
pancy Separation Distance (ft)* Exterior Wall
B, S-1 North/South/East/West > 30 No Rating Required

* MNBC 702 — Fire separation distance = distance from building’s face to closest interior lot line,
centerline of alley or public way, or imaginary line between two buildings.

Figure 10 - Building Separation
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2.9  Opening Protection for Fire Resistive Construction
Table 9 — Opening Protection for Fire Resistive Construction provides a summary of the required rating
of penetrations into rated barriers. See Appendix A — Life Safety Analysis for location of fire barriers.

Table 9 - Opening Protection for Fire and Smoke Resistive Construction

Component Fire Door / S_hutter Duct Penetrations | Other Penetrations | MNBC
Assemblies
. . 714.3,
1 HR Fire Barrier 3/4A HR - 1HR 716.5
. . 714.3,
2 HR Fire Barrier 1-1/2 HR 1-1/2 HR Damper 2 HR 716.5
2 HR Fire Barrier for 1-1/2 HR Fire /
Horizontal Exit 1-1/2HR Smoke Damper 2HR 5.4
1 HR Fire Barrier for 714.3
Means of Egress 1HR Not Permitted 1HR L
. > 716.5
(Including Stairwells)
1 HR Fire Barrier for .
Shaft Enclosure Not 1HR L-1/2 HR Fire / 1HR 7143,
Smoke Damper 716.5
Used for Egress

*Where protected openings are required

2.10  Occupant Load Calculations
Table 10 — Occupant Load Calculations provides a summary of the occupant load throughout the

building. In addition, see Appendix A — Life Safety Analysis for graphical representations of occupant
load and anticipated egress paths.

Table 10 - Occupant Load Calculations (MNBC Table 1004.1.2)

Occupant Load
Floor Area Function of Space Area Factor (sq. ft./ Occupants
person)
Level 1 Industrial Area Mattress Fab. 3,075 100 31
Open Office,
Level 1 Bathroom, Business Area 57,986 100 580
Circulation Space
Conference Assembly without
Level 1 Room/Break Room Fixed Seating 1,346 15 90
Mech. Room/Elec.
Level 1 Room/Storage Accessory Storage | 25,243 300 84
Room
Level 1 Total - 87,650 - 785
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Level 2

Open Office,
Bathroom,
Circulation Space

Business Area

87,915

100

879

Level 2

Conference
Room/Break Room

Assembly without
Fixed Seating

4,023

15

268

Level 2

Mech. Room/Elec.
Room/Storage
Room

Accessory Storage

1,131

300

Level 2

Total

93,069

1,151

Level 3

Open Office,
Bathroom,
Circulation Space

Business Area

75,546

100

756

Level 3

Conference
Room/Break Room

Assembly without
Fixed Seating

10,669

15

711

Level 3

Mech. Room/Elec.
Room/Storage
Room

Accessory Storage

1,435

300

Level 3

Total

87,650

1,472

Level 4

Open Office,
Bathroom,
Circulation Space

Business Area

80,321

100

803

Level 4

Conference
Room/Break Room

Assembly without
Fixed Seating

6,078

15

405

Level 4

Mech. Room/Elec.
Room/Storage
Room

Accessory Storage

1,251

300

Level 4

Total

87,650

1,213

Level 5

Open Office,
Bathroom,
Circulation Space

Business Area

75,674

100

757

Level 5

Conference
Room/Break
Room/Cafeteria

Assembly without
Fixed Seating

10,091

15

673

Level 5

Mech. Room/Elec.
Room/Storage
Room

Accessory Storage

1,885

300

Level 5

Total

87,650

1,436

The total occupant load for the building is six thousand fifty-seven (6,057) occupants with the most
occupants being located on the third-floor. Now that the occupant load is known, the existing egress
component capacity can be investigated to determine if additional egress components are required for the
proposed tenant change.
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2.11  Occupant Load Summary and Minimum Exits from Floor
Table 11 — Occupant Load Summary and Minimum Exits from Floor summarizes the area and occupant

load for each floor and indicates the minimum number of exits required per floor. See Figure 11 — Figure
13 for graphical representation showing location and spacing of exits.

Table 11 - Occupant Load Summary and Minimum Exits from Floor

Required Exit
Floor | Gross Area Occupants Requwelccl)(l)EB).(lzt.sl)(MNBC S?R/?L%tg n
1007.1.1)
Level 1 87,650 785 3 1/3 Diagonal
Level 2 93,069 1,151 4 1/3 Diagonal
Level 3 87,650 1,472 4 1/3 Diagonal
Level 4 87,650 1,213 4 1/3 Diagonal
Level 5 87,650 1,436 4 1/3 Diagonal

Figure 11 - First Floor Door Separation
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-EXIT DOORS TO
EXTERICR

-EXIT DOORS TO
EXTERIOR

Figure 13 - Floor 3 - Floor 5 Door Separation

This building meets the door quantity and spacing requirement set forth by the MNBC. Additionally, the
minimum exits from an area or room was investigated and outlined below.
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2.12  Minimum EXxits or Exit Accesses from A Space or Area

Table 12 — Minimum EXxits or Exit Access from a Space or Area indicates the maximum occupant load
from a room or space before additional exits are required. Currently, multiple rooms and spaces do not
meet the requirements in the table below.

Table 12 - Minimum EXxits or Exit Accesses from a Space or Area (MNBC 1015.2)

Occupancy | Occupant Load Permitting One Exit | Occupant Load Requiring Two Exits

Group B/A 49 or Less 50 or Greater
Group S-1 29 or Less 30 or Greater

The R&D Room 137 located on the first-floor has a single double door to provide exit from the space and
a total area of fifty-five hundred (5,500) sq. ft (See Figure 14 — R&D Room 137 Modification). The
resulting area has an occupant load of fifty-five (55) based on one hundred (100) sqg. ft./person which
requires two exits spaced at one-third (1/3) the diagonal distance of the room. See the same figure for
anticipated location for the second door.

Board Room 205 located on the second floor has an occupant load of sixty (60) based on an occupant
load factor of fifteen (15) sg. ft./person. Two (2) exits from the space are required for an occupant load
greater than 49 since the Assembly occupancy is an accessory to the B occupancy. Two exits are
provided for the space at a distance greater than one-third (1/3) the diagonal distance of the room (See
Figure 15 — Board Room 205). Therefore, this room meets the requirements of the MNBC as outlined in
Table 12 - Minimum EXxits or Exit Accesses from a Space or Area above.

N

ME ROOI
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Figure 14 - R&D Room 137 Modification Figure 15 - Board Room 205

Conference Room 358 and Conference Room 359 located on the third-floor both have occupant loads
greater than forty-nine (49) based on an occupant load factor of fifteen (15) sq. ft./person which requires
two (2) exits spaced at one-third (1/3) the diagonal (See Figure 16 — Third-Floor Conference Room
Modification). Conference Room 339, Conference Room 340, Conference Room 341, Conference Room
342 meet the requirements set forth by the MNBC as shown in Figure 17 — Third-Floor Conference
Rooms.
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Figure 16 — Third-Floor Conference Room Modifications Figure 17 — Third-Floor Conference Room

Conference Room 437 and Conference Room 438 located on the fourth-floor both have occupant loads
greater than forty-nine (49) based on an occupant load factor of fifteen (15) sq. ft./person which requires
two (2) exits spaced at one-third (1/3) the diagonal (See Figure 18 — Fourth-Floor Conference Room
Modification).

IT FULFILLMENT

Figure 18 — Fourth-Floor Conference Room Modification

Executive Cafe Room 517 and Conference Room 502 and Cafeteria 501 located on the fifth-floor all have
occupant loads greater than forty-nine (49) based on an occupant load factor of fifteen (15) sq. ft./person
which requires two (2) exits spaced at one-third (1/3) the diagonal (See Figure 19 — Fifth-Floor
Modifications).
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Figure 19 — Fifth-Floor Modifications

2.13 Common Path, Dead-End and Travel Distance Limits
Table 13 — Common Path, Dead-end and Travel Distance Limits indicates the maximum common path,
dead end and travel distance limit for each occupancy in accordance with the MNBC. This building does

not meet the travel distance limit as described below.

Table 13 — Common Path, Dead-end and Travel Distance Limits

Occupancy Common Path Limit* Dead-end Limit* Travel Distance Limit
(MNBC 1014.3) (ft) (MNBC 1020.4) (ft) (MNBC 1016.2) (ft)
B 100 50 300
A 75 20 250

* Means of egress limitations shall apply to each portion of the building base on the occupancy of that
space. Where an occupancy is required to egress through another occupancy the limitations of the
more stringent occupancy will be used. (MNBC 1004.9)

Due to Stairway 159 not being open to the first floor, the travel distance and common path limit from the
north-east area of the first floor is three hundred and sixty-five (365) feet and one hundred and thirty-one
(131) feet respectively. This distance is above the limitations set forth by MNBC and the only area which
exceeds Table 13-Common Path, Dead-end and Travel Distance limitations. See Appendix A — Life
Safety Analysis for life safety floor plans showing the limits indicated above are not exceeded. Opening
Stairway 159 to the first floor will decrease the common path and travel distance to acceptable values and

allow faster egress times.
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2.14  Minimum Egress Widths

Table 14 — Minimum Egress Widths indicates the minimum widths for egress components as required by
the MNBC. All egress components in the DCIB meet the minimum widths set forth by the MNBC and
are outlined in the following table.

Table 14 - Minimum Egress Widths

Component Requirement V\g:g)th MNBC

Doors in Egress Access Per Component 32 1010.1.1
Corridor Serving 50 or More Occupants | Per Component 44 1020.2
Other Egress Components Per Person 0.2 1005.3
Stairways Per Person 0.3 1005.3

2.15 Egress Component Capacity

Table 15 — Egress Component Capacity indicates the egress component capacity of the limiting existing
egress components. Lines in red indicate the required exit component occupant load exceeds the
maximum occupant capacity of the component. As mentioned earlier in this report, roughly fifty
thousand (50,000) sq. ft. of floors three (3) through five (5) consisted of data centers with an occupant
load factor of three hundred (300) sq. ft. / person. The new tenant is looking to convert that space back
into an office type setting requiring an occupant load of one hundred (100) sg. ft. / person. The new
occupant load, in addition to the new Assembly occupant loads (break rooms, conference rooms,
cafeteria) results in the occupant load being much greater than the capacity of the existing components.
The first-floor is the only floor which does not require additional egress width.

Table 15 - Egress Component Capacity

Maximum
Floor Exit Area Restricting E\?VrieéjstshComponent/ 8;:;:?3;(2; (I)_%C:dpi?]gt

Component
Level 1 | Door Areal Doorway / 136 inches (Clear) 680 275
Level 1 Door 2 Doorway / 34 inches (Clear) 170 170
Level 1 Door 3 Doorway / 34 inches (Clear) 170 170
Level 1 Door 4 Doorway / 34 inches (Clear) 170 170
Level 2 Stairway 1 Stair / 60 inches (Clear) 200 320
Level 2 Stairway 2 Doorway / 34 inches (Clear) 170 170
Level 2 Stairway 3 Doorway / 34 inches (Clear) 170 170
Level 2 Stairway 4 Doorway / 34 inches (Clear) 170 170
Level 2 Stairway 5 Stair / 60 Inches (Clear) 200 321
Level 3 Stairway 1 Stair / 60 Inches (Clear) 200 200
Level 3 Stairway 2 Doorway / 34 Inches (Clear) 170 424
Level 3 Stairway 3 Doorway / 34 Inches (Clear) 170 424
Level 3 Stairway 4 Doorway / 34 Inches (Clear) 170 424
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Level 4 Stairway 1 Stair / 60 Inches (Clear) 200 200
Level 4 Stairway 2 Doorway / 34 Inches (Clear) 170 338
Level 4 Stairway 3 Doorway / 34 Inches (Clear) 170 338
Level 4 Stairway 4 Doorway / 34 Inches (Clear) 170 337
Level 5 Stairway 1 Stair / 60 Inches (Clear) 200 200
Level 5 Stairway 2 Doorway / 34 Inches (Clear) 170 338
Level 5 Stairway 3 Doorway / 34 Inches (Clear) 170 338
Level 5 Stairway 4 Doorway / 34 Inches (Clear) 170 337

2.16 Required Egress Component Capacity

Table 16 — Egress Component Summary provides a summary of the existing egress components in
addition to the required width based on the occupant load of the building utilizing prescriptive based
design.

Table 16 - Egress Component Summary

OCCUPANT REQUIRED PR[?C\)/C')%ED REQUIRED | PROVIDED

FLOOR | LOADFOR | DOOR WIDTH WIDTH STAIR STAIR
FLOOR (IN) (IN) WIDTH (IN) | WIDTH (IN)

Level 1 785 157 238 - -
Level 2 1,151 231 170 346 300
Level 3 1,472 295 170 442 240
Level 4 1,213 243 170 364 240
Level 5 1,436 288 170 431 240

The first-floor meets the required egress width for the occupant load as shown in the table above. For the
second-floor, an additional sixty-one (61)-inches of door width and forty-six (46)-inches of stairway
width is required to adhere to the prescriptive requirements of the MNBC. The third-floor, which has the
highest occupant load, requires an additional one hundred and twenty-five (125)-inches of door width and
two hundred and two (202)-inches of stairway width. The fourth-floor requires an additional seventy-
three (73)-inches of door width and one hundred and twenty-four (124)-inches of stairway width while
the fifth-floor requires an extra one hundred and eighteen (118)-inches of door width and one hundred and
ninety-one (191)-inches of stairway width to adhere to the prescriptive requirements set forth by the
MNBC.

2.17  Minimum Interior Finish Ratings
Table 17 — Minimum Interior Finish Ratings indicate the minimum interior finish ratings set forth by the
MNBC. The existing interior finishes of the DCIB meet or exceeds the following requirements.

Table 17 - Minimum Interior Finish Ratings (MNBC Table 803.9)

EXIT ENCLOSURE AND EXIT ROOMS AND
OCCUPANCY PASSAGEWAYS CORRIDORS ENCLOSED SPACES
B, S-1, A-3 Class C Class C Class C
Atrium Class B Class B Class B
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2.18 Conclusion

The existing building does not adhere to the prescriptive requirement set forth by the MNBC based on the
new potential tenant modifications. Floors 2 — Floors 5 require additional door and stairway widths to
meet the requirements. Additional doors are required throughout the building to meet the minimum
guantity of doors from room or spaces.

During the life safety analysis, exceptions for having a fully sprinkled building in accordance with NFPA
13 were utilized. The following section describes the fire suppression systems utilized throughout the
building.
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3.0 FIRE SUPPRESSION ANALYSIS

Many exceptions for having a fully sprinkled building were utilized in the life safety analysis. Therefore,
a sprinkler system as described below and in accordance with NFPA 13 and NFPA 14 was provided for
the DCIB.

Additionally, per section 903.2.11.3 of the MNBC, an automatic sprinkler system must be installed
throughout the building since there is an occupied floor level that is located greater than fifty-five (55)
feet above the lowest level of fire department vehicle access.

3.1  Water Supply

The new eight (8)-inch water supply (red) is fed from the existing (blue) twenty-four (24)-inch looped
domestic system. The underground fire protection contractor will tap into the twenty-four (24)-inch
ductile iron line running parallel to 3" avenue via a hot-tap to prevent shut down of the domestic system
(See Figure 20 — Underground Tie-Point 01).

To hot-tap a line, the contractor will need to provide a tapping sleeve and a tapping valve. A tapping
sleeve (See Figure 21 — Tapping Sleeve) is like a clamp on tee with a flanged outlet perpendicular to the
line the contractor is tapping in to. A tapping valve will be placed on the flanged outlet of the tapping
sleeve. The tapping valve can recede its resilient wedge into its body to allow an obstruction free water
(See Figure 22 - Tapping Valve). The contractor will connect a drill to the tapping valve and drill a new
waterway into the twenty-four (24)-inch ductile iron line. When removing the drill, the contractor can
close the valve which will pressurize the tie-point. For this building, an eight (8)-inch cement lined
ductile iron pipe will then be routed to the building to feed the fire suppression system.

A flow test was conducted on June 12, 2015 near the building and was utilized for the hydraulic
calculations. The results were 89 psi static, 81 psi residual, flowing 1437 gpm. Per the City of
Minneapolis, any flow tests within the previous five years can be utilized for designing the hydraulic fire
suppression system.

Figure 20 - Underground Tie-Point 01
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Figure 21 — Tapping Sleeve Figure 22 - Tapping Valve
3.2 Suppression Systems
In total, the fire suppression system will consist of ten (10) wet-pipe systems, five (5) pre-action systems,
one (1) dry-pipe system and a standpipe system all designed, installed and tested in accordance with
NFPA 13 and NFPA 14.

3.2.1 Elevators

The elevators located in the DCIB are hydraulic type, constructed in accordance with ANSI/ASME Al17.1
and located in a non-combustible elevator shaft. Per NFPA 13 Section 8.15.5.2, a sprinkler is required at

the bottom of the hoist way due to the combustible hydraulic fluids and rubbish. Means will be provided

by the fire alarm contractor to stop the elevator before the sprinkler in the pit activates. A sprinkler is not
required at the top of the hoist way due to the elevator being constructed in accordance with ANSI/ASME
A17.1 per NFPA 13 Section 8.15.5.5.

3.2.2 Wet-Pipe Systems

There are ten (10) wet-pipe systems throughout the building, two (2) per each floor. Each floor requires
two (2) wet-pipe sprinkler systems due to the floor area being greater than the maximum allowable area
of fifty-two (52,000) square feet set forth by NFPA 13 Section 8.2.1. This building will be utilizing
acoustical tile ceilings (ACT) throughout the office spaces, therefore return-bends with a white semi-
recessed (See Figure 23 — White Semi-Recessed Sprinkler) will be utilized for areas where there is ACT.
Where there is no ceiling (i.e. mechanical rooms, loading docks), brass upright sprinklers will be utilized
(See Figure 24 — Brass Upright Sprinkler).
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Figure 23 — White Semi-Recessed Sprinkler Figure 24 — Brass Upright Sprinkler

3.2.3 Double Interlock Pre-action Systems

There are five (5) double interlock pre-action systems throughout the building, one (1) for each floor.
These systems will protect areas where there is a high concentration of electronics, i.e. (Information
Technology (IT) related rooms) to provide an extra layer of protection. Pre-action systems are a normally
“dry” system unless smoke or heat is sensed via a detector in the protected room. It takes an activation of
a fire alarm detector in addition to a sprinkler being activated to release the pre-action system. One or the
other will not activate the pre-action system. Many owners elect to provide these systems over high-
valued electronics. Due to the redundancy required to activate these systems, the chance of false
discharges is decreases. ACT will be provided in a majority of the IT and electrical rooms, therefore the
white semi-recessed sprinkler (Figure 23 — White Semi-Recessed Sprinkler) on a return-bends will be a
majority of the sprinklers on these pre-action systems.

3.24 Dry-pipe System

There is one (1) dry-pipe system in this building which is protecting the Loading Dock on the first-floor.
A dry-pipe system is provided since temperatures inside the loading dock can be below 40°F. Per NFPA
13, if the space or room can reach temperatures below 40°F then a dry system is required. Like a pre-
action systems, this system sits normally “dry”. How a dry-pipe system differs from a pre-action system
is it takes the activation of the sprinkler bulb only to activate the system, no additional detection is
required. The loading dock will be open to the deck, therefore brass upright sprinklers (See Figure 24 —
Brass Upright Sprinkler) on sprigs will be provided throughout the space.

3.25 Standpipe System

The final system being installed throughout the building is a stand-pipe system as required by MNBC
Section 905.3 and installed in accordance with NFPA 14. The exception allows Class | standpipe be
provided in lieu of Class Il due to the building being equipped throughout with an automatic sprinkler
system in accordance with NFPA 13. Per NFPA 14, a Class | standpipe provides a 2-1/2 — inch hose
connection for use by trained personnel of fire department with no attached hose. Section 5.4.1 of NFPA
14 allows Class | standpipes to be manual wet system in buildings like the DCIB which is not considered
a high-rise. Therefore, there are no pressure requirements associated with the standpipe system.

3.3 Hazard Groups

As with most buildings, there are multiple hazard groups throughout the DCIB. See Appendix B — Fire
Suppression Analysis for a graphical representation of the different hazard groups and locations
throughout the building.
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A majority of the building will be Light Hazard with a density of 0.10 gpm / sq. ft. over the most remote
fifteen hundred (1500) sq. ft. as required by NFPA 13 Figure 11.2.3.1.1 (See Figure 25 — Density / Area
Curve). Additionally, Light Hazard requires a hose stream allowance of one hundred (100) gallons per

minute (gpm) and maximum sprinkler spacing of fifteen (15) feet and two hundred and twenty-five (225)
square feet per head.

The Loading Dock Room 141 on the first floor will be treated as an Ordinary Hazard Group Il with a
density of 0.20 gpm / square foot over the most remote fifteen hundred (1500) sq. ft. as required by NFPA
13 Figure 11.2.3.1.1 (Figure 25 — Density / Area Curve). Ordinary Hazard Group Il requires a hose
stream allowance of two hundred and fifty (250) gpm and maximum spacing of fifteen (15) feet for
sprinklers and one hundred and thirty (130) square feet per head.

The final hazard group, and the most demanding is Extra Hazard Group Il over the Mattress Fabrication
Room 130 on the first floor. Extra Hazard Group Il requires a density of 0.40 gpm / sq. ft. over the most
remote twenty-five hundred (2500) sq. ft. as required by NFPA 13 Figure 11.2.3.1.1 (Figure 25 — Density
/ Area Curve), a hose stream allowance of five hundred (500) gpm and maximum sprinkler spacing of
twelve (12) feet and one hundred (100) square feet per head. As show in Appendix B — Fire Suppression
Analysis, this room is the hydraulically most demanding area of the building.
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Figure 25 — Density / Area Curve

3.4  Hydraulic Analysis

See Appendix B — Fire Suppression Analysis for a detailed hydraulic calculation. The preliminary
calculations determined a demand of one thousand one hundred and fifty (1,150) gpm at seventy-six 76
psig with an additional five hundred (500) gpm hose stream allowance. The most demanding area is
surprisingly on the first floor, but it is the Extra Hazard Group Il occupancy. Per the calculations, and
assuming an overflow of 15%, which is conservative, this building does not need a fire pump. As shown
in Figure 26 — Water Supply Requirements, the demand of the system is below that of the supply curve.
The fire suppression contractor will perform detailed design of the suppression system in accordance with
applicable codes and Appendix G — Specifications.
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Figure 26 — Water Supply Requirements

3.5 Hangers and Bracing

The State of Minnesota has no bracing requirements due to its low seismic zone per MNBC Chapter 16.
Hanger and spacing requirements will meet the requirements of Chapter 9 of NFPA 13. Spacing of
hangers will be in accordance with Figure 27 — Maximum Distance Between Hangers.

Nominal Pipe Size (in.)

54 1 14 114 2 2145 3 314 1 5 6 8
Steel pipe except threaded  N/A 120 1240 150 150 150 1540 150 150 150 150 15-0
lightwall
Threaded lightwall steel N/A 12-0 1240 120 120 1240 120} N/A N/A N/A N/A N/A
pipe
Copper tube B-) H-0 1000 10-0) 12-0 120 124 15-0 15-0) 15-00 150 150
CcPve h-h B0 -6 70 B-0 940 1040 N/A N/A N/A N/A FA
Ductile iron pipe NAA  N/AA NAA S NAA NJAA S NAA 15-0) N/A 1500 N/A 15-0 15-01

Figure 27 -Maximum Distance Between Hangers

3.6 Inspection, Testing and Maintenance
Inspection, testing and maintenance will be done in completed with NFPA 25 and outlined in Figure 28 —
Inspection, Testing and Maintenance below.
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Item Inspection Testing Maintenance Reference
Frequency NFPA 25
Gauges Weekly/Monthly Position-Annually Only if leak 5.2.5.2,5.2.4.3,
Operation-Annually QCcurs 5.2.4.4
Control Valves Quarterly Annually Only if leak Table 13.1
OCCUrs
Waterflow alarm Quarterly Annually with Only if leak 5.2.5
device control valve occurs
Piping and fittings | Annually When you test the Only if leak 522
control valve, flows accurs
water through pipes
Sprinklers Annually At 50 years and Only if leaks 5.2.1
every 10 years after | occur

Figure 28 — Inspection, Testing and Maintenance

The fire suppression system will be designed, installed and tested in accordance with NFPA 13 and NFPA
14 to provide the DCIB a complete automatic suppression system as required by the MNBC.

The fire suppression system works in conjunction with a fire alarm system to provide the safest building
for the occupants. The fire alarm system is used not only detect fire, but modify and alert occupants and
the fire department in case of a fire or activation of the suppression system.
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4.0 FIRE ALARM ANALYSIS

4.1 Introduction
An addressable fire alarm system will be provided throughout the building as required by MNBC Section
907.2.14 and designed, installed and tested in accordance with NFPA 70 and NFPA 72.

Transmission of signals to a supervised monitoring station will be via a Digital Alarm Communicator
Transmitter (DACT). The DACT will require two phone lines be dedicated to this unit. Power panels
capable of mounting Notification Appliance Circuits (NAC) will be used in lieu of NAC Panels. It is
assumed one power panel will provide twenty-five thousand (25,000) sqg. ft. of notification appliances.

All system wiring will be Class B which with an end-of-line resistor at the end of the circuit.

4.2 Fire Suppression

As previously discussed, an automatic sprinkler system will be installed throughout the building in
accordance with NFPA 13. In addition to the sprinkler system, the fire suppression subcontractor is
required to provide the following initiating devices on their system. The devices will be provided by the
fire suppression subcontractor but wired and monitored by the fire alarm subcontractor.

4.2.1 Valve Supervisory Device

A valve supervisory switch monitors the integrity of the fire suppression system by monitoring the
“position” (i.e. Open or Closed) of a control valve. A control valve is a valve is defined as a valve that
could hinder the sprinkler system if left in the wrong position. A valve supervisory device is required on
all fire suppression system control valves.

Per NFPA 72 Section 17.16.1, the valve supervisory switch shall have separate and distinct signals: one
indicating movement of the valve from its normal position, and the other indicating restoration of the
valve to its normal position. For example, assume the switch on the valve is a normally open contact. As
the operator begins to turn the valve, the switch closes, indicating a supervisory condition. The switch
stays in the closed position as the operator continues to close the valve. When the operator reopens the
valve, the closed contact transfers back to the open state when the valve is completely open. The opening
of the valve provides the second distinct signal. See the fire suppression rise one-line diagram in
Appendix B - Fire Suppression Analysis for location and quantity of supervised valves. See Figure 29 -
Valve Supervisory Switch for a typical tamper switch.

EPOTTER

Figure 29 - Valve Supervisory Switch
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4.2.2 Water Flow Switch

For the wet-pipe sprinkler systems, vane-type water flow switch will be provided (See Figure 30 — Vane —
Type Water Flow Switch) to initiate the fire alarm system of a waterflow condition. As required by code,
a pressure type water flow switch will be provided for normally “dry” systems (See Figure 31 — Pressure-
Type Water Flow Switch). These initiating devices will signal an alarm condition on any flow of water in
the piping.

The water in a wet-pipe sprinkler system riser is typically static, but due to pressure surges water can
move upward in the riser. Therefore, water flow must occur for a minimum of 90 seconds for these
devices to initiate an alarm condition. Most municipalities allow you to reduce this time to 45 or 60
seconds.

Figure 30 - Vane-Type Water Flow Switch Figure 31 - Pressure-Type Water Flow Switch
4.3  Fire Alarm Components

4.3.1 Fire Alarm Control Unit (FACU)
The fire alarm control unit will be a Notifier NFS320 intelligent addressable FACU (See Figure 32 —
Notifier NFS 320 FACU). The unit is located in the EE Room on the first floor.

The FACU provides the monitoring and control of all fire alarm and fire suppression system devices. A
majority of the initiating devices in the building are addressable, where an addressable device is not
obtainable for a specific device (i.e. beam detectors), an addressable input module will be provided.
Addressable devices or modules allows the FACU to quickly identify the specific device type and
location to alert the responding fire department.

Additionally, the FACU provides activation of the audible and visual notifications throughout the
building. Audible notification will be provided for all rooms and areas throughout the building while
visual notification will be provided for all common use and public areas. See Appendix C — Fire Alarm
Analysis for graphical representation showing location of these requirements.
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NFS-320

Figure 32 - Notifier NFS 320 FACU

4.3.2 Fire Alarm Annunciator (FAA)
Following good engineering practice, a Notifier LCD2-80 fire alarm annunciator (See Figure 33 —
Notifier LCD2-80) will be provided in the first-floor lobby. The FAA is essentially an extension of the

FACU and shows fire alarm, trouble or supervisory signals to allow the responding fire department
quickly asses what floor a device has been activate.
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Figure 33 - Notifier LCD2-80

4.3.3 Manual Pull Stations

Manual pull stations (See Figure 34 — Manual Pull Station) are provided at all the ground floor exits in
addition to the entrance to each stairwell. Additional pull stations are provided as required to ensure that
the horizontal travel distance from any point in the building to the nearest pull station does not exceed 200

feet per NFPA 72 section 17.14.8. Figure 35 — Manual Pull Station Wiring provides typical wiring of the
addressable manual pull station for Class B wiring.
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Figure 34 - Manual Pull Station Figure 35 - Manual Pull Station Wiring

434 Photoelectric Smoke Detectors
Photoelectric type smoke detectors (See Figure 36 — Photoelectric Smoke Detector) will be provided at
the following locations;

e Atrium (At all overhangs and the ceiling of the atrium).

e Elevator lobbies.

e Rooms with pre-action sprinkler systems for activation.

e Above FACU’s and above NAC Units.

020298 .pg

FSP-851(A) in B210LP(A) Base

Figure 36 - Photoelectric Smoke Detector
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4.3.5 Duct Smoke Detectors

Duct smoke detectors (See Figure 37 — Duct Smoke Detector) listed for air distribution systems will be
located as follows and in accordance with NFPA 90A Section 6.4.2. Typical wiring of duct smoke
detector is provided in Figure 38 — Duct Smoke Detector Wiring.

e On the return side of the AHU, downstream of air filters and ahead of any branch connection in
air supply systems have a capacity greater than 2000 cfm.

e At each story prior to the connection to a common return and prior to any recirculation or fresh
air inlet connection in air return systems having a capacity greater than 15,000 cfm and serving
more than one story.

T
| |
COMM. |
Ot 8 O
COMM. I

1
: |

| 1

| 1

| 1

LINE I 1 I 1
| 1

| 1

| I

| 1

1

@4— CNE D) —rF: @
|
1 |

I

—— - ——— -

UL/FM LISTED 15T 2ND

CONTROL DETECTOR DETECTOR
PANEL IN LOOP IN LOOP
Figure 37 - Duct Smoke Detector Figure 38 - Duct Smoke Detector Wiring

4.3.6 Heat Detectors

Heat detectors (See Figure 39 — Heat Detector) will be provided in mechanical rooms and elevator
machine rooms. A heat detector with a lower temperature rating than the adjacent sprinkler head will be
located in the hoist way. If the heat detector is activated, it will shut down power to the elevator motor
before the motor gets wet from the sprinkler system. Figure 40 — Heat Detector Wiring Detail provides
the typical wiring detail for a non-addressable heat detector located on a Class B circuit.

REMOTE ANHUNCIATOR
+ -

Comesttsn
53;{;&
; O V. = - Y1
i I
FST-851(A) in B210LP(A) Base : Wiring Diagram
Figure 39 - Heat Detector Figure 40 - Heat Detector Wiring Detail

4.3.7 Beam Detectors
Beam type smoke detectors will be located at the atrium ceiling pocket where exhaust air is drawn out in
addition to the atrium skylight.
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4.4  Fire Alarm Notification Devices

Audible and visual notification appliances will be provided throughout the building. Visual will only be
provided in public and common areas which make up a majority of the building. Ceiling mounted
devices were used in all areas with a ceiling. If an area did not have a ceiling, wall mounted devices will
be utilized.

44.1 Horn Strobe

Combination horn strobes will be provided for all areas which require audible and visual notification. See
Figure 41 — Ceiling Mounted Speaker Strobe for the typical ceiling mounted speaker strobe and Figure 42
— Wall Mounted Speaker Strobe for typical wall mounted speaker strobe. The horn strobes provided have
adjustable candela ratings on the device for field modifications.

Figure 41 - Ceiling Mounted Horn Strobe Figure 42 - Wall Mounted Horn Strobe

442 Audible Notification

A minimum of fifteen (15) dBa over the ambient noise level in the space is required by NFPA 72. A
typical horn produces eighty-four (84) dBa at 10 ft away from the speaker. Using the rule of thumb of 6
dBa loss every time the distance is doubled, it allows forty (40) + foot of travel distance before the sound
rating it below seventy (70) dBa (assuming fifty-five (55) dBa ambient throughout the space). Figure 43
— dBA Loss shows a graphical representation of the dBA loss based on distance.

T f— 10 ft—sfe— 10 ft—=}e 20 1t | ]

[ K 90 dBA 84 dBA 78 dBA

(min.)
\J

Figure 43 - dBA Loss

443 Visual Notification

Visual notification devices are provided in all public and common areas as required by MNBC Section
907.5.2.3.1. This includes offices due to the fact the office may belong to a deaf individual. Ceiling
mounted notification appliances will be provided were applicable due to the greater spacing requirements
compared to wall mounted devices. (See Figure 44 — Room Spacing for Visual Notification).
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Figure 44 - Room Spacing for Visual Notification

444 Battery and Voltage Drop Calculations
Battery calculations to support twenty-four (24) hours of standby time in addition to five (5) minutes of
alarm time is provided for the FACU and all power panels supporting the notification appliance circuits in
accordance with NFPA 72. Per the calculations below, 18 amp hours of battery capacity is required for
the FACU. (See Figure 45 — FACU Typical Battery Calculations). Detailed audible/visual notification
layout and calculations will be completed by the fire alarm subcontractor in accordance with applicable
codes and standards and Appendix G — Specifications.
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) NOTIFIER'
by Honeywell

System Power Requirements

Notifier NFS-320 Fire Alarm Control Panel

Protected Premises: DCI DATA CENTER BUILDING

Date: 06/03/2017

Address:

City: MINNEAPOLIS

State: MN Zip:

alarm system

AC Branch Current Requirements

Current required by source to power the fire

AMF‘S @ 120 VAG

Primary Standby Load
noen-alarm conditions.
Primary Alarm Load

alarm condilions.

Current load on the primary power supply during

Current load on the primary power supply during

Secondary Load Requirements
Total Secondary Load from the calculation table below

Amp Hours

Current Draw | | Time (hours) | Total (AH)
Secondary Standby Load X Required Standby Time
0.560 A 24 hours | 13.45
Secondary Alarm Load Required Alarm Time (hours)
0.588 A X 0.084 hours [ oos

Total Secondary Load 13.50
Dierating factor x1.2

Secondary Load Requirements (Amp Hours) | 16.20 | AH

Battery Selection

Select batteries from the list below.

E Amp Hours

[18 AH BAT-12180 Battery (12 vait) |

= Two

[ Four (two 12VDC sets in paralel)

@ mNoTiFIER’
by Honeywell

Device Current Draw

Part Number
CPU-320

Quantity  [4

NFS-320 Fire Alarm Control Panel
r current draw] = total current draw per
Primary Non-Alarm | Primary Alarm
= 0.25000 0.26000] = 025000

¢ (inamps)
| Secondary Non-Alarm

| aty |

CPS-24

0.00000 0.00000] = 000000

NE A2 - Backlight O

FOn00 0.20000] = 0.20000

LED2-80

- 070500 0.08300] - 008800

FSP-851

= 0.00600 0.00000] = 000000

00150 0.00000] = 000000

D000 0.00000] = 000000

H
H
¥
1 [
0.00030) - 0.00420 # [0.00000] - 0.00000)
H
H
¥
i

- 000160 0.00000] - 0.00000

= 0.00810 4 [0.00000] - 000000 4[0.00035] - 0.00810
= 0.00153 ¥ [0.00000] = DU:)D.’Jl‘.l L 6| =0.00153

w [0.00000] = 0.00000] I = 000146

Part Number
Primary Alarm Load - C7

i =
0.5480 A]

Tatal (Amperes):

I 55850 A

Figure 45 - FACU Typical Battery Calculations

Voltage calculations is required for all control units to verify adequate power of the specific device is
provided to the most remote notification appliances. 20.4V is the starting power of a circuit after

derating. The fire alarm subcontractor will perform the detailed battery and voltage calculations, see
Figure 46 — Typical Voltage Drop Calculations for an estimate.
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445

(P)POTTER

The Symbol af Prifection

PSN-106 Installed By:
Battery & Voltage Drop Designed By:
Caleulations Date:()6/03/2017

Model #: FEN-106
Panel ID: NAC 1.1
Loeation: FIRST FLOOR

project Name:DC| DATA CENTER BLDG

Standby Hours: |24

Alarm Mins: |5
Batt Efficlancy %: [80%

NAC Source Valtage:

Max Panel Current [amps): 10

User assumes: aif resporsibility to ensure the quantities and current
oo wiues in this warksfreet ave accunate pricr to submithal,
Standby [amps)

Alarm (amps)

Dascription Each Total
1 P5SMN-106 MAL Power Expander 0075 0.075 0075 0.075
Panel Standby: 0.075 Panel Alarm: 0.075
WAL Cireuits |See NAC Configuration below) Standby [amps) Alarm (amps)

Ckt Use Description Tatal Total
1 Maotification 1st Floar NW 0,00000 082700
i Motification 15t Floor W 0. D000 L.06400
3 Motification 15t Floor SE 0.00000 D.IET00
4 Motification 135t Floar NE 0. 00000 083400
5 0.00000 000000
& 0.00000 000000
ALK 0.00003 000000
MAC Standby: 0.00000 WAL Alarm: 3.43200

Battery Calculation Summary

Standby [amps) Alarm (amps)

Panel Currant: 007500 007500

MAC Circult Current: 0.00000 3.49200
Total Standby: 0.075000 Total Alarm: 3.56700
Standby Hours: 14 dlarm Mins: 5

AH Required: 180 AH Required: 030

Total Combined Standby & Alarm AmpHowrs Required: 2.10
Efficigncy Factor: 80%

Required Battery AmpHours: .63

Figure 46 - VVoltage Drop Calculations

Inspection, Testing and Maintenance

Prior to the fire alarm system being commissioned, the installing fire alarm subcontractor will be required
to complete System Record of Completion form in Section 8, Chapter 7 of NFPA 72.

Additionally, testing in accordance with NFPA 72 Table 14.4.2.2 is required for all devices throughout
the building.

The fire alarm system will be designed, installed and tested in accordance with NFPA 70 and NFPA 72 to
provide the DCIB a complete automatic fire alarm system as required by the MNBC.

The fire suppression system works in conjunction with a fire alarm system to provide the safest building
for the occupants.
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5.0 PRESCRIPTIVE ATRIUM DESIGN REQUIREMENTS

5.1  Summary of Prescriptive MNBC Atrium Requirements

Per Chapter 2 of the MNBC, an atrium is defined as “an opening connecting two or more stories other
than enclosed stairways, elevators, hoist ways, escalators, plumbing, electrical, air-conditioning, or other
equipment which is closed at the top and not defined as a mall. Stores as used in this definition, do not
include balconies within assembly groups or mezzanines that comply with Section 505.”

Per the above definition, this building is equipped with a five-story atrium, therefore Section 404.2
through Section 404.9 apply and is summarized below. See Figure 47 — Section View of Atrium for the
section view of the atrium and layout.

404.2 Use. The floor of the atrium shall not be used for other than low fire hazard uses and only
approved materials decorations in accordance with the MNFC shall be used in atrium space.

Exception: The atrium floor area is permitted to be used for any approved use where the
individual space is provided with an automatic sprinkler system.

Section 404.2 is in place to limit the fuel load which can be in the atrium. Due to the open nature of the
atrium, smoke can spread vertically to multiple floors. The design fire used for the performance based
design utilized a couch fire which is the highest fuel load located in the atrium.

404.3 Automatic sprinkler protection. An approved automatic sprinkler system shall be installed
throughout the entire building.

As previously discussed, the MNBC requires an automatic sprinkler system be installed throughout the
building. Having a suppression system greatly increases the safety of the occupants.

404.4 Fire alarm system. A fire alarm system shall be provided in accordance with Section 907.2.14.

As previously discussed, the MNBC requires an alarm system be installed throughout the building. See
Section 4 — Fire Alarm Analysis for additional information. Having an alarm system in a building with an
atrium allows for occupants to be notified in case of a fire and evacuated while the fire department is
notified.

404.5 Smoke control. A smoke control system shall be installed in accordance with Section 909.

As will be discussed in further detail in Section 6 — Performance Based Analysis, a mechanical smoke
control system will be provided for the atrium. This system allows smoke to be quickly move vertically
through the atrium and discharged outside to allow occupants a tenable environment to egress the
building safely.

404.6 Enclosure of atriums. Atrium spaces shall be separated from adjacent spaces by a 1-hour fire
barrier constructed in accordance with Section 707 or a horizontal assembly constructed in accordance
with Section 711, or both.

As shown on the life safety plans in Appendix A — Life Safety Analysis, a one (1)-hour fire barrier is
separating the atrium from the remainder of the building. The purpose of this section is if a fire occurs in
the atrium, the smoke will not spread throughout the building. Automatic door holds in said 1-hour
barrier are required and will activate once a smoke detector in the atrium activates. An exception to this
section, one can locate automatic sprinklers along both sides of a wall or door and within four (4)-inches
to twelve (12)-inches away from said wall or door to provide equivalent protection. The sprinkler
exception is especially useful for when architects are looking to design rooms that overlook the atrium via
glass walls.
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404.7 Standby power. Equipment required to provide smoke control shall be connected to a standby
power system in accordance with Section 909.11.

The purpose of this Section is to keep the smoke control active and ready, even in a situation of power
failure in the remaining parts of the building. Keeping the smoke control system active provides an
increased level of protection to all occupants. This building is equipped in an uninterrupted power supply
which does power the smoke control system.

404.8 Interior finish. The interior finish of walls and ceilings of the atrium shall not be less than Class B
with no reduction in class for sprinkler protection.

The purpose of this Section is to limit the flammability of components located in the atrium. A fire in the
atrium can be detrimental to all occupants throughout the building, that is why it is so important to limit
the fire load in the atrium.

404.9 Travel distance. In other than the lowest level of the atrium, where the required means of egress is
through the atrium space, the portion of exit access travel distance within the atrium space shall not be
greater than 200 feet. The travel distance requirements for areas of buildings open to the atrium and
where access to the exits is not through the atrium, shall comply with the requirements of Section 1016.

The purpose of this Section is to limit the travel distance for occupants located in the atrium. This
building has a small area open to the atrium, the two-hundred-foot travel limit is met. See Appendix A —
Life Safety Analysis for egress analysis and routes.
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Figure 47 - Section View of Atrium
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6.0 PERFORMANCE BASED ANALYSIS

Section 6 — Performance Based Analysis is a review of the fire protection features in the DCIB which are
beyond the prescriptive code requirements. A Fire Dynamic Simulator (FDS) model was ran utilizing
Pyrosim to ensure tenability limits set forth in the fifth edition of the Society of Fire Protection Engineers
Fire Protection Engineering Handbook (SFPEHB) are achieved. In addition, a Pathfinder model was run
to determine the required safe egress time of the building occupants based on the tenants potential
building modifications. The purpose of this performance based analysis is to prove occupants have
adequate time to evacuate from the building, even though the building does not meet the prescriptive code
requirements. See Figure 48 — Street View of DCIB for a street view of DCIB and Figure 49 — FDS
Model for the FDS model created for the atrium of the DCIB.

L § i

[
erﬂﬂ Il
. A

Figure 48 - Street View of DCIB Figure 49 - FDS Model

6.1  Summary of MNBC Prescriptive Smoke Control Requirements

As discussed in Section 5 — Prescriptive Atrium Design Requirements, a smoke control system in
accordance with Section 909 of the MNBC is required for the atrium space of the building and the
requirements are summarized below.

909.4.6 Duration of operation. All portions of the active or passive smoke control system shall be
capable of continued operation after detection of the fire event for a period of not less than 20 minutes.
System design shall be for 20 minutes; however, fans shall continue to operate after 20 minutes and shall
continue to operate automatically for smoke removal during fire suppression overhaul efforts for a
minimum of 5 minutes for every 10 feet vertically of protected space.

It should be noted; this definition differs from the 2012 IBC which states;
All portions of the active or passive smoke control system shall be capable of continued operation after

detection of the fire event for a period of not less than 20 minutes or 1.5 times the calculated egress time,
whichever is less.
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The 2015 IBC amends this section modifying “whichever is less” to “whichever is greater”. This would
ensure that the available safe egress time is always greater than the required safe egress time.

As discussed later in this analysis, a Pathfinder model was completed and indicated a required evacuation
time greater than 20 minutes. Good engineering judgment would indicate to provide an available safe
egress time of one and a half (1.5) times the egress time of the Pathfinder model, even though code only
requires 20 minutes. Due to the FDS model only being ran for twelve hundred (1200) seconds, in
accordance with the MNBC and for the purpose of this analysis, an available safe egress time of twenty
(20) minutes was considered.

909.8 Exhaust method. When approved by the fire code official, mechanical smoke control for large
enclosed volumes, such as in atriums or malls, shall be permitted to utilize the exhaust method. Smoke
control systems using the exhaust method shall be designed in accordance with NFPA 92B.

909.8.1 Smoke layer. The height of the lowest horizontal surface of the smoke layer interface
shall be maintained at least 6 feet above any walking surface that forms a portion of a required
egress system within the smoke zone.

The atrium will utilize a mechanical smoke control system and defers design of the smoke control system
to NFPA 92B. MNBC requires the smoke layer be maintained six (6) feet above the highest walking
surface for the entire available safe egress time of twenty (20) minutes.

909.9 Design fire. The design fire shall be based on a rational analysis performed by the registered
design professional and approved by the fire code official. The design fire shall be based on the analysis
in accordance with Section 909.4 and this Section.

The design fire is discussed in detail in the following section.

6.2  Design Fire

Per MNBC Section 909.9, the design fire scenario must be approved by the fire code official. The
characteristics of the design fire is based on published fire test data found in SFPEHB and publications by
National Institute of Science and Technology (NIST).

The design fire used for this analysis is based on the effects of furniture located on the second-floor in the
reception area as shown in in Figure 52 — Location of Design Fires. The second-floor furniture layout is
capable of the largest fire load compared to other furniture layouts located in the atrium.
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Figure 50 - Heat Release Rate of Upholstered Furniture

Figure 50 — Heat Release Rate of Upholstered Furniture illistrutates several upholstered furniture items
tested at NIST. F32 is a sofa constructured of polyurethane foam complying with the 1975 California TB
117 standard and polyolefin fabric. A sofa constructred utilizing ordinary polyurethane foam gave
essentially the same heat release rate per NIST. Based on Figure 50, a typical sofa widely bought by
consumers would have a peak heat release rate of thirty-two hundred (3,200) kilowatts (KW).

Due to the proximity of other furniture pieces as seen in Figure 52 — Location of Design Fire, it was
assumed a fire on the sofa would spread to adjacent pieces of furniture. The resulting heat release rate
with the additional fuel load is considered to be approximately five thousand (5,000) kW. This fuel load
takes into account the ignition of nearby fuel packages.

The design fire consisted of a custom-ramped fire following Figure 50 — Heat Release Rate of
Upholstered Furniture with the peak heat release rate of five thousand (5,000) kW occurring at 256
seconds (See Figure 51 — Heat Release Rate of Design Fire). After the peak heat release rate the fire will
decay to roughly four hundred (400) kW at five hundred (500) seconds where it will stay for the
remaining available safe egress time of twenty (20) minutes. See Figure 51 for the heat release rate of the
design fire utilized in the FDS model.
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Figure 51 - Heat Release Rate of Design Fire

Figure 52 — Design Fire Location

6.3  Tenability Limits

The tenability limits for the DCIB are conditions that cause incapacitation to the occupants such that they
are unable to escape from the building. Table 63.1 — Acute Survival Hazards During Fires of the
SFPEHB lists the acute physiological fire hazards affecting escape capability in the order which they tend
to be encountered. See Figure 53 — Acute Survival Hazards During Fire for graphical representation.
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e Impaired vision from smoke obstruction

e Impaired vision, pain, and breathing difficulties from effects of smoke irritants on eyes and
respiratory tract.

e Asphyxiation from toxic gases leading to confusion and loss of consciousness
Pain to exposed skin and respiratory tract followed by burns from exposure to radiant and
convected head leading to collapse.

Before 0 A few A minute
entering seconds or so
T
Onopening || Immediate Further loss of Collapse and coma
door: loss of vision due to eye from asphyxia
decide vision pain»and closgre, when a sufficient
whether to depending respiratory pain dose of gases has
enter on smoke and distress been inhaled or
smoke density depending on due to heat and
concentration of burns, followed by
iritants death

|

Smoke OD/m 6

CO 5500 ppm

C0O5 5%

0,145%

HCN 850 ppm
Acrolein 2 ppm
Formaldehyde 5 ppm
Temp: 60°C

e
A few hours or days: —_— ‘ L\

Injury or death due to pathological effects on lungs, ‘ =

heart or brain from irritants, asphyxiants or heat

Figure 53 — Acute Survival Hazards During Fire

For the purpose of the analysis, two tenability limits were investigated:;

1. Impaired vision from smoke.

2. Temperature limits of the fire and associated plume.
Utilizing an FDS model, one can determine if the tenability limits outlined below are ever exceeded
within the available safe egress times.

6.3.2 Visibility Limits

The smoke control system must maintain a visibility distance of four (4)-meters (smoke density of 0.5
1/m) at a location of six (6)-feet above the fifth-floor walking surface as required by the MNBC. The four
(4)-meter requirement is outlined in the SFPEHB and shown in Figure 54 — SFPE Visibility
Requirements. Due to the DCIB being an office building, a majority of occupants should be very familiar
with the environment since they are there for forty (40) hours a week. If the building occupants are
unfamiliar with the environment, a visibility distance of thirteen (13)-meters will be required.

Visibility less than four (4)-meters of smoke density of 0.5 1/m at a point six (6)-feet above the highest
walking surface will cause failure of the performance based analysis.
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Table 61.3 Allowable smoke densities and visibility that
permils salie escape
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Figure 54 - SFPE Visibility Requirements

6.3.3 Temperature Limits

Visibility
13 m
dm

The exhaust system must maintain the temperate six (6)-feet above the highest walking surface below
195°F per Figure 55 — Temperature Tenability from the SFPEHB. The effects of thermal radiation
depend on the duration of exposure, humidity level, clothing worn and how the individual is exposed.
For the purpose of this analysis, a “dry”” atmosphere is assumed since it is located in Minnesota.
Temperatures above 195°F will compromise the egress path and result in a failure of the performance

based design.

Tolerance time for exposure to convected heat
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6.4

Exposure time (min)

Figure 55 — Temperature Tenability

Available Safe Egress Time (ASET)

The ASET is defined as the time available for occupants to evacuate from the building. As previously
discussed, the ASET for this project is twenty (20) minutes. Per the MNBC, 20 minutes is the largest
time for which tenability limits must be maintained. See Figure 56 — Egress Time for a graphical
representation of the available safe egress time versus the required safe egress time from a building.

California Polytechnic State University

6-52

Bryan Hathaway



Fire Protection Analysis

— - ; . —>
1 Available safe escape time (ASET) ] 1
H 1 ' !
I___._.>
i | ]
T y P! Margin of
i Requi i 1
| equired safe escape time (RSET) | safety
! ]
; I
! ' dt evac !
— H >
} : ] !
! Evacuation time : H
i dtpre : .
L \..‘ 1
’: 1
!  dt mov 1
1 Premovement time —_—!
: ; : Movement :
! — N “; i time I
' 1 Recognition time : 1 :
| dta ' !
I i l
I 3 I 1 " 1
| Alarm time ! 1 Response time I
1 1 1 !
! I
' I
dt det ' I
— > i
Detection time : : . !
1
Ignition  Detection Alarm ) Evacuation  Tenability
complete limit

Figure 56 - Egress Time

6.5 Required Safe Egress Time (RSET)

The RSET was calculated utilizing means from the SFPEHB in addition to computer software which
model egress paths and times. The RSET is the total time from fire ignition until total evacuation of the
building. Figure 56 — Egress Time indicates the sequence for which the RSET is to be calculated and is

outlined below.

6.5.1 Detection Time

The detection time is the time from fire ignition to the point of an alarm signal throughout the building.
The detection time will vary depending on the location of the fire and the proximity of an initiating
device. Due to the openness, a fire with the same heat release rate in the atrium was assumed to have the
longest response time.

The United States Nuclear Regulatory Commission provides three equations to calculate the smoke
detector response time. A scenario where a detector located on the fifth-floor ceiling, with the resulting
design fire on the second floor was utilized to determine the detection time. The Milke Method was the
most conservative at 96 seconds (See Figure 57— Smoke Detector Response Time) and was utilized to
determine the RSET.
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Figure 57 — Smoke Detector Response Time

Alarm and Pre-movement Time

The alarm and pre-movement time is the time it takes from a notification (i.e horn/strobes) until the
occupant begins to egress. Since this is an office building, one can assume occupants are individuals
between age 22-65 who are familiar with the building. Per Figure 58 — Pre-movement Time, a maximum
pre-movement time of 240 seconds can be estimated for a mid-rise office building based on actual testing

on a warm day.

Table 64.4 Delay times (min) denved from actual fires and evacuation exercises repored in the referenced Itersture [37]

Event description N Min
High-risc hotel 536 0
High-rise hotel 47 0
High-rise office building 85 0
High-rise office building 46 0
High-rise office building 107 1o
High-rise office building 12 0s
Mid-nise office building 92 0
Mid-rise office building 161 0
One-story depuartment store 98 |
Three-story department store 122 0.05
One-story department store 122 007
One-story department store 71 0.03
High-rise apartment bullding  NA 0
219 0
High-rise apartment bunlding 13 03
High-rise apartment building 93 04
High-rise apartment bulding 27 1.0
Mid-rise apartment building 42 0.6
Mid-nise apartment building 55 =05
Mid-rise apartment building 77 >03
Mid-rise apartment building 80 0.3
Tramning facility 56 02

NA not reported

1MQ Medin 3dQ Max Mean Factors
i3 600 1309 2% NA MGM Grand Hotel fire, no alarm notification, grouped
data from questionnaires
20 50 175 120 NA Westchase Hilton Hotel fire, no alarm in carly stages,
grouped data from guestionnaires
20 50 100 245 13 World Trade Center explosion and fire, no alarm notification
(burlding closer 1o explosion)
45 100 315 185 284 World Trade Center explosion and fire, no alarm notification
(bunldmg Tarther from blast)
1o 1.0 10 60 NA Fire incident, no alarms, data from interviews with occupants
of four floors of budlding (11 interviewees were trappoed)
NA 1.0 NA 23 12 Unannounced dnll on three floors; data for fiest person to reach
cach of four starwell doors to walt for vosce instruction; trained
staff, data from video recordings
04 06 03 - 0.6 Unannounced dnill, good alarm performance; fire wardens; warm day
0ns 09 14 h] 11 Unannounced dnll, good alarm performance: fire wardens: cool day
0n2 03 0s 09 04 Unannounced dnll; tramed stafl. data here denved from grouped
data for 95 participants
NA NA NA 16 0.6 Unannounced dnll tramed stafl: times distilled from analysis of videotapes
NA NA NA 17 05 Unannounced dnll; tramed stafl: tmes distilled from analysix of videotapes
NA NA NA 1.0 04 Unannounced dnll: tramed staff: tmes distilled from analysis of videotapes
NA NA NA NA 10.5 Forest Laneway fire; for occupants who attempted to evacuate in the first hour,
based on queshonnaire responses
NA 1878 NA 720 1908  Forcest Lancway fire, for all occupants
0s 13 44 102 28 Unannounced dnll: good alarm performance
1.5 36 69 186 53 Unannounced dnll; good alarm performance; heavy snow during drill
20 80 140 20 NA Firc incident in carly momung, alarm functioned., fewer than hall the
occupants evacuated
1.0 1.4 30 14 25 Unannounced dnll. good alarm performance
1.6 44 135 21 54 Unannounced dnll: poor alarm performance
19 1.7 19.1 4 97 Unannounced dnll: poor alarm performance
12 25 37 12 3.1 Unannounced dnll. good alarm performance
07 1.1 15 >5 NA Testing siceping subjects at a traiming facility

Figure 58 - Pre-movement Time
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6.5.3 Movement Time

The final phase of egress is the movement time of the buildings occupants to exit the building. A
Pathfinder model was completed to determine the movement time for the building occupants. As
previously discussed, due to the occupant load being roughly 3 times greater than what was originally
designed, it can be assumed the egress time is 3 times longer than what was originally intended. The
following assumptions were used in the Pathfinder model;

e All occupants will travel at the same speed.
o All occupants begin egress at the same time.

Per the Pathfinder model, it will take nineteen (19) minutes for all occupants to exit the building based on
the proposed tenant layout (See Figure 59 — Pathfinder Model @ 2 minutes on North Wall Looking
South). As indicated in Figure 60 — Pathfinder Model @ 15 Minutes on North Wall Looking South, the
fifth-floor is evacuated at the fifteen (15)-minute mark.

Figure 59 - Pathfinder Model @ 2 Minutes on North Wall Looking South

Figure 60 - Pathfinder Model @ 15 Minutes on North Wall Looking South

It should be noted, within 15 seconds occupants the building occupants are beginning to que at the thirty-
six (36)-inch doorway feeding the stairwells. Thirty-six (36)-inch doorways are provided on three of the
four exit stairwells for floors three (3) through five (5) and are the limiting egress component for the
evacuation.

6.5.4 Summary of Egress Time

Summary of Required Safe Egress Time:

Detection time: ninety-six (96) seconds

Pre-movement time: two hundred and forty (240) seconds

Movement time: one thousand one hundred and forty-seven (1,147) seconds
Safety factor of 25%
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Total required safe egress time for building occupants is 31 minutes. It should be noted, generally the
available safe egress time must be larger than the required safe egress time which is of good engineering
judgement. For the reasons previously discussed, the available safe egress time is 20 minutes as per the
MNBC.

6.6 FDS Results
As will be discussed below, the FDS model was utilized to determine if the tenability limits discussed
previously can be maintained for the minimum duration of 20 minutes per the MNBC.

6.6.1 Smoke Layer Interface
There were two plume types that were investigated to determine the required flow rate of the exhaust
system, axisymmetric and balcony spill. Both plume types are explained in detail below.

6.6.1.1 Axisymmetric Plume
Section 6.2.1 of NFPA 92B was utilized to determine the required exhaust rate of the design fire utilizing
an axisymmetric plume.

An axisymmetric plume (See Figure 61 — Axisymmetric Plume) is defined as a plume that rises above the
fire, and does not come into contact with walls or other obstacles, and is not disrupted or deflected by
airflow. This appeared to be the case for the DCIB, but once the model was completed, it was
determined that the plume came in contact with the 5" floor overhang causing more of a balcony spill
plume situation. (See Figure 62 — Smoke Spill on 4" Floor Ceiling).

Calculations can be seen in Appendix D — Smoke Exhaust Calculations. The required smoke exhaust rate
for this scenario was calculated to be two hundred eighty-nine thousand three hundred and eleven
(289,311) cfm.

.\ Exhaust
Y Fan

:Smp'kg Léyér,' e

\\ AANNANANANNN NS RNANNARR N

3
Figure 16.2 Fire in an atrium with an axisymmetric \\\
plume. ’ ‘\\
Figure 61 - Axisymmetric Plume Figure 62 - Smoke Spill on 4th Floor Ceiling

6.7  Balcony Spill Plume

Section 6.2.2 of NFPA 92B was utilized to determine the required exhaust rate of the design fire utilizing
a balcony spill plume. A balcony spill plume (See Figure 63 — Balcony Spill Plume) is defined as a
smoke plume that originates from a compartment fire, flows out the doorway, flows under a balcony and
flows upward after passing the balcony edge. The fire scenario modeled aligns more with a balcony spill
plume than any other plumes listed in NFPA 92.
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Calculations can be seen in Appendix D — Smoke Exhaust Calculations. The required smoke exhaust rate
for this scenario was three hundred thirty-seven thousand six hundred and seventy-four (337,674) cfm.

Section View

Figure 63 - Balcony Spill Plume Figure 64 - Fifth Floor Overhang (View from Second Floor)

The first scenario that was modeled utilizing Pyrosim was utilizing the axisymmetric plume exhaust rate.
See Figure 64 — Fifth Floor Overhang for location of design fire.

6.8  Axisymmetric Plume Visibility

The mechanical smoke control exhaust system must maintain the smoke optical density of 0.5 m/1 at a
location six (6)-feet above the fifth-floor walking surface for a minimum duration of twenty (20) minutes.
Figure 65 — Soot Optical Density Axisymmetric indicates a failure of the visual tenability limit at 279
seconds. The visibility at 279 seconds will cause incapacitation of the building occupants on the fifth-
floor which is a failure of the performance based design.
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Figure 65 - Soot Optical Density Axisymmetric
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6.8.1 Axisymmetric Plume Temperature

Additionally, the exhaust system must maintain the temperature at a location six (6)-feet above the fifth-
floor walking surface at a temperature less than one hundred and ninety-five (195) °F for a minimum
Figure 66 — Temperature Tenability Axisymmetric indicates the
highest temperature of this design fire is one hundred and twenty-five (125) °F which is below the
tenability limits. Utilizing the axisymmetric fire plume exhaust rate, the temperature will not reach a
point which will cause incapacitation of building occupants.

duration of twenty (20) minutes.
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Figure 66 - Temperature Tenability Axisymmetric

Once the model was completed and reviewed, one could see that a higher exhaust rate is required due to a
portion of the fire plume spilling along the ceiling of the fourth-floor. The resulting spill requires a
balcony spill plume exhaust rate in lieu of the axisymmetric.

The same design fire was modeled utilizing the balcony spill plume exhaust rate. The balcony spill
exhaust rate was roughly fifteen (15)-percent more than that of axisymmetric. The results of the higher
exhaust rate are outlined below.
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6.9  Balcony Spill Plume Scenario
Due to the axisymmetric plume exhaust rate resulting in a failure for the visibility tenability requirements,
a second scenario utilizing the same design fire was modeled using a balcony spill plume exhaust rate.

6.9.1 Balcony Spill Plume Visibility

The mechanical smoke control exhaust system must maintain the smoke optical density of 0.5 m/1 at a
location six (6)-feet above the fifth-floor walking surface for a minimum duration of twenty (20) minutes.
Figure 67 — Soot Optical Density Balcony Spill indicates the minimum visibility limit is maintained for
the 20-minute duration, as required by the MNBC. Utilizing the balcony spill fire plume exhaust rate, the
visibility will not reach a point which will cause incapacitation of building occupants.
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Figure 67 - Soot Optical Density Balcony Spill
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6.9.2 Balcony Spill Plume Temperature

Additionally, the exhaust system must maintain the temperature at a location six (6)-feet above the fifth-
floor walking surface at a temperature less than one hundred and ninety-five (195) °F for a minimum
duration of twenty (20) minutes. Figure 68 — Temperature Tenability Axisymmetric indicates the
highest temperature of this design fire is one hundred and twenty-five (125) °F which is below the
tenability limits. Utilizing the balcony spill fire plume exhaust rate, the temperature will not reach a point
which will cause incapacitation of a building occupant.
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Figure 68 - Temperature Tenability Balcony Spill Plume
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7.0 CONCLUSION AND RECOMMENDATIONS

The DCIB is a fully sprinkled and alarmed separated mixed-use office building. The building has a five
(5)-story atrium with an automatic smoke control system capable of exhausting three hundred and thirty-
eight thousand (338,000) cfm for a minimum duration of twenty-minutes. Additionally, the make-up air
system takes up sixteen hundred (1,600) sqg. ft. of real estate on the first-floor and can provide a supply
rate of three hundred and twenty-one thousand (321,000) cfm.

7.1  Prescriptive Analysis

As discussed in Section 2 — Life Safety Analysis, the building does not meet many of the prescriptive
codes as it relates to egress. One should recommend the new tenant or building owner fix all the
discrepancies listed below;

e Add additional door to R&D Room 137.

e Add additional door to Conference Room 358.

e Add additional door to Conference Room 359.

e Add additional door to Conference Room 437.

e Add additional door to Conference Room 438.

e Open Stairway 159 to the first floor.

e Provide an additional sixty-one (61)-inches of door width and forty-six (46)-inches of stairway
width to the second-floor.

e Provide an additional one hundred and twenty-five (125)-inches of door width and two hundred
and two (202)-inches of stairway width to the third-floor.

e Provide an additional seventy-three (73)-inches of door width and one hundred and twenty-four
(124)-inches of stairway width to the fourth-floor.

e Provide an additional one hundred and eighteen (118)-inches of door width and one hundred and
ninety-one (191)-inches of stairway width to the fifth-floor.

The discrepancies to add additional doors and stairways for floors two (2) through five (5) have
substantial cost associated with them.

7.2 Performance Based Analysis

The performance based analysis showed tenability limits can be maintained throughout the atrium for a
minimum duration of twenty (20) minutes as required by the MNBC. Additional design fires should be
modeled to indicate the exhaust system can maintain the tenability limits of other potential fires in the
atrium. Additionally, the model should be ran for one and a half (1.5) times the required safe egress time,
or forty-seven (47) minutes to ensure all occupants can evacuate safely from the building.
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APPENDIX A — LIFE SAFETY ANALYSIS

California Polytechnic State University Bryan Hathaway



6.5 7 7.5 8 9 9.5 10 11

A\ : ] : ] : ] P ] P ] I ]
() N L [ [ I
. H—=—-- OFFICE
Y 120 |
OFFICE BREAK ROOM [120 ]
[117 ]
® - OFFICE
o | 119 |
(8) LOBBY 3 ‘ L‘ ® 8
101 ’ SECURITY OFFICE ° FFICE
® ; S
O
) ,, =
. ATRIUM <& BREAK ROOM
85 >3 113 OPEN OFFICE -
o & ‘ . CONFERENCE ROOM
/@2/ 123
// v, / /
1 < T4
. i a5 Y
4 o //// 7 //
e //// R >
AIRW Y o - o~ 7 / '\» — BATHROO é‘ 1T
157 o ® \ ) 128
/n\ i o /E
\"/ \:
{1
LOBBY

IT OFFICE

OFFICE

- : ' OFFICE N r SIT1S O OO0 O OCCUPANT CLASSIFICATION
NOMENS'ROQM =

— =~ J ﬁ RN S-1 MODERATE
‘ o ' [ TE] HAZARD STORAGE

T STORAGE

- [106 |-

I

IOVdS MHOM LI

TTT

BUSINESS AREAS

| \ - O |
“ OFFICE|
/ | PLANNING E
\,,Jr'__' , DIAGNOSTIC LAB
-

IDONF%M%%BO M —
IEECH S ™ oy o]
[T Y

F-1 FACTORY INDUSTRIAL
MODERATE HAZARD

T
\ES5)

~,
e
m

S () |
\‘/ \m/
zZ
()]
Py
(@)
(@)
I
o
w
Va
wn
—
L] =
‘/U\

FIRE RESISTIVE CONSTRUCTION

(F )= . (1] / M1 ] [ E— 1 - g —(F) —0 ¢ ¢ 1 HR FIRE BARRIER
< 40—00—04- 2 HR FIRE BARRIER
= COMFORT

el ]
; |

o = 5 1

<E> . e\ 50

[ ] 0
ME ROOM
R&D L
. a
(o) [ O = T m m i 4
"::
< -
OFFICE “ [
- = 14 G
G5 ] 0 &
] S— FIRST-FLOOR
< AN Sipliea P A
VTR ]
~—/ FICE OFFICE EE ROOI\? 2 OFFICE a4 B \— O C C U N CY
148 [ 147 | 143
OFFICE OFFICE COMFORT
/)
) 149 =1 e 142 o {J
1 OPEN OFFICE =
: A = 145 —aC- OB
WOoM MENS b
P 4 —] [ [ ) /f \
- 1 5 - - ‘ iﬂ j % SI-Q—R___'_!H
< O - DNfH ]
(15) i -G OB (18
LAB c LAB —

() @) @ @ i G

(K.5) /

O 7\

=/ =/

1 1

Ho
ho
ki
1S
ki

K
o
(o))

0

q
0"
&k
q
&
q
(&)
Nk
(B
e
45
e
{3
q




1

iz] =) B B 3| A 3|
::0
NFERENGE
O 202 3
S,
K2
2 ONFEREN
i IT/TELE
il 223
ONFEREN
04 a8 8
221
9 E @
2 g
o STARWAY
4(;NA LOBBY EZL;)C 58]
201 8-
s nr) A
— &
=SS LAC
TAIRA 219 ANITO WOMEN
[ 247 IT = 224 225
—H
I
COATS
NFERE 217
214
ELECTRIC NFERE
STORAGE 213 215
212 @ ONFEREN a1
216
CONFERENCE CATERING
206
: ME
I FERENCE 21
CONFERE NEER CE [a]o)s)
08 —
207 o 06 %
OPEN OFFICE
i 245
] a
] [11] O (1] 1]
BEDIDING LAB AND INDUSTRIAL DEYIGN
i o 244 o
W BREAK TELE} ELEC
2 230 229 228
© M MTSTIAT VAY
232 2491
m [11] r1] -
cqNFERE MEN OMEN i | [~
SOOI OESED
241 242 243
C@NFERE _ _ NFERENCE
240 0 0 W;}j 233
o & m 555
CANFERENCE
234
E
1]
uP C
o o O

1

OCCUPANT CLASSIFICATION

S-1 MODERATE
% HAZARD STORAGE

B -- BUSINESS

- A-3 -- ASSEMBLY GROUP

FIRE RESISTIVE CONSTRUCTION

4 ¢ ¢ 1 HR FIRE BARRIER
40—00—0¢- 2 HR FIRE BARRIER

25"

a
QJI__

SECOND-FLOOR
OCCUPANCY

CLASSIFICATION



2 3 5 6 8 9 10 1
fou o o
|
E 8 = | 8 H a a8 a
OFFICE
322
OFFICE
321 1] B
o ENCE CONFERENCE  CONFERENCE CONFERENCE
Q 7319 ] 323 325 327
319 317
QQ§O$ NFERE CPNFERENCE CONFERENCE  CAINFERENEE
OQ§<>’ 320 318 324 32
oo Ollo © a O =]
cANFERENCE
MENS
[314 ]
cANFERENCE
S Y
u i1 ] (m] m .
TAIRWAY AN
: 355
LOBBY EZIIS
301 =
- NFERENCE  CIPNFEREN
IT/TELE.
f 5328 330
o CUNFERENECE 331
329
AN.
30
(o] o
CONFERENCE ok IT/TELE.
o [310 |
303 '?0? 307 IGITAL CONTEN
CONFERENG = 5 309 EDITING [[coa
304 ONFERENCE 312 OPEN OFFICE
305 353
CONFERENCE  CONFERENRE
[334 ] 332
CANFERENEE  CANFERENEE
333
1] 1] 1] @ 1]
IT FULFILLMENT
336
o1} (m]
m m m ®
a (m] (]
o1} 11] 1]
ST Y &
L
[SS—— CONFEREN IT/TELE
344
RESTROOM
X 336
(11 CONFERENCE ] i~
34 .
[34p | 337
CONFERENC 3E5f
a7
1]
CONFHERENCE | IT LAB SPACE
348 343
ME RO
50
1] a
CONFERENGE
349
2 3 5 6 8 9 10 1

OCCUPANT CLASSIFICATION
% S-1 MODERATE
HAZARD STORAGE

B -- BUSINESS

- A-3 -- ASSEMBLY GROUP

FIRE RESISTIVE CONSTRUCTION

K O - 1 HR FIRE BARRIER
60—

2 HR FIRE BARRIER

25"

a
Q'"__

THIRD-FLOOR
OCCUPANCY

CLASSIFICATION



=] =] =] = | =] [ =] a8 a a — 0 B
OFFICE EQ
422
OFFICE
o 'z
o RENCE CONFERENCE  CONFERENCE CONFERENCE
A§ 423 425 427
419 | [417 ]
Q<<§§ NFERE CONFERENCE CONFERENCE  CANFERENEE
O 420 418 424 22
a (] a8 O a c
CANFERENCE
MENS -
[414 ]
CANFERENCE
[415 ] S v
. S O o o o = D
AIRW] Q! AN
LOBBY 453} r 444
401 —
NFERENCE  CNFEREN
IT/TELE.
g £z 430
- CUNFERENECE 431
429 OCCUPANT CLASSIFICATION
UAN. -
40 7/ S-1 MODERATE
o m : / HAZARD STORAGE
CONFERENCE ; worm IT/TELE.
L 41 B -- BUSINESS
403 LACTY | 207 IGITAL CONTEN
406 409
CONFERENC EDITING [[COA
204 ONFERENCE - 412 OPEN OFFICE -A-3 -- ASSEMBLY GROUP
405 458
. - CONFERENCE CONFERENRE
15
CANFERENEE  CAINFERENKE
435 133 FIRE RESISTIVE CONSTRUCTION
X ¢ ¢ 1 HR FIRE BARRIER
2 HR FIRE BARRIER
a m (1] 11 © ® 11 F
IT FULFILLMENT = J
436 50"
a (m] o
a (1] 1] 11 ®© ® G
a (m] o
o o . CLASSIFICATION
STAIRW/
SEEdidig
CONFEREN IT/TELE uek]
445 449
RESTROOM
439
o CONFERENCE i I J
445 | 440
CONFERENC 4E5E1
447 |
o CONFHRENCE
448 )
ME RO
50
4
1] 8 K
CONFERENGE
457
L




/\Q
A
ng
ATRWA
5431
¢ AN,
50
o
CONFERENCE " l\vOMER jEaLs
; [510 |
LACT Y GITAL CONTEN
- = EDITING [fcoa
=521 JONFERENCE 510
505
m m =
m m =
m m o
CHINFEREN T/TEL
m CONFERENCE
540 -
CONFERENC ;i;
539
o CONFERENCE
538 T
= ME RO
N (S 36
o =]
CONFERENCE
537 ]

444444444

MENS
[ 514 |

CONFEREN
[ 516 |

CONFEREN
[ 515

DPEN OFFICE
(542 |

Y

10

11

8 8 8
o
CONFERENCE CONFERENCE CONF ERENCE
| 518 | 520 | 522 |
CONFERENFE CONFERENLCE
219 5
====§;%L|
AN
523
NFERENCE CIHOINFEREN
% IT/TELE.
CONFERENEE Sleb
227
o
o
o
ST Y Ll
RESTROOM
[ 530 |
JAN,
o531

10

11

OCCUPANT CLASSIFICATION

f S-1 MODERATE
/ HAZARD STORAGE
/

B -- BUSINESS

- A-3 -- ASSEMBLY GROUP

FIRE RESISTIVE CONSTRUCTION
—4 O ¢ 1 HR FIRE BARRIER

40—00— 04 2 HR FIRE BARRIER

n
a

Ul
o
~

FIFTH-FLOOR
OCCUPANCY
CLASSIFICATION



5.5

45 6.5 7 7.5 8 9 9.5 10 11
h \‘N I ] I ] I ] I ] I
o= o OFFICE
&,
< OFFICE
Ly
o OFFICE
® [119 ]
B LOBBY ] B
A @ SECURITY OFFICE FRICE
‘ ° "]j\ODQ 4 %Q/ -111 112 124
éboj;(g O\’O
: S &
ATRIUM & OPEN OFFICE
B5 24 @ B
P -
%«?v CONFERENCE ROO
L/ — OPEN OFFICE 23] o
S
| L .
c P o e ® C
| P ‘ 7
G y / 7
. //y /,
Y
N Y o2 ATRRNES
157 v o
§ o) (o) D
g // \ D
2 777 T '
2/ i — LSS S Sl
IT OFFICE i STAIRWA ////////////// 2SNy v //////////ﬁ////’/
] LSS S S Sl S S
|~1‘8 | //// 2 //// 2 //// 7 //// Z //// Z //// 2 //// 7 ////
//////// /////////////////////
/00 S S Sl S
L] 7/, 7/, 7/, 7/, 7/, 7/ 7/, 7/
— 7/, 7/ 7z, //,/ AP Ss //,/ //,/ 7 //,/ 7 //,/ 7 //,/ /s
/° 7/, g 7/, g 7/, " 7/, g /7 7/ 7/, ", 7/ 7 " 7
/s / /s 7 /s /s /s / DA
Z /// //// / /// 7 ////// ////// /// 7/ / //// ////// /// %
OFFICE s //, 7 /,/ //,/ 7 //, 7 //,/ /Y, 130 /,/ / //,/ / //,/ / //,/
NS ROO //c// 9, S //// Z //// 7 //// 77/, //// 7 //// Z //// 7
D.7 s ’////////////////////////////////////////’/
. :| //// 9 //// " //// 9 //// " //// " //// g //// " ////
E R / ] % //,/// //,/// //,/// //,/// //,/// //,/// //,/// 7
g ©) @ RO MOFFICE = | /////////////////////////////////////////////////////
N 7 7/ 7 7 7/ 7 7/ 7
m ; ~_ / OO0 ’////////,’////////,////////////////////////,///////////////////// -
1 % G i
E § /////// F
— g ol
0O \ //,/ ///
m i) OFFICE 7
7 PLANNING S
DIAGNOSTIC LAB S
G
133 0/
7/, //
/7,
’// " /7
7/, 7/
Il i 1T 11 11 SIS in
= L] "l a1 80 =& / g
s ' —
(F e — =] S— :
CP: 96' |250'
COMFORT
D:D
F5 . K?
o
2 - DOOR 2
R&D .
: O i ] m; 170 )| 4
CP: 0" [145' 13729
‘ 2 34"
— / ||
OFFICE \ [
. O ’h‘ .
J N STAHY
{1160
§ FICE OFFICE ] OFFICE g ] H
148 | [ 147 |
OFFICE OFFICE COMFORT
J m - L] [142 ] ® el
7 OPEN OFFICE — L]
HHC
WOMENS || MENS —AC OB
151 ¢ N E STAIR
— ) ) . 1
Y N
15 i =0 O e —T:
LAB E LAB
170
170
32"
34" .
K ® ® ® K
K.5
L
170
170
i E 32"
LA 34" DOOR 3 ﬁ
\b [15 [2] [25] 3 4 DOOR4 5 | [55] 6 @ i [g] Q @ 95 10

OCCUPANT LOAD LEGEND

ASSEMBLY WITHOUT

FIXED SEATS 1 PERSON /15 SF NET

BUSINESS AREAS 1 PERSON / 100 SF GROSS

ACCESSORY STORAGE

1 PERSON / 300 SF GROSS
AREAS

INDUSTRIAL AREA 1 PERSON / 100 SF GROSS

EGRESS PATH

® | CP:25'| 50' | / EGRESS
| cP ’\\ q PATH
COMMON PATH
TRAVEL TERMINATION EXIT DOOR
DISTANCE POINT
COMMON PATH
OF TRAVEL
DEAD END CORRIDOR
TERMINATION OF
° 10" | | DEAD END CORRIDOR
DEAD END DISTANCE
DOOR EGRESS TAG STAIR EGRESS TAG
OCCUPANTS SERVED 132
EXIT 180
REQUIRED WIDTH 44"
PROVIDED WIDTH 54"

FIRE RESISTIVE CONSTRUCTION
\ o 1 HR FIRE BARRIER

40—460— 04 2 HR FIRE BARRIER

25"

a
QJI__

N

FIRST-FLOOR
OCCUPANT
CLASSIFICATION



10

11

10

(] (] o v} o] 1] o] o]
= B H H H ¥ L ¥
{0
E
QO s H
&3 STAIRWAY 2
QO v
%
(214
(340 A H H B¢
32" A 221
: 68" en?
321 STAIRWAY 5 710
200 e L STAIRWAY
44" LOBBY Zyi580
60" 201 8
. m m m UP, EH—@
: 320 LAC STAIRWAY 1
- 209. WOMEN
gt gg" IT 224 T2 225
218 ( 170\
=|E 1700
< (32") (=
=
L2 R
D 0N v b&g\s\
\cgg" ~CTRIC - % )
N — q)
213 ; Q/
\_
@ m = | E—
CATERIN
- ME
211
CE = [e)e)o)
OPEN OFFICE
245 ol F)
1] [m §
CP: 0' 215’
11 O 1) e} o
(T STAIRWAY 3
(470)
.
o BEDIPING LAB AND INDUSTRIAL DES|GN (34") a
244 >
Ol 7
2 oy
2
@ M / // DN Hl‘ l‘
232 T2
n1] s 1] H
C up
MEN e elo e as o OVEN i ' 11
2472 243 —
c CE
= o ;
STAIRWAY 4 H i .
c E
3 o E
c
; = | a8 2] 3| = | K
1700
a0
34
N AL
0 0 0 0 L

11

OCCUPANT LOAD LEGEND

1 PERSON /15 SF NET

ASSEMBLY WITHOUT
FIXED SEATS

BUSINESS AREAS 1 PERSON /100 SF GROSS

ACCESSORY STORAGE| 1 PERSON / 300 SF GROSS
AREAS

EGRESS PATH

® | CP:25'| 50' | / EGRESS
‘ cp"'\L q PATH
COMMON PATH
TRAVEL TERMINATION EXIT DOOR
DISTANCE POINT
COMMON PATH
OF TRAVEL
DEAD END CORRIDOR
TERMINATION OF
° 10 | DEAD END CORRIDOR
ha DEAD END DISTANCE
DOOR EGRESS TAG STAIR EGRESS TAG
OCCUPANTS SERVED 132
EXIT 180
REQUIRED WIDTH 44"
PROVIDED WIDTH 54"

FIRE RESISTIVE CONSTRUCTION

—4 O ¢ 1 HR FIRE BARRIER
40—

2 HR FIRE BARRIER

[$)]
QJL_

25"

N

SECOND-FLOOR
OCCUPANT
CLASSIFICATION



CO

1

Q? =] = ] = ] = ] = ] =] a a
OFFICE
322 W
OFFICE
321 1]
o E CONFERENCE  CONFERENCE CONFERENCE
g\ STAIRWAY 2
S D
K2
Q;(/
OOOI]® ® a O a O
C E
MENS
[314 ] .
C E
Y
200 @ o 0 o T T
200
T 44"
60"
LOBBY
STAIRWAY 1
)
AN. é
30
11
o WOMEN
LACT
(506 ] o [307 IGITAL CONTEN
=i 309 EDITING
=E ) COA
E 312 OPEN OFFICE
353
CONFERENCE  CONFERENRE
C
() m
IT FULFILLMENT
336

CONFE

CON

CONF

STAIRWAY 4

IT LAB SPACE
343

424
170
32"
34"

STAIRWAY 3

STAIRWA i

RESTROOM
336

JAN.
337

1

OCCUPANT LOAD LEGEND

ASSEMBLY WITHOUT
FIXED SEATS

1 PERSON /15 SF NET

BUSINESS AREAS

1 PERSON /100 SF GROSS

ACCESSORY STORAGE
AREAS

1 PERSON /300 SF GROSS

EGRESS PATH

EGRESS

@ CP:25' 50'|

TRAVEL
DISTANCE

COMMON PATH
OF TRAVEL

DEAD END CORRIDOR

( >
cP PATH
AN COMMON PATH \

TERMINATION
POINT

EXIT DOOR

TERMINATION OF

— o

| DEAD END CORRIDOR

A4 |
N DEAD END DISTANCE

DOOR EGRESS TAG

EXIT
REQUIRED WIDTH
PROVIDED WIDTH

FIRE RESISTIVE CONSTRUCTION

4 ¢
H—H—

STAIR EGRESS TAG

OCCUPANTS SERVED

132
180
44"
54"

1 HR FIRE BARRIER
2 HR FIRE BARRIER

Nel

25"

I
Q

N

THIRD-FLOOR

OCCUPANT

CLASSIFICATION




11

= | = | = | 8 H =] a a
In
OFFICE i
422
OFFICE
(1]
E CONFERENCE _ CO ENCE
<O STAIRWAY 2
SN
K29
Q§<>’
44444 a O O
C E
MENS
[[414 ]
C E
Y
1= 1] O (m] 1]
200
A_200
] 44" &
LOBBY 60"
7 STAIRWAY 1
% 429
1]
. | WOMEN
LACT | /
" IGITAL CONTENT
206 -
EDITING
co =
E OPEN OFFICE
458
/l_fl CONFERENCE CONFERENERE
C
1] [11] 1]
IT FULFILLMENT
Z 436
o1 (m]
n CP. 0 J264
o | O STAIRWAY 3
@ 337 J F
C 34"
RESTROOM
439
(11 CONFE
JAN.
4
440
CON STAIRWAY 4
@ CONF
4
(1] a

1

OCCUPANT LOAD LEGEND

ASSEMBLY WITHOUT
- FIXED SEATS 1 PERSON / 15 SF NET

BUSINESS AREAS 1 PERSON /100 SF GROSS

ACCESSORY STORAGE| 1 PERSON / 300 SF GROSS
AREAS

EGRESS PATH

CP:25' 50' | / EGRESS
> o0 P P\ Eamr
COMMON PATH
TRAVEL TERMINATION EXIT DOOR
DISTANCE POINT
COMMON PATH
OF TRAVEL

DEAD END CORRIDOR

TERMINATION OF
| DEAD END CORRIDOR

e DEAD END DISTANCE

o 10'

DOOR EGRESS TAG STAIR EGRESS TAG
OCCUPANTS SERVED —— 132
EXIT 180
REQUIRED WIDTH 44"
PROVIDED WIDTH 54"

FIRE RESISTIVE CONSTRUCTION

—4—49—49— 1HRFIREBARRIER
40—

2 HR FIRE BARRIER

25"

[$))
QJL_

N

FOURTH-FLOOR
OCCUPANT
CLASSIFICATION



10

LacTf
-
cOo =B

o
m
C
o CONFE
5
CONF
o CONF
5
(11 = |

cO

GITAL CONTEN

A 0 | B B
11
CONFERENCE CONFERENCE CONFERENCE
STAIRWAY 2
—— ! I A O a8
MENS -
E
@ O m m e
200
A 200
d 44" %
36% STAIRWAY 1
nl
527
1] 11] 11 1]
EDITING |lcOA
512 OPEN OFFICE
1] 11] 11 1]
1] 1] 11] 11 1]
STAIRWAY 3
m B | m
ST
RESTROOM
JAN,
531
STAIRWAY 4

11

10

11

=

OCCUPANT LOAD LEGEND

1 PERSON /15 SF NET

ASSEMBLY WITHOUT
FIXED SEATS

BUSINESS AREAS 1 PERSON / 100 SF GROSS

ACCESSORY STORAGE| 1 PERSON / 300 SF GROSS
AREAS

EGRESS PATH

® | CP:25' 50'| / EGRESS
| P P, parh
COMMON PATH
TRAVEL TERMINATION EXIT DOOR
DISTANCE POINT
COMMON PATH
OF TRAVEL
DEAD END CORRIDOR
TERMINATION OF
° ELE | DEAD END CORRIDOR
N DEAD END DISTANCE
DOOR EGRESS TAG STAIR EGRESS TAG
OCCUPANTS SERVED 132
EXIT 180
REQUIRED WIDTH 44"
PROVIDED WIDTH 54"

FIRE RESISTIVE CONSTRUCTION

— & O— 1 HR FIRE BARRIER
2 HR FIRE BARRIER

a
QJI__

25"

N

FIFTH-FLOOR
OCCUPANT
CLASSIFICATION



Fire Protection Analysis

APPENDIX B - FIRE SUPPRESSION ANALYSIS

California Polytechnic State University Bryan Hathaway



FIRE SUPPRESSION LEGEND

FIRE SUPPRESSION DESIGN CRITERIA

FIRE PROTECTION SPRINKLER SYSTEM DESIGN CRITERIA

% OUTSIDE SCREW AND YOKE 1. THE FIRE SUPPRESSION SYSTEM WILL BE SERVED REMOTE | MAXIMUM AREA |HOSE SPRINKLER CHARACTERISTICS
VALVE (0589 FROU THE DOUESTIC SYSTEM A UNDEGROLND
TYPE GPM/SF | SQFT SQFT GPM RATING ]
><] VALVE ROUTED TO FEED THE FIRE PUMPS. TYPE K-FACTOR | FINISH NOTES
_ NO HATCH LIGHT HAZARD WET 0.10 1500 225 100 ORDINARY QUICK RESPONSE 56 OR8.0 |WHITE |1,2
~ ANGLE VALVE HYDRANT FLOW TEST: SEMI-RECESSED
o [s)ﬁ% c gg §/§|015 ‘ | LIGHT HAZARD PRE- 0.10 1500 225 100 ORDINARY QUICK RESPONSE 56 0R8.0 |WHITE |24
SEMI-RECESSED
L ALARM CHECK VALVE SESIDUAL 81 PSl | | ACTION
~J CHECK VALVE FLOW 1437 GPM ORDINARY HAZARD DRY 0.20 1500 130 250 175 BRASS UPRIGHT 560R80 |BRASS
2. HYDRAULIC CALCULATIONS INCLUDE A 5 PSI SAFETY GROUP I
[i S L BSE\?IE_ETCOHIECK BACKFLOW FACTOR, WHICHEVER IS GREATER. X TRA HAZARD WET 0,40 2500 100 500 e BRASS UPRIGHT 110 BRASS
3. HYDRAULIC CALCULATIONS SHALL INCORPORATE A GROUP I
FIRE DEPARTMENT 500 GPM HOSE STREAM ALLOWANCE. NOTE 1: PROVIDE 200 DEGREE F° RATED SPRINKLERS IN MECHANICAL AND COMMUNICATION ROOMS.
% CONNECTION NOTE 2: WHERE CEILINGS ARE NOT PROVIDED USE BRASS UPRIGHT HEADS.
4.  ALL COMPONENTS AND ASSEMBLIES USED IN THIS NOTE 3: WHERE CEILINGS ARE PRESENT USE WHITE QUICK RESPONSE SEMI-RECESSED HEADS.
AUTOMATIC DRAIN VALVE FIRE PROTECTION SYSTEM WILL BE SPECIFICALLY UL NOTE 4: PROVIDE DOUBLE INTERLOCK PRE-ACTION SYSTEM IN IT RELATED ROOMS
RN LISTED / FM APPROVED FOR THEIR INTENDED USE.
PRESSURE GAUGE 5. FIRE WATER PIPING USED ON THIS PROJECT WILL BE
SCHEDULE 40 BLACK STEEL. PIPING MATERIAL PRIOR
TO THE BACKFLOW PREVENTER WILL BE DUCTILE
@ SIGHT GLASS IRON.
TO DRY PIPE
TO PREACTION
ke PRESSURE SWITCH TO WET ALARM SYSTEM SYSTEM
FIRE SUPPRESSION GENERAL NOTES SYSTEM _AUTOMATIC AIR VENT PRESSURE FROM AIR HIGH / LOW AIR
} FLOW SWITCH LOCATED AT HIGH SWITCH MAINTENANCE PRESSURE SWITCH
POINT IN SYSTEM. DEVICE
PROVIDE ALL NECESSARY COMPONENTS FOR A INSPECTORS
WET-PIPE SYSTEM, DRY-PIPE SYSTEM, AND TEST CROM AR WATER ELOW
PRE-ACTION SYSTEM WHERE INDICATED ON THE
% AUTOMATIC AIR RELEASE VALVE MAINTENANCE PRESSURE SWITCH
DRAWINGS.
PRESSURE | DEVICE
RELEF | N (¢
THE FIRE WATER SUPPLY FOR THE FIRE =l
E§ FLOWTEST HEADER SUPPRESSION SYSTEMS SHALL BE VIA FIRE PUMP VALVE :_/ ; N =
FED FROM THE DOMESTIC WATER SYSTEM. MAINDRAINMMt~ _ _ _ _ _ [ _____ 1! MAIN DRAIN | v 2
< I = | — =
& DRY VALVE FINAL DESIGN REQUIREMENTS (DEVICE QUANTITY, | | '_” 2 , =
SIZE, AND LOCATIONS) WERE NOT COMPLETED FOR L_ §> | = | =
THIS EXERCISE. , n | N = il R ®
S PREACTION VALVE L A : | "= '
ALL VALVES INCLUDING CONTROL AND TRIM VALVES MAIN DR AINf T U D ® |
7 DRIP CUP WILL BE WITHIN 6'-0" AFF. ' §> | ~
- | [ DRAIN TO
INSTALL FIRE PROTECTION PIPE HANGERS PER THE A i EXTERIOR FROM HEADER
|| FLANGED CONNECTION FOLLOWING LIMITATIONS:
DRAIN TO FROM HEADER DRAIN TO
— PIPE CONTINUATION A) THE SINGLE POINT DEAD LOAD APPLIED TO EXTERIOR EXTERIOR FROM HEADER
ANY STRUCTURALLY MEMBER WILL NOT EXCEED gggEéEIBNJERll?SLSRCK
300 LBS. PROVIDE TRAPEZE HANGERS TO -
WET RISER DETAIL
DISTRIBUTE THE LOAD BETWEEN STRUCTURAL (30 ELECTRIC 40 DRY PIPE VALVE DETAIL 5
FIRE SUPPRESSION SYSTEM MEMBERS WHERE A SINGLE HANGER EXCEEDS THE N __/ N
LIMITATIONS.
® WET SYSTEM B) SWAY BRACES FOR PIPING LATERAL LOADS WILL
NOT BE ATTACHED TO ROOF JOIST BOTTOM
O DRY SYSTEM CHORDS. BRACE LOADS (WORKING STRESS) WILL BE
LIMITED TO THE FOLLOWING:
PREACTION SYSTEM
500 LBS. WHEN ATTACHED TO JOIST TOP
CHORD.
500 LBS. WHEN ATTACHED TO FLOOR SLAB.
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N = = = = =
L Ll L L Ll
o 0 t 0 0 t
An & R 3 2 K 5 R R AN b > > > > >
= = = = = = = = = = = z z z z z
= = = = = = = = = = - @) ) @) o o
: : ¢ : ¢ ¢ : ¢ : ¢ ¢ 5 : 5 : :
n n (7)) n (7)) (7)) n (7)) (7)) n (7p) < < < < <
— — — — — — — — — — > Ll Ul Ll m ul
Ll Ll Ll Ll LLl Ll Ll Ll Ll Ll o o’ 4 o’ I I
= = < = < < = < < < a o o o o o
ks o o o o o o o o o o o o o o o o
= = = = = = = = = = = = = = = =
EXTERIOR WALL\
D<t— (
> )
u ® e e e e e e e o o O
PIREES S
‘ N R CRE S . IR CHEN CREN: CRNN: CHE RN
) @(S)I o I(S)@
AR
% COMPRESSOR
=
SPLASH BLOCK/ \FLANGED \—AUXILIARY DRAIN

CONNECTION

VALVE

FIRE SUPPRESSION
RISER ONE-LINE

10
_/



6.5 7 7.5 8 9 9.5 10 11

\ E l-l ] E l-l l-l l-l ] X
- 0 = [ OFFICE
< OFFICE BREAK ROOM
117 5
® C OFFICE
®
LOBBY 3 : /L. .sl\ B|
’ SECURITY OFFICE : FFICE
° . , N
o
0 ATRIUM 5 PRESCROOM OPEN OFFICE
<& o
° , [113 ] o B.
\ : CONFERENCE ROOM
% OPEN OFFICE JAN. ELECT.
123
/ \ /
N + 0 ® ® Remote Area #1 |
& 3 FIRE PROTECTION SPRINKLER SYSTEM DESIGN CRITERIA
\ A o [ BATHROOM || STAIRW
\ S T P 128 B MARK HAZARD CLASSIFICATION | SYSTEM
® ® : : A b TYPE
) D.
STORAGE
IT OFFICE STORAGE —— . STORAGE NO HATCH LIGHT HAZARD WET
E D I LIGHT HAZARD PRE-
il . . \ ARTRESS\FA DA ACTION
E-AGTION OFFICE 2:800\5 0
TEM . ~\ )
s E-TAEMTlo NS ROO e o o \\ ORDINARY HAZARD DRY
i N N7 " :/ SO [5¥ankn: GROUP 2
o S 0 ROQMm OFFICE < s . g mﬁ <
= — ~ P \ EXTRA HAZARD WET
' | R Tk GROUP 2
NS | : \ o @ / NSt H N
\\7 // A\, I ORA
| ‘ OFFICE|
y ) PLANNING
\\Jf'__' (134 DIAGNOSTIC LAB 131
— A
_ . I T pg| Mk i
WET SYSTEM #1 \ b SYDEM
1
\\\
(7 el m 0 o o 1 B r 1 N 8
' 1
i N
COMFORT
]
WET SYSTEM #2
| OADI ‘ . ]
n 41 2 50
[ ] o
ME ROOM
R&D &
3
| O a a O : dq N
il '? ||
OFFICE [
. o FIRST-FLOOR FIRE
l -“// !\\Jﬁl .‘// 1\\‘. .
\2 e 60 ]
FICE OFFICE £ oo £l OFFICE ol 4 \
148 | [ 147 ] J
{ \ /
) lllr.l ﬁl
. AN
OFFICE : OFFICE COMFORT
5] ~ [144 ] [142 ] o |
1 = 1 OPEN OFFICE =T ,
‘ ) = <Of
womens | [[wens” i |
s ‘ , ‘ R E STAIR
HEC O i Gy
STORAGE ¥ o :
LAB . LAB ’
TORAGE
_\.‘ - :./.(:
® ® ' ® ® ® . /K
STORAGE
: L
ocated bolow WET-SYSTEM
) 5] | | 5] DIVIDE 7] 7 2] (g | 008 5] |
Storage156|n ‘ = = &S ~ J &3] =~ % = = 2 <% ")
Basement




1

FIRE PROTECTION SPRINKLER SYSTEM DESIGN CRITERIA

GROUP 2

MARK HAZARD CLASSIFICATION | SYSTEM
TYPE
NO HATCH | LIGHT HAZARD WET
B
| LIGHT HAZARD PRE-
| ACTION
| \
| | ORDINARY HAZARD DRY
B & GROUP 2
EXTRA HAZARD WET

25"

(o))
Q_"__

"‘ N
7 ° SECOND-FLOOR

PLAN

DIVIDE

= (v ] ] v ] v ] ] ] 1]
iz) B = = = [ =]
NFERENGE
0 7 202 =
%
S
<& ONFERENC
203 % IT/TELE
223
ONFEREN
2 = H
221
ENa
2o | ST A\
)
4gNA LOBBY 2L2%C 5%
201 "
A & m o N
= STORAG
== " ANITO = MEN
26
. 224 225
BOARD ROOM I COATS
205 ONFERE 217
214
ELECTRIC NFERE
STORAGE 213 215
212 o) ONFEREN o
216
CONFERENCE CATERING
206 N
i 21
SONFERE FERENCE CE - o000
08 s
207 o 566 =E %
OPEN OFFICE
I-m WET SYSTEM #3 245 WET SYSTEM #4
] 1]
i 1] (] 1] A
BEDIPING LAB AND INDUSTRIAL DEJ|GN
[y o 244 u— /~‘
BREAK TIFELE) ELEC
230 2559 228
— NN
STA RW -_\1'
232 24911
leg . o o (rs] -
cANFERE MEN OMEN i m”
a2 [Olololv] [lolololo) 543
C@NFERE ONFERENCE
240 233 ]
o n m m
C(INFERE E
BREAK 234
239
i)
STORAGE S
238 =
a8 8 H 2|
0 0 0
1 a 8 9 10
WET-SYSTEM

1

FIRE SUPPRESSION




1

] (] 1 A
|
: |
% a a 4: | a =] ’ a a a —8)
4 OFFICE h
/ 322
OFFICE
o = |
. RENCE CONFERENCE , CONFERENCE ___ CONFERENCE
Q : 327
319 317 :
Q@§ NFERE NFERE CONFERENCE  C@NFERENECE W
4 O 320 318 : 324 326
& GEoxG] § CHS) a :0 a8 O — J—TT— —©)
% CANFERENCE :
V4 MENS
V4 m— :
//{,/ CQANFERENCE
& [315 ] :
= ' @ ED o (= B FIRE PROTECTION SPRINKLER SYSTEM DESIGN CRITERIA
STORAG :
AIRWAY. 313 1| o
LOBBY 354 W ) IEES MARK HAZARD CLASSIFICATION | SYSTEM
301 ! /\ E TYPE
19 DNFERENCE ~ CINFERENdE. FeeASTIONG
CONFERENCE R e ‘?Frjféﬁ NO HATCH | LIGHT HAZARD WET
302 — ‘| . __ CYNFERENECE KSR Y
| LIGHT HAZARD PRE-
JAN. | ACTION
| = - | |
o = —>_ 0 - : : | | ORDINARY HAZARD DRY
CONFERENCE o WOMENS = l&@%@ﬂj\ GROUP 2
LACT %10
307 o | BIGITAL CONTENT
- = — EXTRA HAZARD WET
= o) EDITING [coA : GROUP 2
— [311] J312 OPEN OFFICE
WET SYSTEM #5 : 353 WET SYSTEM #6
; . __CONFERENCE _ CONFERENEE
334 332
CANFERENEE  CAINFERENEE
335 333
a m o o @ ® o : n——  F )
. IT FULFILLMENT |
336 25 ul
3 (m] [(u]
CONFERENCE
ﬂ ﬂ ﬂ m @ @ 359 C G N
a (m] [(u]
SUPPRESSION
2 o . - PLAN
r Il ANUEAN
CPNFERENG o nl ['1&5&% |
= | N
| o CONFERENCE = | ]
[34p |
CONFERENCE N -
[ 347
{ PRE-ACTION.
L SXSTEM#3
1 o CONFHRENCE P | T LABSPACE CONFERENCE CONFERENCE CONFERENCE CONFERENCE
N BNEEN 342 340 339
’ ¥i ‘
L = a NNNNN S N - K
I CONFERENGE
I 349
m_ =]
|
|
m__m _m 1
WET-SYSTEM
DIVIDE
1 3 4 5 6 @ 9 10 11



3 4 5 7 8 @ 11
|il 11| A
2
% H =] g g =] 8 8 8 — 8 (8
OFFICE &
422 ]
OFFICE
o
FIRE PROTECTION SPRINKLER SYSTEM DESIGN CRITERIA
o ENCE CONFERENCE  CONFERENCE CONFERENCE
A 217 423 425 427
L NFERE NFEReNEE cAnFERENCE. cdnFereNEE MARK HAZARD CLASSIFICATION | SYSTEM
O, TYPE
ng 420 418 424 426
<<<<<<<<<<<< a (m] =] I - tE——
£ c@NFERENCE | NO HATCH LIGHT HAZARD WET
V4 MENS -
|
cdANFERENEE ] ) LIGHT HAZARD KEEION
L a o m D ORY
STORAG 828[[)\1§§Y HAZARD
TAIRWAY- 413 0l AN
LOBBY 453 STORAGE orader 2 EXTRA HAZARD WET
442 443 GROUP 2
NFERENCE  CNFERENCE Rrecro
CONFERENCE ol Gz (a30] | \/ELE
402 — iz CANFERENDE NEERY
429
JAN.
40 - J|
- ° o E 50
CONFERENCE : ok |];£g&z§(\|
P S 4
403 Lﬁg . | [407 IGITAL CONTEN NEGISEN
CONFERENC =B 409 EDITING fcoA :
-404 ON F4EO§E E -41 1 412 WET SYSTEM #7 OPE:’1508FFICE WET SYSTEM #8
a — . : CONFERENCE CONFERENERE
: 75 N
: CANFERENEE  CANFERENEE
; 435 433
:. ] ] ] ° ° ; FOURTH-FLOOR
I IT FULFILLMENT
| z 436
' FIRE SUPPRESSION
I
o (m] [(u]
|
|
' 2 PLAN
|
|
| : CONFERENCE
1: ﬂ ﬂ ﬂ @ g @ m 437 G
| :
|
|
|
| %
o (m] [(u]
|
|
| CONFERENCE
I 438
| :
I :
o m o ‘ E H
| : STAIRWAY C
| r T T 5 55
= CPNFERENC T o IFIELE :
| ==zl :
S : RESTROOM
- - T
1 m CONFERENCE i! I - J
[[44b ] :
|
| |
| CONFERENCE
| a7 |
| i
1 @ CONFHRENCE
| 448
|
|
|
B o B ,, : : : - - <
CONFERENGE
— E—
| |
n m - m .
WET-SYSTEM
DIVIDE

4 5 6 @ 8 9 10 11



Remote Area #2 |

4 C =] A a8 = ] [ =]
&, >
<
& @Q@
S OO
&K
& &0 EXEC. CAFE.
&b v H
@QO g@g CONFERENCE  CONFERENCE CONFERENCE
e —] 520
S O@g CANFERENEE . cohFERENEE
& - :
% T 0% a )i A O B
@QO SO | l :
GO gjg O (@ NFERENCE 5
3L o
T %}g FERENFE i
OO ¢ gﬁ 515 544
o0 o - -
@QQ @QQ o :
OO Cg AN
N CAFETERIA A STORAGE orad22s
% 524
‘ NFERENCE  CINFERENCE \rréveriof
CONFERENCE S q ITATEEE,
€ <
CONFERENEE NIEEENg
S5p7
1] 11] 1]
CONFERENCE
cO :
=07] QJONFERENCE OPEN TOFFICE
u 505 WET SYSTEM #9 WET SYSTEM #10
a 1] 1] 11 11 11] 1]
a
a 1] 1] 11 11 11] 1]
]
] 1] 1] 1] a 11]
STAIRWAY R
CHNFEREN [T/mﬂg
GEELS
| RESTROOM
o CONFERENCE ok AN
2 ‘ 534 531
N FE TORAG
CDN%%'NCE — 535
@ CONFERENCE
538
ME ROO
SEAIRW 236
546
(K)y— m a
5 CONFERENLE
I
m _
WET-SYSTEM
DIVIDE
2 3 4 5 @ 8 9 10 11

FIRE PROTECTION SPRINKLER SYSTEM DESIGN CRITERIA

MARK HAZARD CLASSIFICATION | SYSTEM
TYPE
NO HATCH | LIGHT HAZARD WET
| | LIGHT HAZARD PRE-
| | ACTION
| ]
| | ORDINARY HAZARD DRY
| ' GROUP 2
EXTRA HAZARD WET
GROUP 2

n
an
Nael

<

N\

FIFTH-FLOOR FIRE
SUPPRESSION
PLAN



Project FPE 596 - Culminating Experience

DCI Data Center

Subject Hydraulic Analysis

Date 8-May-17

Calc by Bryan Hathaway

Known and Assumptions

+  The builiding will be fully sprinklered. The loading dock is protected by a dry-pipe system, the IT Spaces
by dual interlock pre-action system with the remaining office space being protected by a wet-pipe system.

+  Supply water is from the 24" domestic system via an eight-inch ductile iron pipe.

«  Sprinkler systems will be designed in accordance with the limitations of NFPA 13.

Hydrant Flow Test

Compilation of the Hydrant Flow information resulted in the following data used for system design.
Date Performed 6/12/2015

Static Pressure
Static Flow
Residual Pressure
Residual Flow

Estimated Supply Water Requirements

89 psi
0 gpm
81 psi
1,437 gpm

System Protection

System Protection Area Limitations

Code Reference

(sq ft)
Light Hazard 52,000 NFPA 13 2010, para 8.2.1
Ordinary Hazard Group I 52,000 NFPA 13 2010, para 8.2.1
Extra Hazard Group Il 40,000 NFPA 13 2010, para 8.2.1
Occupancy Classification Design Design |Hose Stream Code Reference
Density Area Allowance
(gpm/sq ft) (sq ft) (9pm)
Light Hazard 0.10 1,500 100 NFPA 13 2010, para Figure
11.2.3.1.1
Ordinary Hazard Group Il 0.20 1,500 250 NFPA 13 2010, para Figure
11.2.3.1.2
Extra Hazard Group Il 0.40 2,500 500 NFPA 13 2010, para Figure
11.2.3.1.3

Wet-Pipe System Hydraulic Estimation

Remote Area # 1 Wet-Pipe System #2 Protecting Mattress Fab Room 130

Design Density (Extra Hazard Group II)
Design Area

Flow Required

15% Increase due to Flow Balancing
Hose Stream Allowance

Water Demand

Area of Coverage (NFPA 13 Table 8.6.2.2.1c)

Design Density
Minimum Head Flow
Minimum Head K-factor

Sprinkler Head Pressure Requirement (7.0 psi Minimum)

0.40 gpm / sq ft
2,500 sq ft
1,000 gpm
1,150 gpm

500 gpm
1,650 gpm

100 sq ft

0.40 gpm / sq ft
40 gpm

11.2
13 psi

From Remote Area to Riser Room located in the southwest corner on the basement level




Project FPE 596 - Culminating Experience

DCI Data Center

Subject Hydraulic Analysis

Date 8-May-17

Calc by Bryan Hathaway

Flow Requirement for Remote Area 1,150 gpm
Sprinkler Head Elevation 29 ft aff
Bottom of Wet-pipe Riser Elevation 1.5 ft aff
Height Difference 27.5 ft
Pressure Requirement 11.90 psi
Linear Feet of pipe from Sprinkler Head to Base of Riser 475 ft
Estimated Fitting Equivalent Length (50% ) 238 ft
Total Equivalent Piping from Sprinkler Head to Bottom of Riser 713 ft

6" Inside Pipe Diameter 6.065 in
C-factor Schedule 40 black Wet Pipe 120
Pressure Loss Per Foot (Hazen-Williams) 0.046 psi/ ft
Pressure Loss of pipe from Sprinkler Head to Bottom of Riser 32.46 psi
Velocity in Pipe 12.78 fps
Pressure loss through 6" Check Valve per NFPA 13 1.50 psi
Remote Area Summary for Wet-Pipe System

Flow Requirement for Design Area 1,150 gpm
Pressure Requirement at Bottom of Riser 58.6 psi
External Hose Stream Requirement 500 gpm

Wet-Pipe System Hydraulic Estimation

Remote Area # 2 Wet-Pipe System #10 Protecting East Side of Level 5

Design Density (Light Hazard)
Design Area

Flow Required

15% Increase due to Flow Balancing
Hose Stream Allowance

Water Demand

Area of Coverage (NFPA 13 Table 8.6.2.2.1c))

Design Density

Minimum Head Flow

Minimum Head K-factor

Sprinkler Head Pressure Requirement (7.0 psi Minimum)

0.10 gpm / sq ft

1,500 sq ft
150 gpm
173 gpm
100 gpm
273 gpm

100 sq ft

0.10 gpm / sq ft

10 gpm
5.6
7 psi

From Remote Area to Riser Room located in the southwest corner on the basement level

Flow Requirement for Remote Area

Sprinkler Head Elevation

Bottom of Wet-pipe Riser Elevation
Height Difference

Pressure Requirement

173 gpm

71 ft aff
1.5 ft aff
69.5 ft
30.09 psi



Project FPE 596 - Culminating Experience

DCI Data Center

Subject Hydraulic Analysis

Date 8-May-17

Calc by Bryan Hathaway

Linear Feet of pipe from Sprinkler Head to Base of Riser 750 ft
Estimated Fitting Equivalent Length (50% ) 375 ft
Total Equivalent Piping from Sprinkler Head to Base of Riser 1125 ft

4" Inside Pipe Diameter 4.026 in
C-factor Schedule 40 black Wet Pipe 120
Pressure Loss Per Foot (Hazen-Williams) 0.010 psi / ft
Pressure Loss of pipe from Sprinkler Head to Base of Riser 11.28 psi
Velocity in Pipe 4.35 fps
Pressure loss through 4" Check Valve per NFPA 13 1.50 psi
Remote Area Summary for Wet-Pipe System

Flow Requirement for Design Area 173 gpm
Pressure Requirement at Bottom of Riser 49.9 psi
External Hose Stream Requirement 100 gpm
Pressure Loss From Bottom of Riser to Underground

Total Combined Flow 1,150 gpm
Linear Feet of 8" pipe to Fire Pump 25 ft
Estimated Fitting Equivalent Length (50%) 13 ft
Total Equivalent 8" Piping from Bottom of Riser to Underground 38 ft
10" Inside Pipe Diameter 7.981 in
C-factor Black Steel 120
Pressure Loss Per Foot (Hazen-Williams) 0.012 psi / ft
Pressure Loss of pipe from 8" header to Fire Pump 0.4 psi
Velocity in Pipe 7.4 fps
Pressure Loss from Bottom of Riser to Underground 0.4 psi
Pressure Loss to Flow Hydrant (Underground)

Total Flow From Remote Area #1 1,150 gpm
Linear Feet of 8" DIP pipe from Riser to Hydrant 179 ft
Estimated Fitting Equivalent Length (50%) 90 ft
Total Equivalent 8" Piping from Riser to Hydrant 269 ft

8" Inside Pipe Diameter 8.39 in
C-factor Cement Lined Ductile Iron 140
Pressure Loss Per Foot (Hazen-Williams) 0.007 psi/ ft
Pressure Loss of pipe from Riser to Hydrant 1.9 psi
Velocity in Pipe 6.7 fps
Pressure Loss Underground 11.9 psi




Project FPE 596 - Culminating Experience

DCI Data Center

Subject Hydraulic Analysis

Date 8-May-17

Calc by Bryan Hathaway

Total Pressure

Total Flow From Remote Area #1 71 psi
Safety factor 5 psi
Pressure Loss from Riser to Hydrant 76.0 psi
Hydrant Data
Static Pressure 89.0 psi
Flow at Static Pressure 0 gpm
Residual Pressure 81.0 psi
Flow at Residual Pressure 1437 gpm
Design Area Flow 1150 gpm
Hydrant Flow 500 gpm
Total Estimated Flow 1650 gpm
Calculating the Residual Pressure at (Q2/Q1)"1.85 = (S-R2) / (S-R1)
the Total Estimated Flow
Static Pressure (S) 89.0 psi
Hydrant Flow Test Flow (Q1) 1437 gpm
Total Estimated Flow (Q2) 1650 gpm
Hydrant Flow Test Residual Pressure (R1) 81.0 psi
Residual Pressure at Total Estimated Flow (R2) 78.7 psi
Water Supply and System Requirement
100.0
90.0
80.0 \
—_—
70.0
= 1150, 76.0
8 60.0
()
§ 50.0
g 400
a
30.0
20.0
10.0
0.0
0 500 1000 1500 2000 2500 3000
—SW Flow (GPM)
System Demand




Fire Protection Analysis

APPENDIX C — FIRE ALARM ANALYSIS

California Polytechnic State University Bryan Hathaway



FIRE ALARM SYSTEM LEGEND
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FIRE ALARM CONTROL UNIT

NOTIFICATION CIRCUIT POWER BOOSTER,
EXTENDER PANEL

GROUND

SOLENOID VALVE (PROVIDED BY DIVISION 21)

SECONDARY POWER SUPPLY (BATTERY)

SURGE SUPPRESSOR
(TRANSIENT VOLTAGE SURGE SUPPRESSOR)

DIGITAL ALARM COMMUNICATOR TRANSMITTER

FIRE ALARM ANNUNCIATOR

DOOR HOLD

PRESSURE DETECTOR / SWITCH (PROVIDED BY DIVISION 21)
H = HIGH
L =LOW

MANUAL FIRE ALARM PULL STATION
VALVE SUPERVISORY SWITCH (PROVIDED BY DIVISION 21)
WATER FLOW DETECTOR / SWITCH (PROVIDED BY DIVISION 21)

HEAT DETECTOR
F = FIXED TEMPERATURE

SMOKE DETECTOR / SENSOR FOR DUCT
R = RETURN

SMOKE DETECTOR

P =PHOTOELECTRIC
B = BEAM DETECTORS

REMOTE TEST STATION

HORN / STROBE COMBINATION

STROBE

WALL MOUNT STROBE

ISOLATION MODULE

ADDRESSABLE OUTPUT CONTROL MODULE

ADDRESSABLE INPUT MONITOR MODULE

NON-ADDRESSABLE OUTPUT RELAY

" CEILING

CEILING MOUNTED
VISUAL APPLIANCE \\

AUDIBLE DESIGN CRITERIA:

1.  PROVIDE AUDIBLE NOTIFICATION APPLIANCES THROUGHOUT THE BUILDING
TO ACCOMPLISH THE FOLLOWING DESIGN CRITERIA WITH ALL DOORS, AND
WINDOWS CLOSED. WHERE THIS DESIGN CRITERIA IS NOT ACCOMPLISHED
DURING COMMISSIONING, PROVIDE ADDITIONAL DEVICES TO MEET THE
MINIMUM DESIGN CRITERIA WITHOUT EXCEEDING THE LIMITATIONS OF THE
FACU, NAC, ETC... (INCLUSIVE OF PRESCRIBED SAFETY FACTORS).

2. PROVIDE A MINIMUM SOUND POWER OF 70 DBA AND 15 DBA OVER THE
AVERAGE AMBIENT SOUND LEVEL AT THE MOST REMOTE LOCATION WITHIN
THE ROOM/AREA MEASURED AT 5 FT AFF. MEASURE THE SOUND POWER
OFF THE TEMPORAL THREE TONE PATTERN. THE FOLLOWING CRITERIA
WILL BE USED FOR REVIEW AND APPROVAL OF SHOP DRAWINGS.

A. REDUCE THE SOUND POWER BY 6 DBA EACH TIME THE DISTANCE
BETWEEN THE APPLIANCE AND THE LISTENER IS DOUBLED.
STARTING DISTANCE IS PER MANUFACTURER'S DATASHEET,
TYPICALLY 10 FT.

B. REDUCE THE SOUND POWER IN ACCORDANCE WITH THE
MANUFACTURER'S DATASHEET FOR SOUND POWER DISTRIBUTION
NOT PERPENDICULAR TO THE FACE OF THE APPLIANCE. REFER TO
MANUFACTURER'S TYPICAL SOUND OUTPUT DISTRIBUTION DIAGRAM.

C. INLIEU OF THE MANUFACTURER'S PUBLISHED DBA LOSS, ASSUME A
MINIMUM 15 DBA LOSS THROUGH A STANDARD CLOSED DOOR.

VISUAL DESIGN CRITERIA:

1. PROVIDE VISUAL NOTIFICATION APPLIANCES IN PUBLIC AREAS AS
REQUIRED TO ACHIEVE THE COVERAGE INDICATED.

2. SPACE STROBES IN ACCORDANCE THE CRITERIA OUTLINED IN NFPA 72,
UNLESS OTHERWISE NOTED.]

GENERAL NOTES:

CONCEAL ALL CONDUITS IN WALLS OR ABOVE CEILINGS UNLESS
OTHERWISE INDICATED. EXCEPTION: CONDUIT IS ALLOWED TO BE
SURFACE MOUNTED ON WALLS AND CEILINGS IN UNFINISHED AREAS (E.G.
MECHANICAL ROOM, ELECTRICAL ROOM, FIRE PROTECTION ROOM). WHERE
A CONDUIT SUPPLIES A DEVICE NOT MOUNTED DIRECTLY ON THE WALL OR
CEILING, ROUTE THE CONDUIT AS A SINGLE PENDENT DROP TO EACH
DEVICE FROM THE CEILING SURFACE ABOVE. DO NOT TRAPEZE CONDUIT
ACROSS AN OPEN SPACE.

PAINT ALL EXPOSED FIRE ALARM JUNCTION BOXES AND CONDUITS IN
UNFINISHED AREAS RED, OR PROVIDED PRE-FINISHED MATERIALS FROM
THE FACTORY. PAINT EXPOSED CONDUIT AND JUNCTION BOXES IN
FINISHED AREAS TO MATCH ADJACENT SURFACES.

PROVIDE CONDUIT IN ACCORDANCE WITH THE REQUIREMENTS OF THE
ELECTRICAL SPECIFICATIONS, UNLESS OTHERWISE NOTED. SUPPORT
CONDUIT IN ACCORDANCE WITH THE NEC (E.G. MAXIMUM 10 FT SUPPORT
INTERVALS AND 3 FT FROM A TERMINATION). TENSION ONLY HANGERS ARE
NOT PERMITTED (E.G. BATWINGS). FLEXIBLE CONDUIT IS ONLY PERMITTED
WHEN CONNECTING TO THE FOLLOWING DEVICES AND APPLIANCES.
DEVICES LOCATED ON FIRE SUPPRESSION EQUIPMENT SUCH AS
FLOW/PRESSURE SWITCHES, SOLENOIDS, AND TAMPER SWITCHES.
DEVICES AND APPLIANCES LOCATED IN REMOVABLE CEILING TILES, OR
WHERE SPECIFICALLY NOTED.

PROVIDE CONDUCTOR SIZING NOT LESS THAN 18 AWG. CONSISTENTLY
COLOR COORDINATE ALL CONDUCTORS THROUGH THE SYSTEM IN
RELATION TO DEVICES THEY FEED (E.G. SLC - BLACK/RED, STROBE -
YELLOW/BLUE). PROVIDE ADDRESSABLE SLC CIRCUITS [AND SPEAKER
CIRCUITS] WITH SHIELDED CONDUCTORS, WHERE THE SHIELDING IS
GROUNDED AT ONE END. PROVIDE ALL CIRCUITS WITH LABELING AT THE
POINT OF TERMINATION (E.G. SLC 1, NAC 8, IDC 4).

RUN CONDUCTORS FROM DEVICE TO DEVICE WITHOUT SPLICES. WIRE
NUTS ARE PROHIBITED. UTILIZE TERMINAL STRIPS WHERE CONDUCTORS
CANNOT BE DIRECTLY TERMINATED AT THE DEVICE (E.G. PIGTAILS OFF A
HEAT DETECTOR).

DO NOT USE FIRE ALARM EQUIPMENT PANELS AS RACEWAY FOR ROUTING
POWER WIRING OR LOW VOLTAGE WIRING. ONLY ROUTE WIRING
TERMINATING WITHIN THE PANEL INTO THE PANEL. PROVIDE 1/4 INCH
SEPARATION BETWEEN POWER-LIMITED FIRE ALARM CIRCUITS AND POWER
CIRCUITS.

MOUNTING DEVICES IN THE FACU, INCLUDING ANY SUBPANELS (E.G. NAC.)
WHICH ARE NOT UL LISTED AS PART OF THE UNIT IS PROHIBITED.

PROVIDE SURGE SUPPRESSORS TO PROTECT ALL POWER SUPPLY
CIRCUITS TO THE FACU , INCLUDING ANY SUBPANELS (E.G. NAC.), AND ALL
FIRE ALARM CIRCUITS LEAVING OR ENTERING THE BUILDING. DEVICES AND
APPLIANCES MOUNTED DIRECTLY ON THE EXTERIOR OF THE BUILDING
(E.G. WALL MOUNTED EXTERIOR SPEAKER) DO NOT REQUIRE SURGE
SUPPRESSORS WHEN LIGHTING PROTECTION IS PROVIDED. MOUNT SURGE
SUPPRESSORS IN A SEPARATE ENCLOSURE, UNLESS IT IS UL LISTED AND
INSTALLED IN THE CONTROL UNIT BY THE FACTORY.

INSTALL FIRE ALARM BATTERIES IN THE ENCLOSURE OF THE DEVICE/UNIT
IT SUPPORTS (E.G. FACU ENCLOSURE) OR IN AN INDEPENDENT DEDICATED
ENCLOSURE.

SUPPLY OR
RETURN
DIFFUSER

) 3 FT (MIN)
-

4 INCHES (MIN) 4 INCHES (MIN)

V

r 4

[

FINISHED FLOOR

AUDIBLE
ONLY WALL
MOUNTED
APPLIANCE

'T 'T"
SYNCHRONIZE Two | FOR CEILING HEIGHTS LESS
ORMORE | THAN 96 INCHES THE VISUAL
~APPLIANCES IN ANY.  LENS MOUNTING HEIGHT SHALL
BE WITHIN 6 INCHES OF THE
FIELD OF VIEW | BEWH

WALL
MOUNTED
VISUAL
APPLIANCE

90 INCHES

MAGNETIC
} DOOR
NAC DACT HOLDER
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NAC
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BATT BATT
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SS
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72 INCHES AFF
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ROUTE CONDUIT TO ACHIEVE
SEPARATION OF POWER-LIMITED
FIRE ALARM CIRCUITS AND
POWER CIRCUITS 1

INSTALL NO GREATER THAN

MOUNT AS INDICATED
PER JOB SPECIFICATIONS

]

]

12 INéZHES
1 (MAX)

B

CEILING

MOUNTED
SMOKE/HEAT
DETECTOR

DETECTORS
NEVER HERE

WALL MOUNTED
SMOKE/HEAT
DETECTOR

— PULL STATIONS
SHALL NOT BE
LOCATED
BEHIND DOOR
SWINGS.

TO EXIT
DOOR
5 FT (MAX)

FAA

60 INCHES
TO TOP

MINIMUM 12 INCHES
FROM LIGHT SWITCH
(TYPICAL FOR FOAM

APPLIANCES)




(1] (2] [25] (3] (4] [45] 5] [55) [65) (7] 75) (8] (9] [95] [10] (1]
® . - . -
) \ 0= 0 OFFICE
/0/?4/0
- OFFICE BREAK ROOM [120]
C OFFICE
° @
(8) LOBBY o o (8
A SECURITY OFFICE ° FFICE
o - 124
o BREAK ROOM /
Az [113 | OPEN OFFICE |
o ¢ @
® . CONFERENCE ROOM
7 OPEN OFFICE JAN. ELECT.
=
s [ S
(c) % a o o o - (¢
I L \\ ///
~ 1
\ / -
NRAY ) @% BATHROOM R
o 128 TR T
o 5 & / \ N |
\/\/R/ ° . . \ \ \ = {p
D.
STORAGE (D1
STORAGE = . .
IT OFFICE l N : N
8
vv4d N
{s) MATTRESS FAB [ ] \ (b4
OFFICE \ N
o IENS ROO (170 ] @ -
\/\@/ :| 6\ = “/ 110 P y‘x‘\ ] \
g g S NO S’ ROOM OFFICE s /: — 1 =5 |5 \
SE: 109 = e f Tl T
&3 - é ‘ - ougd i i i [ TEl
(E/ 2 I o iJ # ]
@) \\,, - <)
" / 1 g PLANNING OFFICEf - 3
‘ DIAGNOSTIC LAB
I (53]
o | - T [T [ g |
{ = = =
&Y B M SIS IS B<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>