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SUMMARY

This narrative documents the applicable Building Code requirements and alternate design approaches.
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1. Authorities Having Jurisdiction:
e The City of Minneapolis, Minnesota (all disciplines except electrical), and
e The State of Minnesota (electrical discipline)

2.  Applicable Codes: (http://www.dli.mn.qov/PDF/sbc_dates.pdf)

The applicable codes are incorporated under the 2007 Minnesota State Building Code (an
amended 2006 IBC). Please see Appendices A and B for all the codes adopted by the State.

The State Building Code (SBC) will be herein referred to unless noted otherwise.

Meeting Minutes
Please see Appendix C for minutes of meetings on May 1, 2013 and July 22, 2013.

3. Code Approaches

3.1 Occupancy Classifications

West doors are closed
e A-4: Arena - indoor sports viewing.

Other occupancies in the building include
e B: Administrative offices
e B: assembly rooms with less than 50 occupants (Section 303.1, Exceptions 1 and 3),
i.e., individual suites
M: Team Store
A-2: Non game day banquets and receptions
A-3: Non game day meeting and conferencing and lounges
Note — Holding rooms for more than 5 people are classified as an I-3 occupancy; and
as an R-3 if the occupant load is 5 or less.
o Daycare (for any age, by other than a relative and for less than 24 hours): |-4

e Incidental Use (section 508.2): storage, parking garage (includes Dock)
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3.2 Allowable Height and Area

Mixed Use Approach Nonseparated Mixed Use

Type of Construction I-A

Allowable Height Unlimited

Actual Height Measured as the vertical distance between the average exterior
grade to the average height of the highest roof

Allowable Number of Unlimited
Stories

Actual Number of

stories
Story as defined by the SBC Name of story on plans
Basement Event Level
Basement Executive Suite Level
1 Lower Club Level
2 Main Concourse
3 Upper Club
4 Upper Suite
5 Upper Concourse
5 Mezzanine Mechanical Mezzanine
Allowable Area per Unlimited
story
Actual Area per story 460,000 sf
(largest footprint)
Allowable Area Total Unlimited
building
Actual Area Total 1,776,000 sf
building
3.3 High-Rise

When enclosed (an A-4 occupancy) the stadium is a high rise building (SBC Section 403).
See Item 19 of this report.

NOTE: Per telephone conversation with the city on April 16, 2014, the Fire Department stated
that the lowest level of fire department vehicle access will be considered the field.
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3.4 Smoke Protected Assembly Seating- Specialized Egress Provisions

As defined by section 1002.1 of the SBC:
SMOKE-PROTECTED ASSEMBLY SEATING. Seating served by means of egress that is not
subject to smoke accumulation within or under a structure.

The table below shows which levels are smoke protected. Accordingly, the specialized
egress provisions of section 1028.6.3 apply.

Smoke control by natural and mechanical ventilation are permitted by SBC 909.1 and
NFPA 92B section 4.3.1.

Smoke Protected by Natural Ventilation — the space has openness that allows smoke to
naturally ventilate into the large volume of the dome. In this fashion, smoke does not build
down and impede the egress path.

Smoke Protected by Mechanical Ventilation - To address conditions where the size of a
space may hot be large enough to contain the smoke safely away from the occupants while
they exit but is still an assembly related space where smoke protected exit factors are desired
to be used, mechanical smoke control approaches have been recognized by the building
code. These approaches usually involve mechanical extraction of smoke from the space.

Level Smoke Protected / Not Smoke Protected

Field Smoke Protected by Natural Ventilation

Southeast Field Vomitory and | Vomitory: Smoke Protected by Natural Ventilation

Truck Dock Truck Dock: Smoke Protected by Mechanical Ventilation

Field Level Sideline Club Smoke Protected by Mechanical Ventilation

Field Level South Major Loop | Smoke Protected by Mechanical Ventilation

Corridor

Event Level Other Indoor Not Smoke Protected

South Red Zone Lounges Smoke Protected by Mechanical Ventilation

Executive Suites Lounge Smoke Protected by Mechanical Ventilation

Lower Club Level North Smoke Protected by Mechanical Ventilation

Lower Club Level South Smoke Protected by Mechanical Ventilation

North Red Zone Lounge Smoke Protected by Mechanical Ventilation

Main Concourse Smoke Protected by Natural Ventilation.

In addition, mechanical ventilation along sidelines

Lower Seating Bow! Smoke Protected by Natural Ventilation

Upper Club Level — north Smoke Protected

Upper Club Level — south

Smoke Protected

Upper Sulite Level — north

Smoke Protected

Upper Suite Level - south

Not Smoke Protected

Upper Concourse

Smoke Protected by Natural Ventilation

Mechanical Mezzanine

Smoke Protected by Natural Ventilation

Upper Seating Bow}

Smoke Protected by Natural Ventilation

NOTE: Occupants in smoke-protected seating areas will be in a smoke-protected
environment throughout their exit access path.
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3.5 Mechanical Smoke Control (see also meeting minutes from 7-22-2013)

As a result of using the smoke protected provisions, natural ventilation and/or mechanical
smoke control is required and will be provided in the affected areas.

Please refer to Appendix D - Smoke Control Report. Please also refer to the SP (Smoke-
Protected) drawings which graphically show the areas listed in the table above.

Post-Fire Smoke Exhaust System: Required by natural or mechanical ventilation at a rate of
3 air changes per hour (SBC Section 913).

5.3.1 Make-up air Doors: The design utilizes exterior doors to provide make-up air for the
mechanical smoke exhaust fans. The design intends for fans to activate based upon a signal
that confirms said doors are no longer on the closed position. NFPA 92B does not address
whether exhaust fans are to operate based upon confirmation of whether make-up air doors
are confirmed as “not closed” or whether they are “fully open”. FSC recommends the latter
because it is better and safer for occupants for the smoke exhaust system to activate with a
partially open door rather than not operate at all with a partially open door.

5.3.2 Testing without Smoke Bompbs:
Section 909.18.8.1 of the State Building Code requires component testing.

Smoke bombs are not required by the State Building Code, the IBC nor NFPA 92B as per the
following excerpts.

NFPA 92B

L ?

Smoke bomb tests do not provide the heat, buoyancy, and
entrainment of a real fire and are not useful in evaluating the real
performance of the system. Asystem designed in aceordance with
this document and capable of providing the intended smoke
management might not pass smoke bomb tests, Conversely, it is
possible for a system that is incapable of providing the intended
smoke management to pass smoke bomb tests. Because of the
impracticality of conducting real fire tests, the acceptance tests
described in this document are directed to those aspeats of
smoke management systems that can be verified.

ICC Guide to Smoke Control in the 2006 IBC

Real smoke and artificial smoke must not be used for acceptance testing of smoke
control systems with the exception of tracer testing. Artificial smoke can be produced
by smoke bombs or other kinds of smoke generators, and it almost always lacks the
buoyaney of smoke from the design fire. Smoke control systems do not perform as
intended when subjected to such artificial smoke. Testing with smoke can only be
realistic when the five is the design fire, and this typically has unacceptable risks to life
and property, If artificial sioke is heated to the temperature of the design smoke, the
danger to life and property is the same as that from the design fire. Acceptance testing
is required by Section 909.18 of the IBC which is discussed in this chapter.
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3.6 Escalator Floor Openings
Escalators that are not part of the means of egress connect various levels.

North Side: Escalators connect the main concourse to the Upper Club levet and will be
regulated per SBC 707.2, Exception 2.1 (as such, they are regarded by the SBC as
equivalent to shafts). Wall or an 18 inch draft curtain with closely spaces sprinklers are
required at the floor opening. These floor openings are not regulated as atria.

South Side: The escalator from the Event Level to the Upper Club Level will be enclosed in a
2 hour shaft. Other escalator openings will utilize SBC 707.2, Exception 2.1. These floor
openings are not regulated as atria.

East and West Sides: Escalators are open to the bowl volume and part of the A-5 occupancy.

3.7 Floor Joints

The floor joints at the slab perimeter and expansion joints will be 2-hour but 0-hour when
located within 10 feet of a nearby floor opening (SBC 713.1).

3.8 Sprinkler System (Alternate Design Approach)

Sprinklers are required by Sections 903.2.1.4, 903.2.1.5, 403.2 and 1025.6.2.3. Sprinklers
will be provided throughout with the following exemptions.

Sprinklers may be omitted at the roof of the stadium except within 50 feet of the upper bowl
seating per city approval.

By following the above, the stadium is sprinklered where required and where effective
and will be regulated as a sprinklered building in accordance with Section 903.1.1 of
the SBC.

Standpipes
Required in all exit stairs (enclosed and unenclosed). Additional hose connections may be

required by the Fire Department.
3.9 Fire Extinguisher Locations (Alternate Design Approach)

Due to tampering and vandalism issues, it is not desirable (and may not be safe) to
provide fire extinguishers in public areas. Else, will be provided as required by the State
Fire Code Section 906.1(1), Exception and in concessions, back-of-house and constantly
attended spaces. Please see Part 20 of this report. This alternate has been approved by the
city.
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3.10 Fire Alarm System
The building will be provided with a manual fire alarm system as required by Section 907.2.1.
a. Positive Alarm Sequence (Investigation Delay): Positive alarm sequence (per NFPA 72

Section 6.9.4) for up to a 3 minute investigation delay may be utilized, if approved by the
AHJ. This is approved by the city

b. Presignal Feature: Permitted by SBC Section 907.7 and NFPA-72 Section 6.8.1.2, if
approved by the AHJ.

¢. Required Smoke Detection: Elevator recall, duct detection.

d. Pull Stations: Due to tampering and vandalism issues, it is not desirable (and may not be
safe) to provide pull stations in public areas. In addition, pull stations may be deleted
(except at the Fire Alarm Panel) as permitted by Section 907.2.1, Exception, because the
building is regulated as a sprinklered building. Submitted as an Alternate Design
Approach.

3.11 Voice Alarm in the Bowl and Concourses (Alternate Design Approach)

Section 907.2.1.1 requires a voice communication system to transmit prerecorded and live
messages to the spectators. This issue is very important in large crowd safety. At issue
is providing clear, intelligible and audible messages to the bowl and concourse
occupants. The typical Fire Alarm Voice Communication speakers are not designed for
large area coverage or to overcome high ambient crowd noise levels typical of sports
venues.

For this stadium it is proposed that the PA system will be interfaced with the fire alarm
system. It will be provided with emergency power. Prerecorded and live (from the Fire
Command Room) emergency voice messages can be transmitted.

The sound system will augment the voice evacuation system for the stadium. We would
expect the sound system in the bowl to be the primary method for delivery an emergency
message to the fans in the seating bowl. Additional speakers in the “back of house” can
either be muted to allow the fire alarm devices to be used or the sound system speakers can
be used to also deliver the emergency message.

While all of the sound system electronics are UL listed, the overall system does not comply
with NFPA 72 requirements for fire alarm systems. Other municipalities and NFPA 101 The
Life Safety Code (2012 ed., sections 12.3.4.3.6 and 9.6.3.9.2), have allowed the sound
system to function in this manner, as long as the sound system is connected to an
emergency power system. This alternate has been approved by the city.

3.12 Text Messages in the Bowl

Text messages (with back-up power) shall be provided where public address is utilized and in
the same capacity; prerecorded or real time as specified in SBC Section 1108.2.6.2.
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3.13 Code Approaches Based on Large Bowl Volume

Please see 3.35 of this report for a list of alternate design approaches some of which are
based on the large bowl volume

3.14 Field Use (e.g., concert, Final Four, wrestling events, etc.)
The occupant load will be limited to 9,128 occupants.

a.

C.

Egress Scheme: Field occupants exit up the lower bowl aisles to exits on the Executive
Suite level on the south side, the Lower Club level on the north side and up both end
zone aisles to the Main Concourse. Portable egress stairs are needed for field occupants
to access to the lower bowl aisles. Field occupants also egress via the southeast field
vomitory to the 15 foot wide ramp. See 3.17(b).

Travel Distance: Actual travel distances are in the 450 foot range. Please see 3.35 of this
report for alist of alternate design approaches.

Portable toilets are required when the field is occupied for a concert or similar event.

3.15 Elevator Lobbies or Hoistway Pressurization

As permitted by SBC section 707.14.1, exception 6, all hoistways will be pressurized in lieu of
providing elevator lobbies.

3.16 Exit Stair and Ramp Enclosure Pressurization (Sections 403.13 and 909.20.5).

a.

Exit stair and ramp enclosure pressurization is required where stairs or ramps serve
levels more than 75 feet above the lowest level of fire department vehicular access. Per
telephone conversation with the city on April 16, 2014, the Fire Department stated that
the lowest level of fire department vehicle access will be considered the field. With the
exception of Stair 10 which is open to the bowl, all stairs enclosures and (per same
phone call with the city) the enclosed east ramp from the upper concourse to the main
concourse will be pressurized.

Exit stair enclosure pressurization is required where stairs serve levels more than 30 feet
below the level of exit discharge. For pedestrian ramp at dock, see 3.17.b.

Scissor Stairs Several of the stair enclosures are constructed as interlocking stairs
(i.e., 2 intertwined stairs in one enclosure). These are permitted to be considered
as one exit.

3.17 Ramp

a. See 3.16.a.

b. See 3.16.b. Below the main concourse the ramp is provided with a 2-hour separation.

The ramp is used as an exit and is entered at the dock. The dock will be provided with a
mechanical smoke exhaust system designed to keep the smoke layer above the header
of the ramp opening. This is done so that smoke is prevented from entering into the
egress ramp. Accordingly, the ramp will be a smoke proof enclosure meeting the intent
of SBC 909.20.4 which is to prevent smoke from entering the enclosure. Per telephone
conversation with the city on April 16, 2014, the city stated that the ramp will be required
to be pressurized per SBC section 909.20.4.4.
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3.18 Pedestrian Walkway

Separation
One of the options below will be selected regarding the separation requirements for

Pedestrian Walkways in Section 3104.5

The pedestrian walkway and connected garage are sprinklered. A glass separation protected
by sprinklers is permitted in accordance with Section 3104.5, Exception 1..

Travel distance within the walkway is limited as follows:
e Without sprinkler protection in the walkway = 200 feet
e With sprinkler protection in the walkway = 250 feet

3.19 Main Exit

Provided on the Main Concourse. Multiple main exits are provided on other levels
(Section 1025.3, Exception).

3.20 Barrier at Egress Ramp and Stairs

Where stairs and ramps continue down through the building past the level of exit
discharge, an approved barrier is required in compliance with Section 1020.1.5.

3.21 Lapendaries
Required to be class A or meet NFPA 701.
3.22 Exit Signs (see also meeting minutes from 7-22-2013)
Exit signs on bowl side of vomitories are not required (Section 1011.1, Exception 5).

However, the city is requiring the following (per denial --of travel distance alternate,
dated 4/16/2014)

of the exit signs in
tall letters, 1" minimum stroke) exit signs.

3.23 Omission of Areas of Refuge (Alternate Design Approach)

The State Building Code (section 1007.3 and 1007.4) prescribes areas of refuge as
components of the accessible means of egress system for the disabled.

Per approved alternate, areas of refuge are not required; however, 2-way communication at
elevator lobbies is required.
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MINNESOTA MULTI-PURPOSE STADIUM
MINNEAPOLIS, MINNESOTA

3.24 Pyrotechnics

In accordance with NFPA 101, The Life Safety Code, use of pyrotechnics in indoor facilities is
permitted by obtaining a special permit from the AHJ and required to meet NFPA 1126.

In accordance with NFPA 101, The Life Safety Code, Section 12.7.3 reproduced below.

12.7.3 Open Flame Devices and Pyrotechnics. No open lone
devices or pyrotechnic devices shall he used in any assembly
occupancy, inless otherwise permitted by te following:

(1) Pyrotechnic special effect devices shall he permitiad to be
useck an stages before proximaue andiences for ceremo-
nial or veligious purposes, as part of a demonstvation in

exhibils, or as part of a perdformance, provided that both

of the following criteria are met

(2) Precamtions satistactory jo the autharity having jaris
dictiom are taken to prevent igniton of any combs
tible outerial,

{1 Use of the pyrotechnic dovice complics with NFPA 1126,
Standurd Jor the Use of Pootechnics Before @ Proxitwate
Audince.

3.25 Storage of Hazardous Materials

There will be no indoor fueling. There will be no indoor storage of fertilizer. Any control
areas will be constructed of 1-hour fire barrier walls with a 45 minute door, and a 1-hour
ceiling. Placards in accordance with NFPA 704 will be used.

3.26 Grandstands (Alternate Design Approach)

The grandstand tiered seating will be constructed of precast concrete two- or three-row
planks. The SBC does not specifically regulate grandstands whereas NFPA-101, The Life
Safety Code, does. Consistent with the Life Safety Code requirements (Table 12.1.6,
footnote ‘e"), the design provides precast concrete planks thick enough to yield a one hour
fire rating with non fire rated joints. The structural frame (i.e., the primary columns and
girders) will be 3 hour fire resistive. Please see 3.35 of this report for a list of alternate design
approaches. This alternate has been approved.

3.27 Omission of fire resistance of roof trusses above the highest row or two (Alternate
Design Approach)

SBC Table 602 footnote ‘c’ permits the omission of fire proofing when roof structural
members are located 20 feet or more above the floor below. Else 1.5 hour fire proofing is
required. There are 2 locations where the roof trusses are within 16 to 20 feet of the highest
row or two. Fire proofing is not being provided above the highest two rows due to the limited
amount of combustibles and the low temperatures they yield. Please see 3.35 of this report
for a list of alternate design approaches. This alternate has been approved.
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MINNESOTA MULTI-PURPOSE STADIUM
MINNEAPOLIS, MINNESOTA

3.28 Omission of fire proofing at specific perimeter steel columns (Alternate Design

Approachy)

SBC Table 601 prescribes a 3 hour fire resistance rating for columns. A number of columns
have been accepted by the city as being fire proofed up to 20 feet only, then no fire proofing
up to the Upper Concourse. The city also accepted the west columns which are 30 inches
round and concrete filled as well as north and south columns within vestibules which may

remain non fire proofed.

3.29 Roof material (ETFE)

a. Hard deck on North roof.

b. ETFE on the South roof (ETFE is the acronym for Ethylene-Tetrafluoro Ethylene)
Copolymer, which is a fluorocarbon based material. It's a durable, adaptable and
transparent plastic related to Teflon). Used at the following facilities:
¢ Basel Stadium, Switzerland, 2001
+ Art Center College of Design, South Campus, Pasadena, CA, 2004
s Allianz-Arena, Munich, Germany, 2005
« Duisberg Meiderich Theater, Germany, 2005
« Beijing Natinal Aquatics Center, China, 2007
+ Beijing National Stadium, China, 2007
s LeMay Museum, Tacoma, WA, 2009

Earthpark, Pella, 1A, 2010
c. Permltted by SBC section 2609.4 for up to 60% (proposed 42%) of the roof areain a
sprinklered building.
The cut sheet states “The presence of fluorine makes this material self-extinguishing”.
Test Classification Notes
ASTM D 1929 (MSBC section | Self ignition temperature of
2606.4) 914°F (650°F or higher
required)
ASTM D 635 (MSBC section CC1 burning extent of 1 inch Specimen is horizontal. Flame
2606.4) or less applied for 30 seconds
NFPA 701 Pass Specimen is vertical. Flame
applied for 40 seconds
ASTM E 84 (MSBC section Smoke Developed Index is Specimen is horizontal. Flame
2606.4) 115 (450 or less required) applied for 600 seconds
ASTM E 84 (MSBC section Flame Spread Index is 5 (no Specimen is horizontal. Flame
2606.4) prescribed minimum) applied for 600 seconds
3.30 Fire Command Center
A fire command center in accordance with Section 911 is required. Please see part 19 of this
report for room requirements.
HKS 16246.000
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MINNESOTA MULTI-PURPOSE STADIUM
MINNEAPOLIS, MINNESOTA

3.31 Elevators (Alternate Design Approach)

Alternate Means of Suspension.

Unlike Europe and much of the US, the State of Minnesota has not yet approved the use of
anything else except ropes for hoisting (as opposed to belts which are used in many of the
modern systems recently designed). System designs have moved on leaps and bounds. Per
conversation with the Lead Inspector for the City, Mr. Bill Renke and the Elevator Advisory
Group (consultant on this project), a couple of months ago, Mr. Renke expressed a
willingness to review and was confident that any of the city’s concerns would be addressed.
Although there is currently a system being installed in the City this issue is being addressed
on a case-by-case basis. This alternate has been approved.

3.32 Drinking Fountains (Alternate Design Approach)

Drinking fountains are required by SBC chapter 29 at the rate of 1 per 1,000 occupants.
Accordingly 65 are required. A minimum of 50% of the required number is to be provided.

3.33 Stepped Aisles in Suites (Alternate Design Approach)

1l
The diagram to the right shows the outdoor portion of a typical suite. The two front rows exit
via a 23 inch wide stepped aisle.

Although SBC éection 1025.9.1(2) prescribes a 36 inch wide stepped aisle we feel this design
meets the intent of the code because of the very low population served.

As a point of comparison, a 48 inch wide aisle can serve up to 800 occupants. In other
words, each half being 23 inches, can serve up to 400 occupants. In this instance, the 23
inch aisle serves 10 to 12 occupants. Accordingly, it is well within the egress time envisioned
by the code. This alternate has been approved.

3.34 Fire Protection of Super Truss by Sprinklers (Alternate Design Approach)

The 4 inclined columns are to be protected by a deluge system up to 30 feet above the Upper
Concourse. Please refer to the submitted Alternate Design Approach. This alternate has
been approved.
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MINNESOTA MULTI-PURPOSE STADIUM

MINNEAPOLIS, MINNESOTA

3.35 List of Alternate Design Approaches (BELOW IS A SUMMARY. PLEASE REFER TO
ACTUAL APPROVAL DOCUMENTATION)

Alternate Design Approaches

FIS: Minneapolis Fire Inspection Services
CCS: Minneapolis Construction Code Services

Written Status
Response Date

1 Omission of bowl sprinklers 2-12-2014 by Approved with conditions. Please refer to actual approval
above the field and seats CCS documentation.

2 Omission of fire extinguishers in 10-9-2013 by Approved
public areas FIS

3 Use of the PA system for fire 2-12-2014 by Approved
alarm purposes in the bowl and CCS
concourses

4 Omission of Areas of refuge Approved

5 Omission of fire resistance of roof § 11-06-2013 By Approved
trusses above the highest rowor | CCS
two

6 Omission of fire proofing at 1-29-2014 by Approved with conditions. Please refer to actual approval
specific perimeter steel columns CCS documentation.

7 Elevators: Means of suspension 10-25-2013 Approved

by CCS

8 Drinking Fountains (free water 10-25-2013 50% reduction in required number of drinking fountains is
cups will be given at the by CCS acceptable
concession stands)

9 Stepped aisle width within suites’ | 10-25-2013 Approved
tiered seating by CCS

10 Fire Rating of Grandstands 11-13-2013 by Approved

CCSs

11 Fire Protection of Super Truss by | 2-12-2014 by Approved with conditions. Please refer to actual approval
Sprinkiers CCs documentation.

12 Ramp from Event Level to 3-14-2014 by Ramp required to be pressurized per SBC section 909.20.4.4, per
diSClharge as smoke proof CCS (denied) telephone conversation with the city on April 16, 2014.
enclosure

13 Dead-Ends at escalator landings | 2-19-2014 by Approved

CCS

14 Overhead doors in the means of 3-14-2014 by Approved
egress CCS

15 Glass guards without a top rail 2-7-2014 by Approved

CCS

16 Travel Distances

17 Measure Travel Distance Once 4-16-2014 by Denied
Inside CCS

18 Horizontal Exit on Event Level 3-14-2014 by Approved

CCS
19 Stair 10 and Ramp from Upper Stair 10 okay as open per meeting with the city on 1-25-2014.

Concourse to Main Concourse

Ramp enclosed and alternate withdrawn. Ramp to be pressurized
per telephone conversation with the city on April 16, 2014.
The Fire Department stated that the lowest level of fire
department vehicle access will be considered the field.

HKS 16246.000

BUILDING CODE NARRATIVE

2014-05-02

PAGE - 14
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4, Construction Materials:

Construction materials:
1.Walls, Floors and Structural Elements: Noncombustible (Section 602.2).

Use of Wood
2.Wood boards (e.g., plywood, OSB, etc.): Plywood on Interior Metal Studs: Permitted. Required
to be fire-retardant-treated. (Section 603.1, #1).

3.Plywood within roof assemblies: Permitted in roof construction over 20 feet above upper floor.
Required to be fire retardant treated (Section 603.1, #1.3).

4. Exterior wall Sheathing (Section 602.2 & 603.1): Noncombustible (or fire retardant treated, etc.)
5. 2x Blocking (Section 603.1, #11): Permitted. Not required to be fire-retardant-treated.
Rigid or Sprayed Insulation and Exterior Wall Plastic Facings

6.Rigid or sprayed Insulation (Section 603.1, #3): Required to be separated from the interior space
by a directly applied thermal barrier of 15 minutes (or 2" gypsum board).

7. Exterior wall - rigid or sprayed insulation and, facings and coatings (Section 2603.5)
a. Rigid or sprayed insulation and, facings and coatings to have a flame spread index of 25 or
less and a smoke developed rating of 450 or less.
b.  The exterior wall assembly is required to be tested per (and pass) NFPA 285.
¢. The exterior wall assembly is required to be tested per (and pass) NFPA 268 (exterior wall
burning due to exterior fire source). This is not required if there is %" drywall, brick, stone,
concrete or 1” stucco, on the outside of the exterior wall.

8.Roofing — rigid or sprayed insulation installed above the roof deck (i.e., as part of the roof
covering), (Section 2603.6)
a. With a thermal barrier -- The roof-covering assembly is tested per ASTM E108 or UL 790 as
a class A, B or C roof covering assembly.
b. Without a thermal barrier -- The roof-covering assembly is tested per FM 4450 or UL 1256 as
aclass A, B or C roof covering assembly.

Concealed Spaces with Combustible Construction
9.Concealed Cavities - Sprinklers required in the concealed space unless one of the following
applies or is implemented:

a. The insulation is protected by a directly-applied thermal barrier of 15 minutes (or 2" gypsum
board). Or,

b. [fthe rigid or sprayed insulation material has a heat content (potential heat) of not more than
1,000 Btu/ft* (NFPA-13 Section 8.15.1.2.12 — 2007 edition and all editions since 2000). Or,

c. Ifthe rigid or sprayed insulation material has a flame spread index of 25 or less not
propagating flame for more than 10.5 feet (per ASTM E84 extended for an additional 20
minutes), (NFPA-13 Section 8.15.1.2.10 — 2007 edition and all editions since 2000). Or,

d. Ifthe rigid or sprayed insulation material meets the definition of "limited combustible” material
i.e., it has a flame spread index of 25 or less and a heat potential or not more than 3,500
Btu/pound per NFPA 259, (NFPA-13 Section 8.15.1.2.2 — 2007 edition and all editions since
2000).
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5. Passive Fire Resistive Requirements:

Elements Required Fire Resistance

Structural Frame 3 hour (Table 601)

Floors 2 hour (Table 601)

Seating Platforms 1 hour with non fire rated joints (See ltem 3.19 of this report)
Roof 1.5 hour or

0 hour when more than 20 feet above any floor below (Table 601)

Stair Enclosures & Exit | 2 hour. Required for all levels. (Section 1020.1)

Passageways

Elevator Hoistway 2 hour with 90 minute doors and fire dampers (Section 707.4)

Elevator Machine 2 hour with 90 minute doors and fire dampers (Section 3006.4)

Room

Elevator Lobbies Required on non-smoke protected levels high rise...(See Item 3.12 of this
report)

Shafts 2 hour (Section 707.4)

Permanent Partitions 0 hour (Table 601)

Corridors 0 hour (Table 1017.1)

Laundry and Trash 1 hour (walls & ceiling or continue to deck above) with 45 minute doors

Rooms > 100 ft* & and fire dampers (Table 508.2)

Boiler Room

Occupancy Separations | Not required (See Item 3.2 of this report)

Fire Pump Room If provided - 2 hour enclosure (walls & ceiling) with 90 minute doors and
fire dampers recommended (required by 2009 IBC Table 508.2.5 for
highrise buildings)

Transformer Room If provided - 1 hour enclosure with structural elements within the room
protected to maintain 1 hour unless dry type transformer with class 155 or
better insulation

Emergency Generator 2 hour enclosure (walls & ceiling) with 90 minute doors and fire dampers
and directly ventilated to the exterior

Transfer Switch Rooms | Separated from normal power and housed in 1 hour enclosures with 45
minute doors and fire dampers (Section 909.11) and directly ventilated to
the exterior

Electrical Rooms 1 hour if housing any of the following: FA equipment, 122.5 kVA dry type
transformer, 75 kVA oil type (NEC Article 450)

Parking Garage 1 hour separation

Fire Command Room 1 hour with 45 minute doors and fire dampers (Section 911.1)

Penetrations at rated F rating = rating of the wall penetrated (Section 712.3.1.2)

walls Trating=0

Penetrations at F rating = rating of the wall or floor penetrated

Floors & ceilings T rating = rating of the floor penetrated; however,

T rating = 0 if in the cavity of a wall (Section 712.4.1.1.2 and Exception)
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Exiting:

MINNEAPOLIS, MINNESOTA

Occupant Load Factors

(Table 1004.1.1)

Seating Bowl
Suites

Office

Kitchen
Mechanical
Storage
Retail

Locker room
Exercise room
Press Box

Number of fixed seats

Number of seats (fixed seats and bar stools) plus 50%
100 ft*/person

200 ft°/person

300 ft*/person

300 ft¥/person

30 ft’/person

50 ft*/person

50 ft*/person

Length of counter at 24 inches per person

Required No. of Exits

(Sections 1015 and 1019)

1

The occupant load is 49 or less AND the common path of travel is not
exceeded, else 2 exit paths are required

2 1 - 500 occupants

3 501 — 1,000 occupants

4 More than 1,000 occupants

Required Exit One-third the diagonal (Section 1015.2.1)
Separation

Common Path of Travel

Smoke Protected Assembly occupancy = 50 feet
Non Smoke Protected Assembly occupancy = 20 feet
Non Smoke Protected Business occupancy = 100 ft

Panic Hardware

Required but not at exterior gates when they are under the immediate
supetrvision of staff while the building is occupied (Section 1008.2.1)

Exit Signs

Required (Section 1011.1)
Not Required on the bowl side of vomitories {Section 1011.1, Exception 5)

Egress lllumination

Normal Power Required throughout the building including exit discharge to
the public way when the building is occupied. Permitted to be 0.2 foot-
candle during performances (Section 1006.2) if connected to the fire alarm
system.

Egress lllumination

Emergency Power Required when 2 means of egress are required plus
immediately adjacent to exterior exit doors (Section 1006.3)

Accessible Means of

Egress

One elevator in each bank on emergency power
(Section 1007.2.1)
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MINNEAPOLIS, MINNESOTA

7. Number of Seats per Row (Section 1025.10)

Row Width Maximum Permitted Number of Maximum Permitted Number of
Available for Seats bats
Egress (Access to aisles at (Access to aisle at
both ends of row) one end of row)
12 inches 19 Seating Positions 9 Seating Positions
12.8 inches 21 Seating Positions 10 Seating Positions
13.2 inches 23 Seating Positions 11 Seating Positions
13.8 inches 25 Seating Positions 12 Seating Positions
14.4 inches 27 Seating Positions 13 Seating Positions
15 inches 29 Seating Positions 14 Seating Positions
15.6 inches 31 Seating Positions 15 Seating Positions
16.2 inches 33 Seating Positions 16 Seating Positions
16.8 inches 35 Seating Positions 17 Seating Positions
17.4 inches 37 Seating Positions 18 Seating Positions
18 inches 39 Seating Positions 19 Seating Positions
18.6 inches 41 Seating Positions 20 Seating Positions
19.2 inches 43 Seating Positions 21 Seating Positions
19.8 inches 45 Seating Positions 22 Seating Positions
20.4 inches 47 Seating Positions 23 Seating Positions
20.8 inches 49 Seating Positions 24 Seating Positions
21.2 inches 51 Seating Positions 25 Seating Positions
21.8 inches 53 Seating Positions 26 Seating Positions
22 inches 54 to 100 Seating Positions 27 to 40 Seating Positions

8. Minimum Stepped Aisle Widths (Section 1025.9.1)

sides

Serving rows on both

Serving rows on one side

48 inches

36 inches < 50 people

36 inches
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9.  Aisle Steps (Section 1025.11)

bowl

to coincide with the | 1025.11.3)

Element | Dimensions Dimensional Tolerance between adjacent steps
Uniformity
Treads 11 inches
minimum Uniform 3/16 inch maximum
Risers 4 inches min. Non-uniformity 3/16 inch or less: provide contrasting stripe
9 inches max. permitted in order | on nosing or leading edge (Section

greater than 3/16 inch: provide distinctive
stripe different from (and in addition to) the
contrasting stripe. The distinctive stipe is
required to be a minimum of 1 inch and a
maximum of 2 inches at the nosing or
leading edge of the non uniform risers
(Section 1025.11.2, Exception 1)

10. Dead Ends

Row (Section 1025.8, Exception 2)

Stepped Aisle (Section 1025.9.5, Exception

4)

50 feet common path of travel

Beyond 21 rows the row width beyond is
required to be 12 inches plus 0.3 inches per
seat for each seat beyond 7 for a maximum

of 40 seats.

11.  Exit Width Factors (Sections 1025.6.3 and 1025.6.1)

Smoke protected exit factors are based upon an arena population of 18,000 occupants.

Egress Element Smoke-Protected
Width Factor

(bowl and spaces
open to the bowl})

Non Smoke-
Protected

Width Factor for
Assembly
Occupancies
(enclosed clubs,
lounges and
conference rooms)

Aisle Steps and Stairs | 0.060inches per

0.3 inches per person

person
Doors and Ramps < 0.044 inches per 0.2 inches per person
1:10 person
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MINNESOTA MULTI-PURPOSE STADIUM
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Egress Capacities serving smoke-protected areas (Section 1025.6.3)
Bowl and concourses are smoke-protected.

Stepped Aisles:

36 inch wide
stepped aisle

48 inch wide
stepped aisle

600

800

persons persons
Stairs:
4 foot wide 5 foot wide stair | 9 foot wide stair | 10 foot wide 11 foot wide
stepped aisle stair stair
800 1,000 1,800 2,000 2,200
persons persons persons persons persons
Level Surfaces & Ramps:
36 inch wide 42 inch wide 5 foot wide 6 foot wide 15 foot wide
818 954 1,363 1,636 4,090 persons
persons persons persons persons
Egress Capacities serving non smoke-protected areas (Section 1025.6.1)
Assembly Aisles & Stairs:
48 inch wide 60 inch wide 72 inch wide
stair stair stair
160 persons 200 persons 240 persons
Assembly Doors:
36 inch single 48 inch single Double doors 6
door door foot opening
165 persons 220 persons 340 persons
HKS 16246.000
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14. Travel Distances (Section 1025.7)

Smoke-protected

Smoke-protected

Non smoke-

Non smoke-

Seat to Vomitory bowl seat to exterior | protected spaces protected spaces
door or enclosed From any point to From any point to
stair exterior door or exterior door or

enclosed stair enclosed stair
(Assembly, Storage, | (Business)
Mercantile ) '

Unlimited Unlimited 250 feet 300 feet

15. Guard Heights (Section 1025.14)

or more drop)

Behind the top row (30 inch

Sightline obstructed guards

At the bottom of aisles

26 inches

a 4 inch sphere

Balusters to prevent passage of

26 inches

Balusters to prevent passage
of a4 inch sphere

42 inches measured
diagonally from the top rail and
the nosing of the nearest
tread.

Below 26 inches: Balusters to
prevent passage of a 4 inch
sphere

Above 26 inches: Balusters to
prevent passage of an 8 inch
sphere
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MINNESOTA MULTI-PURPOSE STADIUM

Exiting Summary

MINNEAPOLIS, MINNESOTA

Please refer to the LS plans.

Active Fire Protection:

Automatic Sprinkler
System

Required

Secondary on-site water
supply

Not required (Seismic design category A per email dated 05/14/2013)

Standpipes Required

Manual Fire alarm Required, pull stations may be deleted
system

Voice Communication Required

Scoreboard Messaging | Required

2-way communication

Required at each elevator lobby per approved alternate to omit areas of
refuge

Fire extinguishers

Required

Mechanical Smoke
Control

Required

Hoistway Venting

Required unless pressurized (Section 3016.5 (8.1) Exception)

Seismic Bracing

Not required (Seismic design category A per email dated 05/14/2013)

Back-Up Power:

bank

Emergency Power

Exit signs Required
Egress Illumination Required
Smoke detection Required
Fire alarm system Required
Voice Communication Required
system and PA system

Elevator Car Lighting Required
Scoreboard Messaging | Required
Assistive Listening Required
Devices

Standby power

Smoke Control Required
Stair Pressurization Required
Electric Fire Pumps Required
Hoistway Pressurization | Required
Fire Command Center Required
One elevator in each Required
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High Rise Systems

High-Rise Systems

Requirements

Smoke Control Systems
Hoistway pressurization is not
required.

Smoke Detection
(Section 907.2.12)

Emergency Voice/Alarm
Communication

(1999 Nfpa-72)

(Section 907.2.12)

Fire Department Communication
System

(1999 Nfpa-72)

(Section 907.2.12)

Not Required When Approved By
The Fire Department -- If They
Rely On Their Radio System

Stairway Doors Locked From The

Inside (Section 403.12)

Stairway Communication System

Fire Command Center

Exit stair enclosure pressurization is required where stairs serve
levels more than 30 below the level of exit discharge or more
than 75 above the lowest level of fire department vehicular
access (Sections 403.13 and 909.20.5). Pressurization is
required to be activated by smoke detectors in the vicinity of
each door entry into the enclosure (Section 909.20.6)

Required in return air plenums of systems with > 2,000 cfm

At each connection to a vertical duct riser

Required to be activated by any smoke detector, sprinkler
waterflow or pull station.

Required to sound an alert tone followed by voice instructions.
Manual override and live message capabilities are required.

As a minimum, required to alert the fire floor and one floor above
and below, to the following areas:

1. Elevator Groups

2. Exit stairways

3. Areas of Refuge

3. Each floor

Two-way communication required to be provided between the
fire command center and:

1. Elevators

2. Elevator lobbies

3. Secondary power rooms

4. Fire pump room

5. Inside enclosed exit stairs at each floor landing

6. Areas of refuge

Required to be unlocked upon a signal from the fire command
center

If stairway doors are locked then 2-way communication (to a
constantly attended location) is required on every fifth floor

Required to have the following features
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(Section 403.8)

HON -

o o

15.
16.

The emergency voice/alarm communication system unit.
The fire department communications unit.

Fire detection and alarm system annunciator unit.
Annunciator unit visually indicating the location the elevators
and whether they are operational.

Status indicators and controls for air-handling systems.

The fire-fighter’'s control panel required by section 909.16 for
smoke control systems installed in the building.

Controls for unlocking stairway doors simultaneously.
Sprinkler valve and water-flow detector display panels.
Emergency and standby power status indicators.

. A telephone for fire department use with controlled access to

the public telephone system.

. Fire pump indicators.
. Schematic building plans indicating the typical floor plan and

detailing the building core, means of egress, fire protection
systems, fire-fighting equipment and fire department access.

. Worktable.
. Generator supervision devices, manual start and transfer

features.
Public address system
Manual pull station.
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20. Fire Extinguisher Spacing Requirements
« Fire extinguishers should be provided in every mechanical, electrical, laundry, boiler, furnace,
garages, shops, kitchens, locker rooms, janitor’s closets, trash, telecom and storage room, and
concessions (State Fire Code, section 906).
« The following extinguisher sizes are minimums and the numbers preceding the letters may be
larger.
» The sizes cited below represent small extinguishers which can be handled by most occupants.

Extinguisher Size Spacing Maximum Area of Maximum Area of
(Minimum) (Maximum Actual Coverage for storage, | Coverage for other
Travel Distance to an | parking garages, occupancies in the
Extinguisher) mercantile and building
restaurant service
areas
8A:10B:C 75 feet 11,250 sf 11,250 sf

(and larger)

50 feet in areas where
Type B fires can occur

4A:10B:C
(and larger)

75 feet 6,000 sf 11,250 sf

50 feet in areas where
Type B fires can occur

2A:10B:C 75 feet 3,000 sf 6,000 sf
50 feet in areas where
Type B fires can occur
2A:5B:C 75 feet 3,000 sf 6,000 sf
30 feet in areas where
Type B fires can occur
Type K 30 feet N/A N/A
A: Medium to Extinguish Cellulose (Paper, Cloth and Wood) Fires.
B: Medium to Extinguish Flammable Liquid Fires: Oil, Alcohol.
C: Electrically Non-Conductive Extinguishing Medium: To be used where energized electrical
equipment is present.
K: Extinguishers to be provided in kitchens where oils are used in frying and cooking (in addition

to the ABC extinguishers)
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21. Toilet Fixture Count

Super Bowl Arrangement (Seating capacity = 72,000 + 500 staff = 72,500)

Equal Dist. Of Men and Women,
Population = (36,250 each gender)

(A-4 or A-5 occupancy yields same counts) Rate Number
Women Water Closets
1 per 40 for the first
1,500 and 1 per 60 for
the remainder over 617
1,500
Lavatories 1 per 150 242
Men Water Closets (See Note 1)
1 per 75 for the first
1,500 and 1 per 120
for the remainder over | 310
1,500
Lavatories 1 per 200 182
Drinking fountains 1 per 1,000 73
Service sinks 1 1

1.Urinals may be provided for up to 50% the number of required Water Closets (Footnote 1 of Table

2902.1 added per State Amendment 1305.2902 Subp. 2).

2.Family Toilets: required. Section 1109.2.1 Family toilets provided are not included in

these counts

22, Life Safety Evaluation (Emergency Preparedness Plan)

Required. (SBC Section 1028.6.2).
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BIAKEUF AND LISE OF THE
MINKESOTA STATE BUILDING CODE

Makeup of 2007 Minnesota State Building Cade

Hequired Fnforcement

Cliaper 1300
Chaipter 1341
Chapaer 1302
Chajaer 303
Chagpeer 1313
Chaypier 1305
& Chapier 1307
Chapeer 1300
Chapeer 1311
® Chapiar 1315
Chagier 1322
Chapter 1323
Cheples 1323
{hapier 1333
W LChapter 1341
Cliagstier FI0
& Chapter 1350
& Chapler 1360
& Chapler 1241

Chrapier 1370
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Addministration of the State Building Code

Dailding Officinl Cerdification

Coensineetn Apgecenls

Minnzzot Provisions of the State Duilding Cody

Window Fall Prevention Provisions

Aoy al the 30NN Sidernathanal Buildiog Ceuls

Elevitors aid Helated Devices

Aduspeticer aal thee JMAS Fravevonivousaad Reiuteainl Cieale

Aduption ol G Cirdde i for e fe feleddivivee o Eiving Swiniegr
Adoption ol the I N Electelon! S

Residentinl Emerpy Cosds

Commercial Energy Code

Selar Emerpy Bywioms

Fieodgrrading Regulations

Minsesatn Aceessibility Code

Ashaaptine e the 3606 Snfernariona Meckrain! mend Fav! Gos Cles
Manfictired Homes

Prefabricaied Huiklings

TndustrializedWadular Buildings

Hinpim Skeliers {afanuedncioed Home Parks)
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* pier 4713 Minewsots Flunbing Uvsk
Uptispn] Enfereemen
x’ Paierrpitlisd Wullding ode Appeslis | (Ueadey | hoe chapia [ 300

%' Chapeer 188 Special Fine Prodoction Sysies. eithes 1306 0020, sibpan £ {usistig anl
j var Bl i kg fsew DiiiiBsgs onl i

o Chuprer 1335 Floasipwoesing Repebations fasms 1 115,050 w 13550200

& Thant fadey Vaws apeeiile swedivy aalbedy w1l ol Sniled prepsom, ary maenisiary Wiisiglesd s sk

Vee of The Mintisiots Stale Building Cede

The Minnessas Stalo Baibing Cile s comspietssd of nsmerous chapsers b Measaoin Hile
{end inghedis referreees fs atber sieped publations wilk aiy Becassry nmesfarels

T Minnpsss Saste hisiidiong Cinle, ke iloo oy b Sigis Hullilisg Code’ i the “Coilo.”
fric by chugriees ol M ieses Bake e cutlined v tho “Mabasg of tlee 2007 Mintessts Sise
Puikting Cede” ket in this sestom Favh chispser s Ilermifiod wigh s while Indes b uling
ihe Bopic pad comtains the Minnesots Rule chipier skt oo the apposis sde of the wh The
st Blaillifing € e i crmprisei] of e fisllowing

Gt gl coeiea thial do ot inconporste by relessce untber pablished decumsst

PI Adesknlstmiloss of the S Baibling Dok

PRI Pelhag DNTkedsd Ceptifoson

1813 Bapie Donstreiem Afgeoseh

FEQE  Bmwmsain ik ol g Stale ok Coed:
PRI Seporial Pley Suppresalon Sysomy

B34 kedes Uneegy Spatenis

paa  Mlaseficiured Flomas

ikl Prefewivanad Daildigs

AT Bl i Plundseg Uil

® & % &

" m om & ®
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ey vhagiors el Insesgeesty By aeloieni niit e padfished duly siptmland o stber depument
snd nchnde gy nesewiay sl i b dovevses

B0
1307
i1

151

1314

1322

LERLY

131%

1341

| H4fs

LR |

13

: Abiijetan aof g S0 o) Piidaliong © vl fnd tiessiry siseadaariag

[dewitie arsd eiued Divieos

Ackglitn i 1he 2649 fusermntbonf Residrmtial Codh® (aral tivcensury amsondomoni)
Adkplen uf s Csdetings fug thy ftghabsfiesson of Ealiting Dillding:* fesd

i ey !m-;m:-‘)‘ C"‘N - /5 /‘1@”)

Flgpivloal Urade s 2000 Hliveal Dhiilonl Code®)

Hesidgrival rsvgy Code inoaporses Uhagear 11 of she S0 Inferitsssd
Fiadneaing 4 e Db aniilinienisg

¢aiinenelal Ereegy Uode lscorpnales ASPEUAT Steridaral 900 J004 mish
Avaiilnieis

[ lenstpenafing Hegulatons fndapls with aeswdmonn 107 Fininiri ey
Mogabativas )

Wit Acessuibilily Ui [1lils elogiss i bemded e conlinm bo i adersd
Annricans wigh Esalitlon Aot Avcassinbay Ceadelisa nrd fhe Fale Hlaing Ao

Aluptices of s 3006 Antorvaliont Meehsssad st el Lins Cindes amd micesiary
iimeredneria

[idvostrnt st Soddar uthdings aopan e §9905 Moalel” Rufis anef Bogalarian Jiu
feadsndriinioeed Badudar Mililiepn®s

Kbriin Shsiees dadgre wllh inommlimests s 1R8O duberivg el fo By
(dyctipnine Fredes s e Tos ity wnf Kueasse Wimlt)

* Tgi il e sesss miew b punchased wpaily
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Specific Code Applicntions of Adagied Model Codes

Minuesots Riles, chapter 1385 « Aduptian of the 2006 Inteerational Bullding
Cady

tnndatory chapters of g 2006 Diivrmviioess Buiding Co fuelde ehaplors 2 throagls 11 and
35, S chapie 1300 oy Adwisdsirasive provisinns. Amemlments b Claplers £ and 3 ol the
FHC are Erenrporatod intn 2007 SBC Chapters 1331 aml 1307 regpetively.

Optionnl Appeadis Chpsar 1 {Grading miy e mbopled by refinmee, Sz Chapter 100
Oipticaal Adminirlio,

Siveral chaptiers in his Cade Bave i Lean ndapied bt e Misaesedn State Builleg Cik
pravides masdilary provisivns elsewhere to replaze sxee of e chipiers o adoptad here. The
infurmatinn relative to tuese chiplers 1 s folkoea

«  Fof pravisions relative i chepler |, please refer g0 Minnvssts Bules, chigger 110,
Administration of the Stede Buildizg Cale,

«  For provisions relative b cliggoze 11, plogse relir o Minnesotz Rales, chepter 1341,
15 Mirescts Asessalbitay Code,

w  For provision nefatbes e chigeer 30, please refer t Minn esots Rales. chigeer 1417,
Tlevezars and Belated Devices.

& Far infoemtion relative ta chapler 3, plase reler e Miveesata Rules, chapler 1311
Aduplion of the Cifelimey foe H Sefabitinimon of Existing Suldiagy.

& For peovisians related e fleedprpaling, pleee relier wo Minnszon Rules, chapler
1335, Floodpenating.

Amry seismic oz sarthqosbe provisiors i ihis ende zne dedeted ond ot reyuired:

Far 2 complete descriptivg of sl applicabde chapsers and related infennatiun i b aode, plse
ety fo Meusesntn Rules, seceion 13050011,

Minnesote Rules, chopier 1369 - Adapsion of e 2000 fnternaiionnt Residential
Crule

Samchlony chaplers ol the 36K fntermvio! Reskdeind Code include chepeers 2 throngh 10,
chapler 43,

Auvizal Lluptus in s Cindd bave oot boon ndopted but the Miwasin Soite Buildisg Gode
provides messfutnry pravisions elsewhiees to replaoe 152 chapers ool edopted hee, The
informetivn rslitiag o Sse ghapiers i s Tdlows:

»  For peavisions rekatbee e chegber 1, pleass refer o Minneso Rates, chegger 114,
Adminsistrasion oF ghe Srie Boitdng Code.
o Tor peevisions wilive 1o sligge |1, please refer v Minmesots Bules, chepter 1322
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s Par prowistins relitive socbajters 12 rongh 24, plese sele i Wismln Gules,
el 146, Sinnesais bechenlonl Ciale,

o prolabons relislvi i chapters 25 thrpugh 32, plesse nefer to Missosnti ok,
haplerd TES, Minnesotn Mlusiblig Uee,

& Poe infurmation mlafive welinpies 11 fevgh A2 goher shan setion £33 Smake
i, s relier i Mivssset Rk, cipeer 1715, Mlinesita Placniol Code

& oo provlsioes wlited w Madproofing, plose wia i Missesn Bulos, chaptur
1303, Flomlprasling

Ay wetainnis or gorilepuizke pravisons o hssende aiv sheleteil gl wnt paguined

For w eaplide deseriptlon of atl spplicabie chspesrs el relied ssfucmetinn n s gede, plessi
v fer o Stimnesn Wnles, sodtios DRUIDT0] I,

Mimresoin Rudes, chaprer 1310 = Advpilon of the Guliteltres for the
Rehatillintlion of Exllng Billdings

Sanabnfvey chaplors of v Ciddelionss g e Sedadvlitaf vl Fadatinn Mddvest ancdale
ghinpis | dhiveshy &

Apponnd i 2, 4, b d ane delied and gt & par ol tie B inresct Seate Fuiiling Lade, e
et Lo wanle 4o fho appoodices in this code, the appendioss shell i apply.

Resnniees | iEemigh i gomallered iselul Information intenalal vlsslﬂilr; vy and sl il
lies sl pn praet ol Hi bl Sipie Ehuthllzg @file, with the pxeeplion of lesniee b
pederenved I setlion 504,10 (his dol,

T a vainplei deseription s all pppliceile chispees g led dfemmatinn b ks peade, pleass
epdier 40 Mimmseati b, octione DL S0 mnd F3TEOTRY,
el
Adanesoty Bules, ehapior 1315 < Adapiion of the 2008 Netigma) Klecteiegl ode
= / Za l}?
Thie 20008 Kidendd £ et Cante by Incoogeeaind by aulirence nwd e pest o e M
Ktate Puiltilling Uk

linesia

Miesata Rules, chapter 1345 - Adopdion af the 2000 Leternationid Mechiloat
il Fraol € Oy

danidana y cbaapivig ol e 2 fnirmaiicmt Mol Coda nglads vhapians 2 iheoags B3 o
el Wandatery ehapters of g 2000 inisautiveal Il Ce Cads bl dhaplers 1
Wi 7 as kil

Pt cvemglis discription o ol applicable dlapiers aod pelatel fnfanuation in thls © s, plesse
yeler s S innean Rales, scctives § 14465050 and | 16 S0
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Effective Dates of Minnesotn Coie and Rule Adoplions
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THE 2007 MESESOTA STATE B st Cune

EFFECTIVE DATE
DI ANPTINN:

Jaly 1, 1971

July 1, 1972

Deinker 1972
Juieuly 1975
Janimry 14, 1974
Otk 3, 1975

tovgmbar 18, 1975

Jeswuary 14, 1976
Jrewury 301, 1976
Dnher 29, 1977

Seplembar 9, 1978

Quraher 27, 1574
ol 30, 1980
March 9, 1981
Al 1UR]

Wl 1, TUES

HKS 16246.000

ACTION!

Suncharpes

Speate Rl Covle spplivs statmive: sepersedes o akes the place o the
bailding woske of any sninieipality. Speeifically the vode aplied vy any
mumicigality which as of May 28, 1971, fl & bailding code and fusthie
applies b any municipality shiesing 1o adopta boilding o thereafier.
T Syt S ol adipti the JWR0 Dnifeess Satlding Conle by

refenne:

Supplement to tle 1972 8150

Anwndmenis o 1572 380

J973 Phwirm Buifaiag Curly adepted by referomee
M st Dhefrn Fire Corle sidiopted the 1973 Lpfvm Fare Cody

Ackagelon nf the Handicepged Code, Chrapler 55, nnd new Linifiem Tailding
Cede Section 1717, Faam Plastics

1971 Srete Tuilding Code

Frvrgy Conservation in Hildings

Sl Enovgy Unale

UR8 Sate Faieling Cocke atdipled the 1976 L ifeew fnilling Cogy by
relereness the Ewerap U nvevation {e il s o {e meitd el

1078 Wariew! Flpctede Cade

TOAD Srare Suifoie ool adepred the 7970 Unifivn Buifiing Cocd:
Elevater [oshes — s Enempy Disclisore Rl

Energy Comsarvation Standapds for Existing Kesidowes

P90 Wational Blevtric Uik

Aancnded JES0 Ky Buifoese Cots ndoptod thee PET Linifars Siloie:

anedr
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T 20T Adps st & Saad b LD Cant

EFEdive DaTe
M AL

Syl 1, 1D
Ageil 15, 181
Ty 1, 196

Haitiniy 14, TURS

Venpaiy 1K, 1R
by |7, 1UK7
Jarwary 11, V88
April 15, 1953
Usgrabey |, UHY
July 3, Vi

Dby 4, 1481

flay 13, 1]
Hegilernliee ¥, 1002
Aot U, 1
Auagisl 1 1R
Jiine 16, 1004

Juby 17, 1004

Adiiescata i Vv Uil nlogeed fha PO Ulathoa M d il
Lapitnl Appeeddis *E®, Auimmatic Fin Suppeeision by
Eiwergr Conservnies i e adopbol i FRET Malel Kiegr Uy

Tzt mbaptisd ipdating e State Dulding Coale anl goyemsing
Plaindienpjiod Acceashilliy, Tleuirival, Pievaiis ond Fhimbing

Anmieaskal Tnengy e Bailes ad Wontal Elan st Viiergs Stondsnly
KA Keone Ballefing Circle wdorid the WER & faghre Dladhig © vl
Aualnpiedd the Groap E Division 5 ke

Aalopid Retes selating to Manufaciored Hom e Park Stopn Shelier Design
JUR i it Do S Ol gt e JUEK Pladlnn Eoe Cade
JU it el | il

SO St Moididiong i milupiied 088 Ui g Cods, SO0
ettt Adehianicat Code, TEET ANKT Oy §or Kerwors, Minnessés
Hmihing Cude

FO0F Kfnmpseny Sy ¢ okt pdopted the D0EE Aule! B Ol
U N et Bueage e, {0 Aol Epegs Coked

Pid watfaral Bleciienl ¢l

Jot Aivesenintia Ugiowan Bare vty nidupied wte Dl Unidfvess e Coale
Jond Afemmeang Enere il

Amended Duibding Oicial Ceniloien Rules. (Asves Speala,
Toniladbig 100¥elnl = Lindiedi

Spheniry 10, 100U Al bl Plnhing | il

Procomber 19, 180 1994 Minesin Mevionive! il asops 1900 Ui Sk Cole
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Eaie PRET? Blavsneani & M add B iing Ulia

Brrecvive Baie

[ETTC T L

ey 21 10
Agural 55, PG
Jiily ¥, 155
liing ¥, B
Ulphabss %, LY
Cliahey 5, 1UUY

My 3, 1

May &, b2

uly &, B
Inly 24, 1

Apesl 15, R

June 3, i)
Sepilpemiae G, JHEY
Plarcl 31, 2603
Abageh 1, 0]

Morch 35, 700

fbapiks 58, I

b Apveusibiling pules - vhapger 1R

Aot Hulps upeabing ehapiens B3, 1310 €215, 1129, $850aml (361

§650 bl Btsival Uil sboptod

Aol Fire e mlhujied e P97 Ligors Fore Cnde

F? Duifre Bedfing (ol sdopted with elste aniofaingnty

i Piihieg Cade amendmee adajinl

FEE ANKE ADTE AT R £5TA BT and 5597 W) Blewmes anl
Felaredd Bodwed Teviivs adhvesd with) prendmoss

s i Aledees will
iy whh

Ediem it Ayepenkitity el J@&i{ﬁ%‘ - hase
Biliiles A Mersssibiliy {aslaling: - seffsed chnpisr 1
St | 34

FR Mathess! Bleerrin §lods sleped
By Frovs Uil sbtnd - slinpies 7476 asd 1674

Bhawnaiet Brov ©oel mhennd - ghapless T80 fwith npiive of esaplo
G Al 7678

Hakes robil ing go Shanufactingd Horet ipdiusd
Feark Nepumasd Eleomvionl Codde adopted

3 fiveruioed Suihliap § b adopted wolls stale aingraists

R {stvriareed Bestiladiad e alipipd seids wale erendeanly

tisskelingy S e el of B Balilings adopaed with siute
szailiaiy

Adoested piles spdatig vhages 1300, | 901 1305 gl 1309

ia

HKS 16246.000
BUILDING CODE NARRATIVE
2014-05-02

PAGE - 35




MINNESOTA MULTI-PURPOSE STADIUM
MINNEAPOLIS, MINNESOTA

Viww 200 Epssmsanr A Sean e Hoysssia i vese

Ervpcnve Dy
hE ABOTE

Sepdembuy I, TEH
Janiary 3%, 2007
Fasly 11, 200007

Faily 1, 200

Jaly (i, 2rd

Jaly 10, 207
Sepieambers 14, i
iimee 1. 200
liigie 4, 2

Iily £, 2iKm
Uggaliar 2, 300t

Ul fuher 26, 2008
Thepwmbar 149, WER

x*t gt H, 20
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ACTIR

o (it boied Mechnnionl gl Dl Cias Cogdes, olugear 1140

1 bwnlings sstad edatedd Dveviees ANME AT 13000 witl ptdginls aml
anpplosmig, 41T 130EL 41752004, A4 P2, AN |2 gl (120 -
S gl 10T

200 fevrationnt i ok lopiod with i amenclmEies, e el
T

i et Railfirg ©ode sdogead with stass nmsssimenis, chapir
1404

it dsernaiiomred Revionnial Ui adopted with state ssimlinnly,
whayiier 11

Adbaptond TEules updatling ehapiees 1300, D88, 1306 ad £ 105
Jiew Mostivinad Ehevariead ke sbopted

Alinnesane Bt Bowrge Do adopled - chapler 1112

Aty Comnreil vy e mhipred - chigaer 1320

Wil Falf Prevention Presdsinns adopied - 1000 2HER L1621 and
LRIEVRE [EA]

Wi s el poed Panl Uss Ende 2000 Iiteeedinmd i foiiie!
ained P Civer Chulerl, chapler THG

slnnesatn Murmbing code, cples 4715
felaemalie by Bhommes ¢ F 19O BTEHE @fectlve 0 1HI0)

A Mainal Dlesirival cudy pdupis)
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APPENDIX C

- Yiom Peotaction Haginearing
1 B Cods Comsulting
| FSC. Inc. | o MecminlFhcric Engzesing

| COnssL Y TING ENCANEERS

Mesting Minutsa
Project:
Minngscts Melti-pooposs Soadinm Code Revisw Mestng
© May1,2013
Location:
Minpsspatis Sory Hall
3350 South Fifth Steat
Minnsapelis, MM 3413
Aftendess:
Sawve Maki, MSFA
Dan Callabag, CPEDPlan Raview
Brad Sehumsall, - AMFD
Hilasy Dverak, CPED = Lazd Wie, Dasiga. Presarvation
Joff Handaland MPLS Public Werks
Paal Millss, MPLE Public Werks
Lizds Roberts MIPEL Busines: Licensing
Pagick Higgins,  Bauilding np.
Semy Monzal, MFPLS Healh
Jizma Cinans Vikding:
Joka Huichings, HES
Bavis Tayles HES
Ty Taddall, HES
Ed Horafeck. 31-E Eaginesry
Lisds D. Fremch,  Comtwise Fireguard
Seott Stenman Hammaz
Todd Schmall, Meorismson
Esvin Dalager, Mortsmson
Craig Sharps, Sorenion
Ali Alapas, FiCInc
Michsa! Roop, FSCIn:

G225 Padicrs Crand Parkway, Sute 300 B (haslond Padk, 105 60200

Tel (2137203473 [ Fea P13 7223885 [ wab. www floiue. ciem
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Crals Madwe ey Wi
Ay ¥ VI

Cods Dizcission:

HKS 16246.000

Tay Caddall of HES gavs 2n inredariory overviow of the now Minnssota Muldpurpas
Sadimn

Ali Aly=ys of FEC reviswed the authorities having jarisdiction and the codes. The Ciry
of Minngapels will be ths suthority for the butlding cods which is the 2006 IBC with
saate amead=ann (350 Ths Elscmical Code will be anforced by tie state of

Ths sew Messsen Mels popow Sadeom (MMPS) will be o larges voluss buld=g A
parmzily devipsed b will be pver 300 fet rom tha fiald 1o the punk of tha read, sad
b 300 fat wida by 700 oot Bong Tt bs mall snaugh dor the Stame of Liberry 12 be
[oeamd lmuids wed o womk vorngmag e roed landively U Uy as opan vadiam.

The sow MMPS =8 be s nvpe DA convmuction badlding with a 3-hr rated ysractusl
frasme aad 2-5r rated Botsi

Smeks promtsed siembly wating principles will be wiilised for spoctater seating in the
naw MMPS with 2 mintes of prasive venting in open concourses and mechanical
sxEactios whete peteuary o mest cods equirements. Egress routes must be maintxined
tazabia for 1.5 times e sess time or 20 mizmtes, whichaver it lass.

Ali Aly—ax pressated an FIUS simmlation of a large stage fire (=20 MW} cn the fald
After 70 mizztes the Ssmperatrs rite and soot sccumulation at the reef is minimal and
e cocupisd areas Iks the Uppsr Sesting How] and Upper Concounse are nmaffected by
tee prodorts of combmtion. Tt babaves 18m an open air outdoor stadines in that smeke
dess not scce==ls i oroupied aveas of the BIMPE. It acts justlike an A-3 in the SBC.

Dian Callafes srked whor 2= A-4 fasimnation woeld mot address all the cods raquiremants

for iy stadimm AN Al prinsed put that the opes design of the concounas demands

serms of e im0 be opsa & well and the shear size of the building makes soms ravel

distances simply 100 long for the A4 requirsments. The A-§ dmignation alloors thas
b

Ths PA vy will be wed w0 supplement the pesformance of tha FA systee within the
wsstag bowl Brwill be e pubesmstc, pre-recerded mesiage fros the fire command rpom
with back-up power Ths relishilony of PA vyuami mest o7 encesd toss of FA ypaskan
e da tn the Begmend was of S syrae, Functinn o confirmed wors Bequently than
reguired by PA monsg  Escloced apacer will be provided with enadivonal

ipashar sreben Sueben cemmet ba gpaced i tha bowl 1o medt the sl ilessastes
reguirassesn of S bulldag cods
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e B Mrsoes Swdir
s Hwdwa ey Prufss
Wy 1, 2003

& Sprinklers =il b provided oz all comroumes and snclossd spaces. Sprakhnwillbs
onuitied o S kigh rood over e Sold and the seating el The EHC allomi s
opsission of sprizklars over the Sald xnd while pot expEcit in the §BC, the Lifs Safety
Coda alioers the deletion of spoi=kiars over the seatizg bowl ,

10. Whars the s=racfural stes] nesies sepposting the roof ams within 20 fost of the Soos
balow, a= sguivalent firg raEng will ba provided by sprizhlar wetting of the stmrmral
steal alemantn. A vary limited se=ber of roof elamsnss »m within 20 fest of B foor
balow w=d Sose alevations ws o=ly in wome parimeter locations,

11, The pamber of drinking formtsiz: reguined by the ple=bing abls will ba redured = Ly
of Ses wesy baing pvailyble st cemsenicn stands. Demlosg fountuins are geserally not
ussd by s public in theys fypes of vazusy. HES insadi s provide spprozizmesly 10
drinkisg fomsraing in pablic wresy with the remaindar of e requiramants 1 bs =at by
fren wass 90 ths conceyiion vl

13 Minssrsts s g 390t satate thae sendptes palpimuss pnss of fanals o sals waw
elsaes. HES kas doslpn viasdesds thet provide grastes diss thi cods requined sisimum
of man's B 1o luprove e fs axpirhace. The sesber of woman's Erssmea will
mest cods reguirsmant whick trs sewss thas the vate vt and neflest comm
ipproazhsd oo pory parisy for Sees tpes of venuse. HES sasdards incriais S susber
of fixtuzes for males whils lerrmg the mumsber of fameses for female the same §r will
reguirs Sher dascussicn to detewmmos of there it 2 messs o previde additsasi mea's
fistares withent wiggering a e increase in the mesber of womsa s fefe.

13. A portics of the roof will ke a lighs tanumitting plitic saterial, ETFE. Itmests the

code requisssents for 2 CC1 Light sammitting plistic sad if the total roof sves covered it
low thaz 30%: will ot requirs 3 Tesamcs

14. Linda Frezch of Coastwise Firegzard stafed that standpipss will be provided &= 21l staim.
Thay will 2:k to increase Som 200 to 400 foot the covsmzgs for Conconrss sxadpipe: a5
mors appropTizie for a building of &5 sizs. Brad Sch=oll of the Minnsapali Fis
Diepartmest i=diratod that shmdzipes oo the Field Lol &= the vomiterie: will b
required o be provided.

13, Steve Gomar i the person o comtect 2bout rood draizmszs, slevaion, and plnebing insae.
Tha telopbeng nombaer is (§17) §73-3845.

16, Steazs pipieg is spacifically regulsted. Dan Callabas drated farthar discossicn will ba
DRCALIATY.
17, Listed gresse duct systems will be sllowabls.
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h‘ !“" m ‘kp m T
Aay 1, 20711

1. Matmal weatistion of mdhridesl cpen spaces like concesden stands in lisu of providing
EVAC mpplywill adfem! fhrnesien If the bl s open to the outdoors, posifve
presmzrs in concernion stands may be reguired.

19, Patrick Higgins siated thet y==p peweps 2re not allowed in elevates pits with dmins.

0. Smeks confel poke-wp af oy regnits the opening of man doors. Will sensors to
confizes fally opes deons be regeited oy will closed door sensors indicating that a deor
has bssn opensd be ok

21. The Mizssypolis Firs Deperement we atked to consider thedr preferred location for the

Firg Pezap Foom and the Fis Crenwomd Center. Follow up mestings with tha Firs
Daparmesat will be reguived 1o discnss FOT and Firg Pump reom Jocaticns as well a3 Foe

11 Tha preject schadals wan Sumuied

The May 14" 5D vl will g2 129 e lmplimennatics Comumines asd Ciry
€ yassil but wril] ot be 3 formsl subminn 1o tha Bulldmg Deparmeat

Tha 16% DD seberemal will be My 30 srcordisg t2 the poomact

Feby 17% il ba e 100% DD subautnal

Usdsrpousd Uslhoe mill be wsbasinted ia sasly beplamber

Frusdssca plass wll be swbsited is Septambar o7 Dotobar.

Tha smietimg Mesodoms 1o schaduled t5 ba damalithed s Fabransy of 2014,
14. Tha imcke modalizg asalyn =il b prasested in & mpart for roview.

135, A Life Safety Evaleation iz accordance with the NEPA D] will be required to be
provided by e cwmer opsnatos belfoe ocoupancy.

35, Dian Callakas will miew the preliminery code analysls provided with the preseatation.

27. Hillary Dhvorak said et s project team will mview the proposed parking gamage
componants of Se proiect
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Attendees

Pat Higgins City of Minneapolis
Dan Callahan City of Minneapolis
Brad Schmoll City of Minneapolis
Scott Anderson City of Minneapolis
Scott Knudson City of Minneapolis
Steve Maki MFSA

Scott Stenman Hammes

Jim Cima Vikings

John Hutchings HKS

Kevin Taylor HKS

Anice Stephens HKS

Sergio Chavez HKS

Tom Schmoll Mortenson

Josh Miller Mortenson

Ali Alaman FSC

The following documents the discussions during our meeting of January 24" 2014,

Issue

Response by the City of Minneapolis

Alternate Design Omission of
Sprinklers at the roof of the Bowl

o Omission of sprinklers above the field is acceptable.

e Under consideration: Omission of sprinklers over the
seats. The city is considering requiring sprinklers up to
a height of 50 feet. Design team stated the fire load is
minimal with concrete rows, plastic seats are light which
are distributed (not in a pile) and which are in an open
environment (unlike enclosed rooms). The design team
proposed hose connections at the upper concourse
vomitory stairs. The city requested a plan of the hose
connections and information regarding combustibles
such as banners, compressors, advertising, etc.

Alternate Design Use of the PA
system for fire alarm purposes in the
bowl and concourses

Acceptable

Alternate Design Omission of fire
proofing at specific perimeter steel
columns

e West columns are acceptable

e Columns totally within vestibules are acceptable

e ltis acceptable for remaining columns are to be fire
proofed up to 20 feet or provided with a guard at a
distance where there is a 100% factor of safety of
temperature per the modeling
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Issue

Response by the City of Minneapolis

Alternate Design Fire Protection of
Super Truss by Sprinklers

Under consideration: Protection of the two inclined
columns initially identified and the two outward leaning
trusses by a deluge sprinkler system from the
foundation up to 30 feet above the upper concourse.

Alternate Design Bowl volume as A-5
Occupancy (open stairs, travel
distance, horizontal exit)

« Stair 10 acceptable as open within the bowl volume

s Stair 9 is not in bowl volume. Design team said this stair
will be enclosed and pressurized.

¢ Ramp is notin bowl volume. Design team to Investigate
additional exterior doors on the east side at bottom of
ramp, address impact of the mechanical smoke
management system and the inclusion of draft
curtains.

Alternate Design Overhead doors in
the means of egress.

Acceptable: make the following amendments:

¢ Doors locked in the open paosition; include Purple Club
doors in request.

¢ Doors that open upon fire alarm activation: Amend
request as follows: add smoke detectors on each side.
Power failure will cause door to open.

Alternate Design Exit ramp from
Event Level as smoke proof
enclosure. The design is based on
removing smoke from the dock area
so it does not enter the egress ramp.

Under consideration:

e Identify where make-up air is coming from.

o Keep smoke layer at 3 feet above openings into egress
ramp.

New Issue Glass Guards per the 2012
IBC which does not require a top rail

Acceptable. Needs to be submitted as an alternate
design. Suggested overdesign. Wanted field testing.

Plan Review Comment Unenclosed
exit access stairs serving club and
suite levels

Acceptable

Plan Review Comment Gate on main
concourse at ramp going down. Gate
will be in the closed position and an
attendant posted to deter patrons from
going down to the Event level.

Acceptable

Plan Review Comment Field egress
is by the dock. Sleeves will be added
at the change in elevation. Staff will be
there to direct patrons. Bicycle racks
will be used to patrons do not go into
the dock area.

Under consideration
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Issue

Response by the City of Minneapolis

Plan Review Comment Event level
service corridor and vehicles. Parking
will be valet parking. Bicycle racks will
be used to delineate pedestrian and
vehicular paths.

Acceptable. Review egress.

Plan Review Comment Dead-ends at
Escalators

Acceptable. Needs to be submitted as an alternate
design based on this being a unique situation and the
fact that it is open-air.

Plan Review Comment Occupant
Load: The occupant load will be based
upon 72,000 seats for a Super Bowl
mode. For normal NFL game day the
occupant load will be 65,000 seats
plus 5,000 for staff. The total
combined population will be 77,000.
The LS sheets do double count areas
due to exiting schemes on the Main
concourse and Lower club levels.
Toilet counts are based on normal
NFL game day seat counts.

Acceptable

Please advise if you have any comments within 5 working days.

Sincerely,

Y P

Ali H. Alaman
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APPENDIX D
Minnesota Multipurpose Stadium
Documentation of Smoke-Protected Approaches for Life Safety
Smoke-Protected by Natural Ventilation
Smoke-Protected by Mechanical Ventilation

Table of Contents

1. T o0 11103 4T ¢ USSR 45
2, 020 T LY o o] e T e OSSP TR 46
3. Calculation MethodOIOgY ..ot isisnisss s csss s s s s ses s s smrsse s 47
4. Minnesota Multi-Purpose Stadium Environment............ccoocinnnce s 49
5. Seating Bowl ENVIFONMENE ...t ncnacersnmsan s s snsssnsansas 51
6. Truck DOCK ENVIFONMENT ......necrierircrisinisisrssssrsssesscessisnnsssesssssnsnsasennssssansessmanssmsessassssn s 55
7. Field Level Sideline Club Environment...........cciimimnnnncncisnc s ssssnssssennns 59
8. Field Level Sideline Club Environment.........cccirecnsemnmmnmemmnesmn s 62
9. UPPEY CONCOUISE ...cuiuiruiecrinsissssssssrsrssssssaes s ar s s st e E s e a S am e SR s st a s s e e s mans 65
10. Upper Suite Level — Not Smoke Protected ... 70
11. Upper Club Level — Not Smoke Protected.......cccuncvniinnnr s 70
12. VIAIN CONCOUISE weruuerrcrrcrassesrsssrnsanssecas s s s as s e ia s st s et esesnnn srkrsnssssnes smrasst st asan sasnass aaseaanss 71
13. Lower Club North and SOULH ... et sanes 75
14. (2300 1740Y 1 T30 1 (o] 1 1 £ O, 78
15. Lower Executive Suite and Red Zone LOUNYES......cccccvsmerinniensmnscsmisssmnnnsssnssssssssssssennc 80
16. Summary of Results for Mechanical Ventilation ... 92
17. 07 1 1oy L1 1= 1) 1 TS YO SRR 93
18. S L 3O, 95
19. Testing — SMOKe BOMDS ...t 96
20. Smoke Control Special Inspection Testing Procedures ..., 97
[T B o o L= S SRR S SR PR 102

HKS 16246.000
BUILDING CODE NARRATIVE PAGE - 44
2014-05-02




1)

MINNESOTA MULTI-PURPOSE STADIUM
MINNEAPOLIS, MINNESOTA

Introduction

This report documents Smoke-Protected Approaches for Life Safety in the new Minnesota
Multipurpose Stadium. The Minnesota State Building Code which is based on the 2006
International Building Code (IBC) defines Smoke-Protected Assembly Seating as seating served by
means of egress that is not subject to smoke accumulation within or under a structure. The
concept of smoke protected assemblies was developed to account for the unique nature of spaces
which housed a large number of spectators. It was recognized that spaces that served a large
number of spectators necessarily had large volumes and higher than normal ceilings. The large
size and height of these types of space created large volumes that gave the smoke from a potential
fire a place to accumulate without immediately impacting the conditions that occupants would
encounter while egressing the space in the event of a fire. By providing a means for the smoke to
accumulate away from the occupants more time is allowed the occupants to escape. This is
recognized by the enhanced exit factors in modern accounts that implicitly recognize a longer time
for people to move through the egress elements allowing even allowing significant queues to form.

A. Smoke-Protected by Natural Ventilation

As indicated above, the first considerations of smoke protected assembly seating occurred in
large buildings like arenas. In early applications of this approach, the volume of those buildings
was sufficient to allow the occupants to egress from the seating area before the smoke layer
would descend to the occupied areas. This is the simplest approach and its application is still
apparent in the smoke-protected exit factor table found in section 1025.6.2 of the IBC in which
the larger the number of occupants, the greater the capacity of the egress elements become.
This reflects the idea that larger buildings have larger smoke reservoirs and thus much longer
gueuing times are implicitly allowed at egress elements.

B. Smoke-Protected by Mechanical Ventilation

To address conditions where the size of a space may not be large enough to contain the smoke
safely away from the occupants while they exit but is still an assembly related space where
smoke protected exit factors are desired to be used, mechanical smoke control approaches
have been recognized by the building code. These approaches usually involve mechanical
extraction of smoke from the space but can include the creation of pressure differences to
control or oppose the movement of smoke.

This report establishes the smoke protected properties of the new Minnesota Multipurpose
Stadium. The first sections review the applicable codes and standards that will apply to this
building. Next the building will be analyzed to determine which spaces require smoke protected
concepts and for which standard exiting principles are more appropriate. Finally, the environment
in these building areas will be addressed along with the appropriate methodologies.
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2) Code Approach

A.

Applicable Codes

The State of Minnesota has adopted the 2006 IBC as the State Building Code (SBC) which
references the 2005 edition of NFPA-92B. The SBC and the specific provisions of the NFPA
92B standard will be used to design the smoke control systems for this new stadium.

Smoke Protected Assembly Seating

Central to this approach is the code concept of smoke protected assembly seating. As
defined by section 1002.1 of the SBC:

SMOKE-PROTECTED ASSEMBLY SEATING. Seating served by means of egress that is
not subject to smoke accumulation within or under a structure.

This approach recognizes the openness and volume of the building, as well as the benefits of
sprinklers and smoke control in providing a tenable environment and thus a longer egress
time compared to traditional buildings. SBC Sections 1025.6.2 through 1025.14 prescribe the
specialized egress provisions regulating the means of egress design of the bowl! and the
building.

a. Smoke Protected by Natural Ventilation — the space has openness that allows smoke
to naturally ventilate into the large volume of the dome. In this fashion, smoke does not
build down and impede the egress path. Section 4.3.1 of the NFPA 92B standard allows
the use of smoke filling of an unoccupied volume and modeling smoke layer descent to
determine whether the smoke layer interface will reach a height at which occupants will
be exposed to smoke prior to their ability to egress from the space. By using this
approach this report documents that the new stadium (seating bowl and open
concourses) behaves as if it is truly an open air stadium.

b. Smoke Protected by Mechanical Ventilation - The prescriptive equations of Section
6.2 of the NFPA 92B standard were used to estimate the required exhaust capacity of
interior spaces. In complicated internal spaces like the Executive Suite corridor system
which do not conform to the assumptions of the simple closed form solutions computer-
based computational models are used to confirm smoke exhaust system performance.

SBC Provisions

a. Purpose of smoke control: Section 809.1 of the SBC states that smoke control is only for
life safety of the occupants.

b. Duration: Section 909.4.6 of the SBC prescribes the smoke control time frame to be 1.5
times the calculated egress time or 20 minutes whichever is less. The modeling will be
run for 20 minutes

¢. Smoke Control System Options: Section 909.1 of the SBC permits mechanical or natural
(passive) ventilation. Both will be utilized.

d. Mechanical Ventilation: Will be provided as permitted by section 909.1 of the SBC.

e. Natural Ventilation: Will be utilized based on the large open internal volume of the
building as permitted by section 909.1 of the SBC.
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f. Back-up Power: Standby power is required for mechanical fans and the make-up air
doors. Emergency power is required for the fire alarm panel.

g. Special Inspector: Required (section 909.18).

h. Smoke Bombs: Please see part 19 of this report. The SBC requires duct pressure testing
and system component testing. Smoke bombs are not required by the SBC nor by NFPA
92B which states: -

Smoke bomb tests do not provide the heat, buoyancy, and
entrainment of a real fire and are not useful in evaluating the real
performance of the system. Asystem designed in aceordance with
this docuinient and capable of providing the intended smoke
management might not pass smoke homb tests, Conversely, it is
possible for a system that is incapable of providing the intended
smoke management to pass smoke bomb tests. Beeause of the
impracteality of conducting real fire tests, the acceptance tests
described in this document are directed 1o those aspecis of
smoke management systems that can be verified.

i. Fire Fighter's Smoke Control Panel: Required (section 909.16).

i. Fire Command Center: Required (section 909.16).

j. Periodic Testing: The SBC refers to NFPA-92B which recommends periodic testing of
the equipment as recommended by the manufacturer. Moreover, the entire system is
recommended to be tested “at least semiannually by persons who are thoroughly
knowledgeable in the operation, testing and maintenance of the systems. The resuilts of
the test should be documented in the operation and maintenance log and made available
for inspection.” Tests are recommended to be conducted under normal and standby

power.

3) Calculation Methodology

A. Algebraic Equations

The NFPA 92B standard provides closed form solutions for use in determining required
exhaust quantities in simple spaces. Those equations will be utilized in this report where

applicable.

B. Fire Dynamics Simulator

More complex spaces or ones which do not conform to the assumptions made in the
development of those equations, higher fidelity models will be used. The Fire Dynamics
Simulator (FDS) is computer program published by the National Institute of Standards and
Technology (NIST) a US governmental agency. FDS solves conservation of mass,
momentum and energy equations iteratively in a three-dimensional computational domain.
Results can be tabulated, graphed or viewed in Smokeview — another NIST computer
program that shows the three-dimensional domain and animates the resuits.

C. Fire Modeling Assumptions

The following assumptions are made in the fire modeling that was done for this stadium.
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a) Interior temperature: The interior temperature is assumed to be about 70°F.

b) Fire Location: Fires are assumed to be away from walls which is a configuration that
yields the most smoke.

c) Stack Effect; Stack effects occur in shafts which is not the case here because this is a
large open volume.

d) Temperature Effects of the Fire: Fire temperatures are accounted for in the design of the
equipment.

e) Wind Effects: This is a forced air system where the discharge points are well away from
intake openings.

f) Smoke Layer Height: Section 1025.6.2.1 requires smoke layer to be kept at 6 feet above
the highest egress path. The cited section refers to the algebraic equations that maintain
the smoke layer at a certain height. The basis for these equations is the two-zone model
which assumes that there is a straight line demarcation between the hot smoke layer and
the fresh air below it. The Fire Dynamics Simulator is a much more complex tool which
displays results as arange. As a result, it does not show the “smoke layer”. It shows the
results as a range. Acceptable tenability values are based on the Society of Fire
Protection Engineering (SFPE) Handbook.

g) Sprinkler Protection: All of the interior spaces are sprinkler protected, except the bowl.

Make-up Air: Adequate make-up air will be provided for mechanical exhaust systems in
enclosed spaces in the stadium including club and suite spaces as well as open
concourses and the truck dock.

=
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4)  Minnesota Multi-Purpose Stadium Environment.
The new Minnesota Multi-purpose Stadium is an enclosed structure that has many of the same
properties of an open stadium. The concourses and seating bowl are open to such a large interior
space that the accumulation of the products of combustion in the egress paths is not possible in a
code determined amount of time. The high roof of the new stadium exceeds 300 feet above the

field level in some locations.

The Statue of Liberty along with its base could fit inside the new stadium. Because of this
extraordinarily large volume the environment of the seating bowl and open concourses is no
different than in an outdoor stadium. There are several occupied levels of the new stadium, from
the Field Level up to the Upper Seating Bowl. The egress of those spaces have been analyzed to
determine whether smoke protection is required or not. All open spaces, including the playing field,
seating bowl, and main and upper concourses are open to the interior of the building and so
inherently smoke protected. Specific spaces that are smoke protected environments and those that
are not are indicated in the following table.
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The table below shows which levels are smoke protected. Accordingly, the specialized egress
provisions of section 1025.6.3 apply. Smoke protection by natural ventilation indicates that
openness to the bowl and above bowl volume provides the ability to vent any and all products of
combustion so that the means of egress remain tenable.

Level

Smoke Protected / Not Smoke Protected

Field

Smoke Protected by Natural Ventilation

Southeast Field Vomitory and
Truck Dock

Vomitory: Smoke Protected by Natural Ventilation

Truck Dock: Smoke Protected by Mechanical Ventilation

Field Level Sideline Club

Smoke Protected by Mechanical Ventilation

Field Level South Major Loop
Corridor

Smoke Protected by Mechanical Ventilation

Event Level Other Indoor

Not Smoke Protected

South Red Zone Lounges

Smoke Protected by Mechanical Ventilation

Executive Suites Lounge

Smoke Protected by Mechanical Ventilation

Lower Club Level North

Smoke Protected by Mechanical Ventilation

Lower Club Level South

Smoke Protected by Mechanical Ventilation

North Red Zone Lounge

Smoke Protected by Mechanical Ventilation

Main Concourse

Smoke Protected by Natural Ventilation.
In addition, mechanical ventilation along sidelines

Lower Seating Bowl

Smoke Protected by Natural Ventilation

Upper Club Level — north

Smoke Protected

Upper Club Level — south

Smoke Protected

Upper Suite Level — north

Smoke Protected

Upper Suite Level - south

Not Smoke Protected

Upper Concourse

Smoke Protected by Natural Ventilation

Mechanical Mezzanine

Smoke Protected by Natural Ventilation

Upper Seating Bow!

Smoke Protected by Natural Ventilation
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Seating Bowl Environment

The egress surface above which the bottom of the smoke layer must be maintained in the Seating
Bowl throughout egress is the top of the Upper Bowl. The egress surface is 157 feet 6 inches
above the event surface in the Stadium, so the bottom of the smoke layer is required to not
descend below a minimum of 163 feet 6 inches above the Playing Field during egress with a
suitable safety factor. No mechanical smoke exhaust system is provided as the massive volume of
the stadium bowl under the roof provides a natural smoke reservoir that is so large that even a
large fire will not produce enough smoke to affect tenability in occupied outer levels of the stadium.
This Descending Smoke Layer Approach is one of the design approaches found in Section 4.3.1 of
the 2005 NFPA92B Standard for Smoke Management Systems in Malls, Atria, and Large Spaces.

(1) Natural smoke filling for an unoccupied volume or smoke reservoir and modeling smoke
layer descent to determine whether the smoke layer interface will reach a height at which

occupants will be exposed to smoke prior to their ability to egress from the space.

The following illustration depicts the large volume available for smoke filling in the stadium and the

principle of its function.

High Stadium Roof
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A. Fire Sizes

a. Concert
While a typical event in a Stadium presents only a very limited amount of fuel for a potential
fire, other uses need to be considered in the development of requirements for a smoke
exhaust system. For the purpose of this analysis, a fire heat release rate curve was
selected that exceeds or bounds the fire from possible fuel packages that may be located
on the field during a period in which the Seating Bowl is occupied. A fast growth fire that
peaks and holds steady at 10 MW was used for this simulation. Fires in fuel packages
typically grow to a peak then die down. ~ This is a very conservative assumption.
During a rock concert a large stage may be located on the field and numerous occupants
may be located on the field or in the bowl seating area. A concert stage presents a large
concentration of flammable material. A stage fire was considered and determined to be
within the bounds of the simulation heat release curve. Based upon an average heat
release rate of 160 kw/m?, over 650 square feet of plywood3 stage would have to be
engulfed to maintain a steady state heat release rate of 10 MW as was modeled for the
purposes of this analysis. The fire is not limited to only 650 square feet of stage area by
this assumption as it is assumed to engulf additional area as the fire in other areas burn

out.

Field Stage Fire
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The results of the simulation will be provided in more detail in a subsequent revision of this
report. The smoke layer is more than six feet above the highest egress levels during the
calculated time of egress.
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b. Exhibit

An exhibit on the event field during non-game days could include booths, large displays, or
even large vehicles. Large vehicles, such as recreational vehicles or buses, which could
potentially be parked on the Event Field during an exhibition present some of the largest
potential fires which could be experienced in a space which is typically characterized by low
combustibles such as a football or baseball game. The following graph is the heat release
rate of a burning bus and is shown to demonstrate the upper boundedness of the heat
release rate curve used for this analysis. The bus heat release rate grows rapidly to about
28 MW and then declines.
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Other potential fire scenarios were considerably less than the heat release rate for a
burning bus. For instance, the following is the heat release rate for a display booth which is
considerably less than that for a vehicle.
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The following is the fire curve used for the exhibit condition. It is a fast growth fire which
increases until a maximum heat release rate of 28 MW is achieved. Like the bus data
shown in the chart above it burns at the maximum value for awhile and then begins to die
down. It has a total heat release rate of slightly under 10 MW after 20 minutes have

elapsed.
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B. Egress (Smoke Layer)

a. Concert — The top of the Upper Seating Bowl is 135 feet above the field level in the new
Minnesota Stadium. The apex of the stadium roof is over 300 feet above the field level.
The lowest portion of the roof is over 200 feet above the field level and 40 feet above the
back of the upper bowl. During the course of a stage fire the incredibly large volume of the
building above the Seating Bow! will act as a buffer, absorbing the products of combustion
produced by a large fire allowing the occupants ample time to egress before a smoke zone
grows large enough to descend into the means of egress and render them untenable. The
Upper Concourse is 110 feet above the field level. During the 20 minute time period
required by the building code not only do conditions remain tenable at all locations in the
seating bowl, but no significant indications of smoke are detected either.

b. Exhibit — There is no expectation that there will be a population in the Upper Bowl! during an
exhibit so there is not a requirement to protect the exit paths on the Upper Concourse. The
largest fire that may be located on the field during an exhibition might typically be a large
vehicle like a bus or recreational vehicle. These types of vehicles typically produce very
large fires as their interior contents burn. The second curve above was selected for this
analysis but though it results in a more challenging fire, the Main Concourse which is only
about 55 feet above the field level requires protection. During the 20 minute time period
required by the building code not only do conditions remain tenable at all locations in the
seating bowl, but no significant indications of smoke are detected either.
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6. Truck Dock Environment

The interior of the Truck Dock provides access for patrons on the Field Level during a concert
through a vomitory off the field to the pedestrian ramp that will take the field patrons up to a level of
exit discharge. The goal of the smoke management system in the Truck dock is to maintain tenable
conditions at 6 feet above the walking surface on the egress path from the vomitory to the
pedestrian ramp as well as prevent smoke from spilling into the ramp itself. In the event of a fire in
the Truck Dock it is required that a smoke control system be provided that maintains tenable
conditions along all egress paths for the field level patrons. Additionally, the smoke exhaust system
in the truck dock is sized to contain the smoke from a large fire in the dock area and keep it from
spilling up the pedestrian ramp or into the main volume of the stadium where the seating bowl is.

For proper performance, it is required that the exhaust grill be located as high in the smoke layer as
practicable. The smoke exhaust system will not function correctly if the exhaust grill is located near
the floor.

‘“
Field E
f 1
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A. Fire Sizes

The truck dock will be the location of large vehicles including semi-trucks which deliver material
to the stadium as well as broadcast trucks which will be parked in designated spaces during
events. These vehicles constitute the largest potential fuel load for a fire in the space and are
used for the calculation sizing the mechanical exhaust system for the truck dock. As such it
will use the same fire curve as is used for the exhibit fire scenario for the Seating Bowl in
Section D of this report.

Exhibit Heat Release Rate
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25000 / \

20000

15000

10000 / \\
/ ——Heat Release Rate
- /

0D 60 120 180 240 300 360 420 480 540 600 660 720 780 840 900 960 1020 1080 1140 1200
HRR (kW)

Time (sec)

0

For the purpose of sizing the exhaust fan in the truck dock, an averaged heat release
rate of 25,000 Btu/sec was used and the exhaust was size to maintain the smoke layer 15
feet above the floor so it does not enter the egress ramp.

The axisymmetric plume formula in Section 6.2.1.1 of the NFPA 92B will be used to calculate
the smoke quantity generated. The base of the fire is assumed to be 6 feet above the walking
surface to account for the height of the broadcast trucks so the bottom of the smoke layer will
be 11 feet above the base of the flame or 17 feet above the floor. The height of the opening to
pedestrian ramp is 10 feet so this locates the bottom of the smoke layer fully 7 feet above the
opening to the pedestrian ramp.
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Flame Height:
The Limiting Flame Height is the top of the flame and is calculated as follows by Section
6.2.1.1, Equation (6.2.1.1c).

2/5
7, =05330,

Z = Limiting flame height
O, = Convective heat release rate, which equals 70% of the total
heat release rate of 25,000 Btu/second

= 25,000 Bfu/second x 70% = 17,500 Btu/second

7, =0533x17,500%

= 26.6 feet flame height

Mass Flow of Plume into Smoke Layer:
Since the limiting flame height is greater than the height of the bottom of the smoke layer:

m= 0.0208QC3/5 zZ
z =9 feet (distance from floor to bottom of the smoke layer)
m = Mass flow rate, Ib/second
Q. = Convective heat release rate = 25,000 Btu/second x 70% = 17,500 Bt/

second

m = 0,0208(17,500)%3(9)
m = 0.0208(351.4)(9)

m = 65.81bs/mass flow from plume into smoke layer

Smoke Layer Temperature:

The temperature of the smoke in the plume is calculated using Equation 9-9 in Section
909.10.1. The actual smoke layer temperature will be limited to 212° F by the sprinkler
system. Using the higher temperature over-predicts the exhaust quantity required since it
results in a lower calculated smoke density. The lower the density, the higher the
exhaust fan capacity necessary to exhaust the same mass.

T, =T, +&—
me

Ty = Temperature of fire plume in °F
T, = Ambient temperature in °F

C p= Specific heat of smoke = 0.24 Bu/lb °F

Q. = Fire heat convectiverelease rate =17,500 Btu/second
17,500

Ty =70+ ——— =1178F
65.8(0.24)
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Smoke Density:
To calculate smoke density, assume that the smoke layer temperature is the same as the

temperature of the smoke in the plume. Note that this is a conservative assumption as it
treats the smoke layer as uniform and adiabatic. (It assumes that there is no cooling of
the smoke within the layer.) Smoke layer density is then calculated using Charles’ Law.

T, = Ambient temperature in °R

Ty = Temperature of smoke plume in °R
p = Smoke density in lbé‘"eei3
po = Ambient density =0.075 [b/fee:‘3

T, 530 3
p=po—=0075————=0.024 Ib/feet

Ty 460+1178

Exhaust Flow Rate:
The required exhaust rate is then calculated using the calculated plume mass flow rate
and densities with Equation (9-4) in Section 909.8.2 of the SBC.

V = Exhaust rae in cfin

m = Mass flowrate =65.8 [b/secord

p = Density ofsmoke at1180 °F = 0.024 [b/fee1‘3
m 65.8 .

V = 60— =60———=162,700 ¢fin (Equation 6.4)
p 0.024

An exhaust volume of 175,000 cfm was selected to provide conservative performance.
An FDS simulation is being run to verify performance of the system and temperatures.

B. Egress

The bottom of the smoke layer is maintained greater than 6 feet above the egress surface and
additionally the exhaust capacity is seized sufficiently to keep smoke from infiltrating into the
pedestrian ramp or spilling out into the bowl volume through the large vomitory between the
Truck Dock and the Event Field.
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7. Field Level Sideline Club Environment

The Sideline Club on the south side of the new stadium will be provided with a smoke protected
interior environment. Since the Lower Ciub is an interior space, the smoke management will be
accomplished with a mechanical exhaust system.

USE SYMBOL

a0t SROTECTED B¢ //
VINTLATON 7

SUE PROVECTED BY Y
KATURALVENTEARON (NS \\(N

A. Fire Sizes

The fire size for the main open space Sideline Club will be the standard large fire of 5,000
Btu/sec as described in other sections of this report. Since the ceiling space in the Sideline
Club is high, about 15 feet the algebraic equations in the NFPA92B standard will be used for
sizing the exhaust equipment. The fire will be assumed to be steady state for this analysis.

The corridors of the Sideline Club have low ceilings similar to the Executive Suites corridor and
a similar exhaust system will be used in those areas reflecting the reduced fire size due to
sprinkler limiting and thin smoke layer. Exhaust grills of 1,000 cfm capacity will be placed every
thirty feet along the corridors.

B. Smoke Exhaust
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The axisymmetric plume formula in Section 6.2.1.1 of the NFPA 92B will be used to calculate
the smoke quantity generated. A standard fire size of 5,000 Btu/second has been selected as
the fire size. This fire size does not take credit for sprinkler limiting of the fire so itis a
conservative assumption.

Flame Height:
The Limiting Flame Height is the top of the flame and is calculated as follows by Section
6.2.1.1, Equation (6.2.1.1¢).

Z = 0.533Q02/5

Zl = Limiting flame height

Q. = Convective heat release rate, which equals 70% of the total
heat release rate of 5,000 Btu/second

= 5,000 Bru/second x 70% = 3,500 Btu/second

7, =0533x 350023

=13.9 feet flame height

Mass Flow of Plume into Smoke Layer:
Since the limiting flame height is less than the height of 13.9 feet is greater than the 6 feet to
the bottom of the smoke layer:

m= 0.0208Qc3/52
z = 6 feet {distancefrom floorto bottomof the smokelayer)
m = Mass flowrate, IbSecond
Qc = Convectiveheat relaase rate = 5,000 Btu/second x 70% = 3,500 Bru/

second

m = 0.0208(3,500)%°

m = 0.02081338)(6)

m =16.7 Ibs/massflow firomplume intosmoke layer

(6)

Smoke Layer Temperature:

The temperature of the smoke in the plume is calculated using Equation 9-9 in Section
909.10.1. The actual smoke layer temperature will be limited to 212° F by the sprinkler system.
Using the higher temperature over-predicts the exhaust quantity required since it results in a
lower calculated smoke density. The lower the density, the higher the exhaust fan capacity
necessary to exhaust the same mass.

mC p
Ty = Temperature of fire plume in °F
T, = Ambient temperature in °F
C p= Specific heat of smoke = 0.24 Btu/lb °F

Q. = Fire heat convective release rate = 3,500 Btu/second
3,500
Ty =70+ ————=943°F
16.7(0.24)
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Smoke Density:

To calculate smoke density, assume that the smoke layer temperature is the same as the
temperature of the smoke in the plume. Note that this is a conservative assumption as it treats
the smoke layer as uniform and adiabatic. (It assumes that there is no cooling of the smoke
within the layer.) Smoke layer density is then calculated using Charles’ Law.

T, = Ambient temperature in °R

Ty =Temperature of smoke plume in °R
p = Smoke density in lb/feez‘3

po = Ambient density =0.075 Ib/feet®

T, 530 3
—= =0.075———=0.028 /b/feet

p=p
¢ 460 + 943

N

Exhaust Flow Rate:
The required exhaust rate is then calculated using the calculated plume mass flow rate and
densities with Equation (9-4) in Section 909.8.2 of the SBC.

V7 = Exhaust rate in cfin

m = Mass flow rate =16.7 lb/second

= Density of smoke at 943 °F = 0.028 Ib/feet”
V= 60" = 60—t~ 35,400 ofin (Equation 64)
= 60— = = 35,400 cfin uation 6.
p 0.028

An exhaust volume of 60,000 cfm in the main club space with additional 1,000 cfm grills spaced
olong the corridors at 30 foot maximum intervals the same as is provided in the Executive Suite
Corridors was selected to provide conservative performance.

C. Egress

The smoke exhaust system is required to maintain tenable conditions within the Sideline Club
for 20 minutes. This code compliant approach allows the use of smoke protected egress
factors in the club space.
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8. South Major Loop Corridor Environment

The Event Level Main Loop Corridor on the south side of the new stadium will be provided with a
smoke protected interior environment from the Sideline Club space to the exits that are accessed
from the Loop Corridor. Since the Loop Corridor is an interior space, the smoke management will
be accomplished with a mechanical exhaust system.

D. Fire Sizes

The fire size for the Loop Corridor will be the standard large fire of 5,000 Btu/sec as described
in other sections of this report. Since the ceiling space in the Loop Corridor is high, above 15
feet the algebraic equations in the NFPA92B standard will be used for sizing the exhaust
equipment. The fire will be assumed to be steady state for this analysis.

E. Smoke Exhaust

The axisymmetric plume formula in Section 6.2.1.1 of the NFPA 92B will be used to calculate
the smoke quantity generated. A standard fire size of 5,000 Btu/second has been selected as
the fire size. This fire size does not take credit for sprinkler limiting of the fire soitis a
conservative assumption.

Flame Height:
The Limiting Flame Height is the top of the flame and is calculated as follows by Section

6.2.1.1, Equation (6.2.1.1c).
Zy = 0.533Q02/5
zZ 1= Limiting flame height
0, = Convective heat release rate, which equals 70% of the total
heat release rate of 5,000 Btu/second

= 5,000 Bru/second x 70% = 3,500 Bfu/second

Z, =0533x3,500%

= 13.9 feet flame height

Mass Flow of Plume into Smoke Layer:
Since the limiting flame height is less than the height of 13.9 feet is greater than the 6 feet to

the bottom of the smoke layer:
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m= 0.0208Qc3/5Z
z =6 feet (distancefrom floor to bottomof the smokelayer)
m = Mass flowrate, Ibsecond
O, = Convectiveheat relaise rate = 5,000 Btu/secoid x 70% = 3,500 Biu/

second

m = 0.02083,500)>>(6)
m = 0,0208(1338)(6)

m =16.7 Ibs/massflow fromplume intosmoke layer

Smoke Layer Temperature:

The temperature of the smoke in the plume is calculated using Equation 9-9 in Section
909.10.1. The actual smoke layer temperature will be limited to 212° F by the sprinkler system.
Using the higher temperature over-predicts the exhaust quantity required since it results in a
lower calculated smoke density. The lower the density, the higher the exhaust fan capacity
necessary to exhaust the same mass.

0
Ty =T, —C
C
mCp,
Ty = Temperature of fire plume in °F
T, = Ambient temperature in °F

Cp= Specific heat of smoke = 0.24 Btu/lb °F

O, = Fire heat convective release rate = 3,500 Btu/second

3,500
Ty =70+ ———— = 943°F
16.7(0.24)

Smoke Density:

To calculate smoke density, assume that the smoke layer temperature is the same as the
temperature of the smoke in the plume. Note that this is a conservative assumption as it treats
the smoke layer as uniform and adiabatic. (It assumes that there is no cooling of the smoke
within the layer.) Smoke layer density is then calculated using Charles’ Law.

T, = Ambient temperature in °R

Ty =Temperature of smoke plume in °R
p = Smoke density in lb/feer3

po = Ambient density = 0.075 Ib/feer3

T 530
p=py—2 = 0,075 ——— = 0.028 Ib/feer
3 460+ 943

Exhaust Flow Rate:
The required exhaust rate is then calculated using the calculated plume mass flow rate and
densities with Equation (9-4) in Section 909.8.2 of the SBC.
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V = Exhaust rate in cfin

m = Mass flow rate =16.7 Ib/second

= Density of smoke at 943 °F = 0.028 Ib/feet

V=60 = 60—2_ _ 35400 cfin (Equation 64)

= 60— = 60 ——— = 35,400 ¢fin (Equation 6.
p 0.028

A total exhaust volume of 80,000 cfm in the south Loop Corridor distributed across four exhaust
grills of 20,000 cfm each. All four grills will operate simultaneously assuring that any potential
fire will located near to at least two grills for a total local exhaust rate of 40,000 cfm.

F. Egress

The smoke exhaust system is required to maintain tenable conditions within the Sideline Club
for 20 minutes. This code compliant approach allows the use of smoke protected egress
factors in the club space.
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Upper Concourse

The Upper Concourse serves as the circulation area for the Upper Seating Bow! and is largely open
to the enormously large bowl volume of the new Minnesota Multi-purpose Stadium. The upper
seating bowl is set back from the exterior skin of the building along the sidelines leaving a gap
around the perimeter of the concourse that allows smoke to vent into the bowl volume from any
location. No mechanical exhaust will be required in the Upper Bowl. The following schematic
indicates where the Upper Concourse is open to above.

The smoke created by combustion located in those spaces naturally vents to the ‘outside’ bow!
environment and does not require additional venting to maintain tenable conditions in those areas.
The front lip of the upper bowl is fully 8 feet above the concourse floor which further provides
natural ventilation in the front section of the upper concourse.

A. Portion that naturally vents into the space above the concourse

a. Egress — There is no smoke layer accumulation in the areas that are open to the bowl
volume so tenable conditions are maintained throughout the 20 minute required egress

time.
B. Partially-enclosed portion under seating bowl
a. Much of the Upper Concourse is open to the bowl and is smoke protected by natural

venting. There are sections which are covered by the Upper Seating Bowl but are provided
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with a sufficient gap between the top of the bowl and exterior wall to allow the smoke to
vent into the large bowl volume and maintain tenable conditions at least 6 feet above the
walking surface. There is no smoke layer accumulation in the areas that are under the
seating bow! so tenable conditions are maintained throughout the 20 minute required
egress time. The following image show the results of a simulation of the smoke venting

characteristics of the Upper Bowl.
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Kiosk Fire Heat Release Rate

For the purpose of this analysis a design fire with a constant heat release rate of 5,000
Btu/sec will be used. This heat release rate value is greater than the maximum heat
release rate measured from a family of curves established by cone calorimeter testing as
found in the SFPE Handbook of Fire Protection Engineering, p. 3-20.

As can seen in the figure, the heat release rate for a typical kiosk fire increases to a
maximum and then decays to lower values after burning at the highest rate for a limited
time. Using a constant value of 5,000 Btu/sec for the exposure in this analysis is a
conservative assumption. Sprinkler limiting or suppression is conservatively not

~ assumed for this analysis.

The following curve which incorporates a fast fire growth rate into the heat release rate
profile will be used in locations where detailed modeling is required with FDS. All
locations that yield to a simple closed form solution will utilize the constant heat release

rate of 5,000 Btu/sec.
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b. Results —The bottom of the smoke layer is maintained at 6 feet above the floor below to
maintain tenability in the elevated egress paths as demonstrated by the following
graphically presented results for the Upper Concourse.
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C. Egress

With natural venting tenable conditions will be maintained on the upper concourse for at least
the code required 20 minutes.
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Upper Suite Level -Smoke Protected

This is a smoke protected level but is a separate zone than the Main Concourse. There is a floor
opening to the Main Concourse below which creates a high ceiling space for the Main Concourse.
While this high ceiling space of the Main Concourse below is at the same level as the ceiling of the
Upper Suite Level, the volumes are separated by construction. There is no connection between the
Upper Suite Level and the Main Concourse below that would make it part of the same smoke
protected volume. Additional information will be provided on the Upper Suite Smoke Management
System in a subsequent revision to this report.

Upper Club Level —Smoke Protected

This is a smoke protected level but is a separate zone than the Main Concourse. The interior
space of the Upper Level Club is separated from Main Concourse below by solid construction in the
lounge area. One egress corridor is open to the concourse below; fire shutters will be used to
close off the opening. Additional information will be provided on the Upper Suite Smoke
Management System in a subsequent revision to this report
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12. Main Concourse
The Main Concourse is fully open to the bowl in most locations while semi-enclosed in some areas. |

The following schematic indicates which areas of the Main Concourse are essentially open to the |
bowl volume and protected by natural ventilation.

CES T
5 “\"‘Tr; i“ff ’i?ﬁ?{fﬁ'ﬂgg

k)

B Tt 11

e e |

Along the north and south sidelines there is an open volume between the building skin and the
Upper Club and Upper Suite level slabs which will allow smoke from a fire on the Main Concourse
to rise to the level of the underside of the Upper Concourse slab. However, the spaces on the
Upper Club and Upper Suite levels are separated from the high ceiling space over the floor by
construction. The extraction fans for the Main Concourse will be located above the Main
Concourse floor in these void spaces up near the top under the Upper Concourse slab.

Activation of the smoke removal system will be by Main Concourse sprinkler or supplemental
smoke detectors under the Upper Concourse slab in the high spaces along the sidelines.
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C. Portion that naturally vents into the bowl volume

a. Egress — There is no smoke layer accumulation in the areas that are open to the bow!
volume so tenable conditions are maintained throughout the 20 minute required egress
time.

D. Partially-enclosed portion under slab of Lower Club and Suites above

a. Most of the Main Concourse is open to the bowl and is smoke protected by natural venting.
There are sections which are effectively enclosed and will require a mechanical smoke
exhaust system to maintain tenable conditions at least 6 feet above the walking surface.

The same conservative fire curve that is utilized on the Upper Concourse is also utilized on
the Main Concourse. The following curve which incorporates a fast fire growth rate into the
heat release rate profile will be used in locations where detailed modeling is required with
FDS. All locations that yield to a simple closed form solution will utilize the constant heat
release rate of 5,000 Btu/sec.
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b. Exhaust Rate — The Main Concourse has a high ceiling located at or above 15 feet
above the floor so the simpler algebraic solutions may be applied. The bottom of the
smoke layer is maintained at 6 feet above the floor below to maintain tenability in the
elevated egress paths.

The axisymmetric plume formula in Section 6.2.1.1 of the NFPA 92B will be used to
calculate the smoke quantity generated. A standard fire size of 5,000 Btu/second has
been selected as the fire size. This fire size does not take credit for sprinkler limiting of
the fire so it is a conservative assumption.

Flame Height: .
The Limiting Flame Height is the top of the flame and is calculated as follows by Section
6.2.1.1, Equation (6.2.1.1c).

Z) = 0‘533Q62/5
Z = Limiting flame height
O, = Convective heat release rate, which equals 70% of the total
heat release rate of 5,000 Btu/second
= 5,000 Btu/second x 70% = 3,500 Biu/second
7, =0533x3,500%
=13.9 feet flame height

Mass Flow of Plume into Smoke Layer:
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Since the limiting flame height is less than the height of 13.9 feet is greater than the 6
feet to the bottom of the smoke layer:
m= 0,0208Qc3/52
z = 6 feet distancefrom floorto bottomof thesmokelayer)
m = Mass flowrate, Ibkecond
O, = Convectiveheat relaise rate = 5,000 Btu/secord x 70% = 3,500 Btu/

second

m = 0.02083,500)>°

m = 0.0208133.8)(6)

m =16.7 Ibs/massflow fromplume intosmoke layer

(6)

Smoke Layer Temperature:

The temperature of the smoke in the plume is calculated using Equation 9-9 in Section
909.10.1. The actual smoke layer temperature will be limited to 212° F by the sprinkler
system. Using the higher temperature over-predicts the exhaust quantity required since it
results in a lower calculated smoke density. The lower the density, the higher the
exhaust fan capacity necessary to exhaust the same mass.

Ty = Temperature of fire plume in °F
T, = Ambient temperature in °F

Cp= Specific heat of smoke =0.24 Btu/lb °F

Q. = Fire heat convective release rate = 3,500 Bru/second
3,500

$————=943°F
16.7(0.24)

Smoke Density:

To calculate smoke density, assume that the smoke layer temperature is the same as the
temperature of the smoke in the plume. Note that this is a conservative assumption as it
treats the smoke layer as uniform and adiabatic. (It assumes that there is no cooling of
the smoke within the layer.) Smoke layer density is then calculated using Charles’ Law.

T, = Ambient temperature in °R

T, = Temperature of smoke plume in °R
p = Smoke density in lb/feef3
po = Ambient density =0.075 Ib/feez‘3

530 3
p=py——=0075———=0.028 Ib/feet
Ty 460 + 943

Exhaust Flow Rate:
The required exhaust rate is then calculated using the calculated plume mass flow rate
and densities with Equation (9-4) in Section 909.8.2 of the SBC.
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V = Exhaust rate in cfin

m = Mass flow rate =16.7 lb/second
p = Density of smoke at 943 °F = 0.028 Ib/feet”
m

4
V= 60; = 60W928- =35,400 cfin (Equation 6.4)

An exhaust volume of 80,000 cfm was selected to provide conservative performance.

13. Lower Club North and South

The Lower Club on the North side of the new stadium will be provided with a smoke protected
interior environment. Since the Lower Club is an interior space, the smoke management will be
accomplished with a mechanical exhaust system.
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G. Fire Sizes

The fire size for the North Lower Club will be the standard large fire of 5,000 Btu/sec as
described in other sections of this report. Since the ceiling space in the North Upper Club is
high, about 15 feet the algebraic equations in the NFPA92B standard will be used for sizing the
exhaust equipment. The fire will be assumed to be steady state for this analysis.

. Smoke Exhaust

The axisymmetric plume formula in Section 6.2.1.1 of the NFPA 92B will be used to calculate
the smoke quantity generated. A standard fire size of 5,000 Btu/second has been selected as
the fire size. This fire size does not take credit for sprinkler limiting of the fire soitis a
conservative assumption.
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Flame Height:
The Limiting Flame Height is the top of the flame and is calculated as follows by Section
6.2.1.1, Equation (6.2.1.1c).

Zy= 0‘533Q02/5

Zq = Limiting flame height

Q. = Convective heat release rate, which equals 70% of the total
heat release rate of 5,000 Btu/second

= 5,000 Btu/second x 70% = 3,500 Btu/second

7, = 0533x3,500%

=139 feet flame height

Mass Flow of Plume into Smoke Layer:
Since the limiting flame height is less than the height of 13.9 feet is greater than the 6 feet to
the bottom of the smoke layer:

m= 0.0208QC3/SZ
z = 6 feet (distancefrom floorto bottomof thesmokelayer)
m = Mass flowrate, IbSecond

O, = Convectiveheat relaise rate = 5,000 Btu/secord x 70% = 3,500 Bru/

second

m =0,02083,500)>(6)
m = 0.0208(1338)(6)

m =16.7 Ibs/massflow fromplume intosmoke layer
Smoke Layer Temperature:
The temperature of the smoke in the plume is calculated using Equation 8-9 in Section
909.10.1. The actual smoke layer temperature will be limited to 212° F by the sprinkler system.
Using the higher temperature over-predicts the exhaust quantity required since it results in a
lower calculated smoke density. The lower the density, the higher the exhaust fan capacity
necessary to exhaust the same mass.

Ty =T, +—Q€-
mC p

Ty = Temperature of fire plume in °F
T, = Ambient temperature in °F
C p= Specific heat of smoke = 0.24 Bru/lb °F
Q. = Fire heat convective release rate = 3,500 Btu/second

3,500
+ —————
16.7(0.24)

30

Ty

Smoke Density:

To calculate smoke density, assume that the smoke layer temperature is the same as the
temperature of the smoke in the plume. Note that this is a conservative assumption as it treats
the smoke layer as uniform and adiabatic. (It assumes that there is no cooling of the smoke
within the layer.) Smoke layer density is then calculated using Charles’ Law.
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T, = Ambient temperature in °R

T, s = Temperature of smoke plume in°R
p = Smoke density in lb/feer3
po = Ambient density = 0075 Ib/feet’

T, 530 3
p=py—2=0075——=0.028 Ibjfeet
T, 460 + 943

Exhaust Flow Rate:
The required exhaust rate is then calculated using the calculated plume mass flow rate and

densities with Equation (9-4) in Section 909.8.2 of the SBC.

V = Exhaust rafe in cfin

m = Mass flow rate =16.7 Ib/second

= Density of smoke at 943 °F = 0.028 Ib/feet”
49
V=602 = 60———— = 35,400 cfin (Equation 6.4)
p 0.028
An exhaust volume of 50,000 cfm was selected to provide conservative performance.

. Egress

The smoke exhaust system is required to maintain tenable conditions within the Club for 20
minutes. This code compliant approach allows the use of smoke protected egress factors in
the club space. s

14. Red Zone North

A. Fire Sizes
a. Inlocations around the concourses, the types of fuel sources which might be found in a
stadium are considered. Kiosks from which souvenirs or concessions may be sold
represent the largest concentration of combustible material that typically must be
considered. The following graph depicts typical heat release rates from cone calorimeter
testing that has been performed.
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Kiosk Fire Heat Release Rate

For the purpose of this analysis a design fire with a constant heat release rate of 5,000
Btu/sec will be used. This heat release rate value is greater than the maximum heat
release rate measured from a family of curves established by cone calorimeter testing as
found in the SFPE Handbook of Fire Protection Engineering, p. 3-20. As can seen in the
figure, the heat release rate for a typical kiosk fire increases to a maximum and then
decays to lower values after burning at the highest rate for a limited time. Using a constant
value of 5,000 Btu/sec for the exposure in this analysis is a conservative assumption.
Sprinkler limiting or suppression is conservatively not assumed for this analysis.

The following curve which incorporates a fast fire growth rate into the heat release rate
profile will be used in locations where detailed modeling is required with FDS. All locations
that yield to a simple closed form solution will utilize the constant heat release rate of 5,000

Btu/sec.
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Concourse Fire
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B. Smoke Exhaust

a. The Red Zone Lounges are open to the volume of the bowl and do so are not subject to the
accumulation of products of combustion.

15. Lower Executive Suite and Red Zone South Lounges

A. The Super GA Lounges serve as the means of egress for the upper and lower super GA
sections on the south sideline. Access to the main exit stair enclosures that serve the Super
GA sections on the south sideline is provided by the corridors of the Executive Suites space.
Smoke protected exit factors are required because of the large populations using these exits so
a mechanical smoke exhaust system is required to maintain tenable conditions in these
spaces.
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The Red Zone Lounges are high ceiling spaces which are partly open to the large volume
of the Stadium. The corridors of the Executive Suites space are low ceiling spaces with
less than 14 feet of elevation between the slabs. The assumptions made in the
derivation of the simple equations of the NFPA 92B standard cannot be applied in these
long, relatively narrow, low-ceilinged spaces so the higher fidelity FDS tool is used to
evaluate the required smoke exhaust quantities and vent locations to maintain tenable
conditions for egress in the corridor system. Tenability conditions will be monitored at the
level of 6 feet above the floor of the Executive Suite corridors.
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A potential fire in the corridor system is considered. The corridor system of the Executive
Suites area will contain bars and seating for patrons. Some of these furnishings may be
significant sources of combustible material. The corridors are provided with automatic
sprinkler protection and the effect of sprinkler activation is quantified. The DETACT
algorithm found in the FPETool suite of software tools originally provided by NIST was
used to estimate sprinkler activation time and fire size in the corridors. The maximum fire
size with a conservative fast fire growth rate was found to be 433 Btu/sec reached at
about 100 seconds. Without modeling suppression (allowing the fire to burn at constant
maximum rate) the heat release rate curve for this fire is shown in the following chart.

Corridor Fire

500

|

ol
I
I

0 60 120 180 240 300 360 420 480 54D 600 660 720 780 840 900 960 1020 1080 1140 1200
Time (sec)

The exhaust system in the corridors and lounge area of the Executive Suites consists of
1,000 cfm exhaust grills spaced approximately 30 feet on centers. The following layout
was used for this preliminary simulation.
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The results of simulation will be found in an appendix of future versions of this report.

The following graphically represents the results of a fire at the central bar area of the
circulation area of the Executive Suites lounge.
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EXECUTIVE SUITES

VISIBILITY
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b. The Red Zone lounges have a high ceiling space so the simpler solutions may be
applied. Because some of the patrons exiting through the Red Zone Lounge area are
descending from above, the bottom of the smoke layer is required to be maintained at or
above a level that would be encountered by patrons entering the space through the
vomitories above and descending the stairs into the main lounge area. The bottom of the
smoke layer is maintained at 16 feet above the floor below to maintain tenability in the
elevated egress paths.

The axisymmetric plume formula in Section 6.2.1.1 of the NFPA 92B will be used to
calculate the smoke quantity generated. A standard fire size of 5,000 Btu/second has
been selected as the fire size. This fire size does not take credit for sprinkler limiting of
the fire so it is a conservative assumption.

Flame Height:
The Limiting Flame Height is the top of the flame and is calculated as follows by Section

6.2.1.1, Equation (6.2.1.1b).

2/5
Z, = 05330,

Z, = Limiting flame height
O, = Convective heat release rate, which equals 70% of the total
heat release rate of 5,000 Btu/second

= 5,000 Btu/second x 70% = 3,500 Bru/second

Z, = 0533x 350023

=139 feet flame height

Mass Flow of Plume into Smoke Layer:
Since the limiting flame height is less than the height of 13.9 feet is less than the 16 feet
to the bottom of the smoke layer:
m= o.ozchl/z’zs/3 +0.0042 O

z = 16 feet (dis tance from Event Flo orto 6 feetabov e the Upper Super GAVomitory Floor )

m = Mass flow rate, 1b/ second
Q. = Convective heat rele aserate = 5,000 Btu/secon dx 70% = 3,500 Btw/

second
m = 0.022¢3,500 )V 316 %3 + 0.0042 (3,500 )
m = 0.022(15.2)(101.7 ) + 14.7

m = 49 lbs/mass  flow from plume into  smoke lay er

Smoke Layer Temperature:

The temperature of the smoke in the plume is calculated using Equation 9-9 in Section
909.10.1. The actual smoke layer temperature will be limited to 212° F by the sprinkler
system. Using the higher temperature over-predicts the exhaust quantity required since it
results in a lower calculated smoke density. The lower the density, the higher the
exhaust fan capacity necessary to exhaust the same mass.
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G
mC p

Ts

T, = Temperature of fire plume in °F
T,, = Ambient temperature in °F

Cp= Specific heat of smoke = 0.24 Btu/lb °F

Q. = Fire heat convective release rate = 3,500 Btu/second

3,500
T, =70+ =370°F

s 49(0.24)

Smoke Density:
To calculate smoke density, assume that the smoke layer temperature is the same as the

temperature of the smoke in the plume. Note that this is a conservative assumption as it
treats the smoke layer as uniform and adiabatic. (It assumes that there is no cooling of
the smoke within the layer.) Smoke layer density is then calculated using Charles’ Law.

HKS 16246.000

T,, = Ambient temperature in °F

T, = Temperature of smoke plume in °F
p = Smoke density in lb/feez‘3

po = Ambient density = 0075 Ib/feer’

7, 530 3
p=py—2=0075————= 0048 Ib/fect
-y 460 + 370
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Exhaust Flow Rate:

The required exhaust rate is then calculated using the calculated plume mass flow rate
and densities with Equation (9-4) in Section 909.8.2 of the SBC.

V = Exhaust rate in cfin

m = Mass flow rate =49 [b/second
p = Density of smoke at 370 °F = 0.048 lb/ﬁze1‘3
m 49

V = 60— = 60 —— = 60,000 ¢fin (Equation 6.4)
p 0.048

An exhaust volume of 75,000 cfm was selected to provide conservative performance.

B. Egress (Smoke Layer at South Red Zone Lounge and Interior Corridor)

a. An FDS simulation was performed to determine if the proposed mechanical smoke
exhaust system in the Executive Suites area would maintain tenable conditions. Those

results are presented here.
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Make Up Air

Where mechanical exhaust operation extracts air from the stadium a source of make-up air must be
provided. Make-up air is not necessary when the bowl volume is used as a passive reservoir for
the products of combustion to disperse into without being extracted from the building. In smaller
spaces which are not directly connected to the large bowl volume in a way that would allow natural
ventilation make-up air will be drawn into the stadium by way of exterior doors that will be opened
when a mechanical smoke exhaust system is activated.

The below grade truck dock is accessed by a large ramp which slopes down and is enclosed and
sealed from inclement conditions by two large over head doors in series. Additionally, the interior of
the truck dock is connected to the bowl volume at the Event Level through a large vomitory that can
be closed off with another overhead door. While in Truck Dock Smoke Exhaust evacuation mode,
make-up air will be provide from the bowl though the large vomitory to the Field in the open volume
and through infiltration from surrounding spaces.

In addition to the truck dock make-up air, additional outside air will be provided through powered man
doors on the Main Concourse level.

SECIOR 16

| [SECTOR 15

Locations of Powered

Maka-up Alr Dodts £
e 3 B i
i . g it

* | Isecror 03
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Summary of Results for Mechanical Ventilation

The following table summarizes the design parameters for the smoke exhaust systems required for
the Stadium. Note that exhaust quantities typically exceed the minimum required calculations to

vrovide a factor of safety for calculations and installations.
Activation Time from
(Sprinklers or | Make-up Air | Detection Smoke
Space Exhaust (cfm) Smoke Suply to Full Temperature
Detection) Exhaust
Field Passive Bowl N/A N/A N/A N/A
Volume
Truck Dock
. Ext. Door, o
Truck Dock 175,000 Sprinklers Elephant 90 seconds 212°F
Vom.
Sideline Club 80,000 Sprinklers ng'mry 90 seconds 212°F
00rs.
South Loop . Corriodor o
Corridor 80,000 Sprinklers Doors. 90 seconds 212°F
Red Zone 80,000 each
Lounge southeast and Sprinklers Bow! volume | 90 seconds 212°F
South* southwest
Executive 1,000 cfm Man doors
Suite Level exhaust every 30 Sprinklers to Bow! 90 seconds 212°F
feet of corridor volume
Lower Club Man doors
Lounge South 80,000 Sprinklers to Bowl 90 seconds 212°F
9 volume
Lower Club
Concourse 80,000 Sprinklers Man dogrs 90 seconds 212°F
to exterior
South
Red Zone 75,000 each
Lounge, northeast and Sprinklers Bowl volume | 90 seconds 212°F
North* northwest
Lower Club Man doors
Level North 80,000 Sprinkiers to Bowl 90 seconds 212°F
volume
Passive Bowl
Volume, with . .
Main 80,000 ofm per | SPrinklers with )
. o smoke detector | Bowl volume | 90 seconds 212°F
Concourse each sideline supplementation
' zone mechanical pp
supplementation
Lower Passive Bowl! N/A N/A N/A N/A
Seating Bowl Volume
Upper Passive Bowl Sprinklers Bowi volume | 90 seconds 212°F
Concourse* Volume
HKS 16246.000
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Upper Passive Bowl
Seating Bowl Volume N/A N/A N/A N/A
*Will vent into the Bowl Volume.
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18. Conclusion

This report documents Smoke-Protected Approaches for Life Safety in the new Minnesota
Multipurpose Stadium. The Minnesota State Building Code which is based on the 2006
International Building Code (IBC) defines Smoke-Protected Assembly Seating as seating served by
means of egress that is not subject to smoke accumulation within or under a structure.

This report demonstrates that the field, the seating bowl, upper concourse and most of the main
concourse are smoke-protected by natural ventilation and that the Executive suite, Red Zones and
lower club levels are smoke-protected by mechanical ventilation.
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Background

\

The Fire Dynamics Simulator (FDS) is computer program published by the National Institute of
Standards and Technology (NIST) a US governmental agency. FDS solves conservation of mass,
momentum and energy equations iteratively in a three-dimensional computational domain. Results
can be tabulated, graphed or viewed in Smokeview — another NIST computer program that shows
the three-dimensional domain and animates the results.

Tenability

Predicted tenability conditions are monitored at the different locations in the building space and
recorded. Those devices are sensors which measure carbon dioxide, carbon monoxide, oxygen,
temperature and visibility. The visibility recorded by FDS for these simulations is to an illuminated
EXIT sign. The values are shown in for these location of this report and presented in the form of

graphs.

The safe levels of the tenability parameters are shown below. Based on values cited in literature,
the limits given below are used as tenability criteria for this analysis.
Table Tenability Criteria

BUILDING CODE NARRATIVE

2014-05-02

Tenability Temperature Oxygen Carbon Dioxide Carbon Visibility (ft)
Parameters (°F) (% vol) (% vol) Monoxide (ppm)
Acceptable Maximum 140° Greater than Maximum Maximum 1,400 30 feet
limits F (60°C) 12% for less 60,000 ppm ppm  (0.14%) minimum
exposure less than 30 (6%) exposure | exposure less | visibility for
than 30 minutes; Initial | for less than 30 | than 30 turn back.
minutes. (2) oxygen minutes. (1) minutes. (1) 3)
percentage of
airis 21%. (1)
REFERENCES
1. Toxicity Assessment of Combustion Products, SFPE Handbook of Fire Protection Engineering, Third Edition, 2002; Table
2-6B(a); p.2-165.
2. Toxicity Assessment of Combustion Products, SFPE Handbook of Fire Protection Engineering, Third Edition, 2002; Table
2-6.19; p2-129.
3. Hazard Calculation, SFPE Handbook of Fire Protection Engineering, Third Edition, 2002; Table 3-12.20; p3-334.
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Testing — Smoke Bombs
The State Building Code requires component testing.

7

Smoke bomb tests do not provide the heat, buoyancy, and
entrainment of a real fire and are not usefitl in evaluatng the real
performance of the system. Asystem designed in accordance with
this docuinent and capable of providing the intended smoke
managenient might not pass smoke bomb tests, Conversely, it is
possible for a system that is incapable of providing the intended
smoke management to pass smoke bomb tests. Becawse of the
impracticality of conducting real fire (ests, the acceptance tests

described in this document are directed 1o those aspects of

sthoke management systems that can be verified,

- e

ICC Guide to Smoke Control in the 2006 IBC

Smoke bombs are not required by the State Building Code, the IBC nor NFPA 92B as per the
following excerpts.

Real smoke and artificial smoke must not be used for acceptance testing of smoke
control systems with the exception of tracer testing. Autificial smoke can be produced
by smoke bombs or other kinds of smoke gencrators, and it almost always lacks the
buoyancy of smoke from the design fire. Smoke control systems do not perform as
intended when subjected to such artificial smoke. Testing with smoke can only be
realistic when the fire is the design fire, and this typically has unacceptable risks to life
and property. If artificial smoke is heated to the temperature of the design smoke, the
danger 1o life and property is the same as that from the design fire. Acceptance testing

is required by Section 909.18 of the IBC which is discussed in this chapter,

IBC (2012) Commentary

3

o=l —athic-6 Note that the test does
actually place smoke into the space and demon-

Q

n

“strate the smoke layer interface location, Instead, the

testing is focused on all the elements of the design
such as airflow and duct closure as prescribed by the
specific design.
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21. Smoke Control Special Inspection Testing Procedures
l.  Background On Building

A. General
The Minnesota Multi-Purpose Stadium has been constructed under the 2006 [BC with the
State of Minnesota amendments.

B. Smoke Protected Exiting
The Minnesota Multi-Purpose Stadium is utilizing smoke protected assembly exit factors.
Some areas utilized natural venting and some areas require mechanical ventilation.

C. Stair Pressurization
Stair pressurization is utilized to maintain a smoke free environment to the exit discharge.

D. Elevator Pressurization

Elevator Hoistway Pressurization is required for elevators as elevator lobbies have not
been provided.

II.  Smoke Control Special Inspection Testing Procedures

A. General
1. All devices and total system tested must operate correctly in each of the following
modes:

a. Normal Power

b. Stand By power

¢. Manual override (all components of the smoke control system must be
capable of being manually overridden by the Fire Fighter's Smoke
Control Panel). '

2. Testing shall be performed by the subcontractor and witnessed by the special
inspector and witnessed by a representative of the City of Minneapolis.

3. Test and balance report approved by the engineer of record shall be provided to
the special inspector and to City of Minneapolis

4. \When testing as a system, the intent is for the correct sequence of operations to
occur. The IBC (section 909.18.8.1) does not require the use of test smoke
through smoke bombs or canned smoke as supported by the “ICC Guide to
Smoke Control in the 2006 IBC”. In addition, the following publications do not
recommend the use of canned smoke tests for the reasons that misleading and
false results are produced.

> “The SFPE Handbook of Fire Protection Engineering” (Third Addition, pg 4-
290)

> The “ASHRAE Applications” on Fire and Smoke Management (2007
Addition, pg 52.17) '

> “Principles of Smoke Management” (John H. Klote, James A. Milke, 2002, pg
237)

5. All testing shall be performed with all stair shafts pressurization systems
activated. Individual zone smoke control systems shall be activated for testing.
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B. Component Testing

The following tests will be performed for all components of the smoke control system:
1.  Duct leakage test:

2.  System Test and Balancing

3. Functional test: all components shall be tested to ensure that each is working

properly.

C. List Of Components For Testing:

The following list of equipment and controls is required to be installed for testing of

the stair pressurization system:

Fire Fighter's Smoke Control Panel (verify UUKL listing)

Sprinkler flow switches

Ceiling smoke detectors

Duct smoke detectors

Pull stations

Emergency power source

Stair pressurization fans (check correct rotation, measure voltage, amperage,

rpm, and belt tension and number of belts)

8. Smoke exhaust fans (check correct rotation, measure voltage, amperage, rpm,
and belt tension and number of belts)

9. Any duct dampers required for smoke exhaust

10. Make up air intake for smoke exhaust

11. Static Pressure Indicators

12. Stairway Doors

Noohkwh

ll. Smoke Exhaust Systems
A. Equipment and System Test
Functional test: all components shall be tested to ensure that each is working
properly. List of components and systems to be tested:

1. Activation is required to be by smoke detectors at areas requiring smoke
detectors

The stair pressurization fans shall be activated as per the following on normal
power then with emergency power already on.

a. Smoke detectors — Required

b. Sprinkler water flow is activated — Required

¢. Pull station/ manual activation — Required

Activation Method Normal Comments
Power

Smoke detectors

Sprinkler water flow

Pull station/ manual

2. Verify multiple alarms do not reset the system

a. Start the smoke exhaust system by activating the sprinkler water flow switch.
Visually verify operation of mechanical equipment.

b. Start the smoke exhaust system by activating a pull station. Visually verify
operation of mechanical equipment.
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c. Verify a second alarm doesn'’t reset the system.

d. Visually verify operation of mechanical equipment.

e. Stop system.
3. Verify all manual controls are able to shut system down while in alarm mode.
4. Verify the system is able to run for 20 min (909.4.6)
5. Verify all make up air vents open in all modes.

IV. Stair Pressurization
A. Equipment and System Test
Functional test: all components shall be tested to ensure that each is working

properly. List of components and systems to be tested:

6. Pressurization equipment, fans and shafts are required to be separated by 2 hour
construction (Section 909.20.2 and 909.20.6.1).

7. Verify system operation using all manual controls — all fans will turn on.

8. Activation is required to be by smoke detectors at an approved location to the
stair doors (Section 909.20.6).

The stair pressurization fans shall be activated as per the following on normal
power then with emergency power already on.
d. smoke detectors — Required

The stair pressurization fans are not required to be activated as per the following
on normal power but shall be tested if other building fire alarm system activates
the fans.

e. Sprinkler water flow is activated — Optional

f.  Pull station/ manual activation — Optional

Activation Method Normal Comments
9. V Power

€Smoke detectors

"
i Sprinkler water flow - Optional

quII station/ manual - Optional

multiple alarms do not reset the system

f.  Start the stair pressurization system by supplying test smoke at one random
detector outside the stair. Visually verify operation of mechanical equipment.

g. Start the stair pressurization system by supplying test smoke at a second
random detector outside the stair. Visually verify operation of mechanical
equipment.

h. Verify second alarm doesn’t reset the system.
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i. Visually verify operation of mechanical equipment.
j. Stop system.
Verify all manual controls are able to shut system down while in alarm mode.
10. Verify the system is able to run for 20 min (909.4.6)

B. When the stair pressurization fans activate:
1. All stairwell doors must close, latch, and unlock.

2. Observe any dampers that open or close on the panel and visually.

3.  The stair enclosures shall be tested to ensure proper pressurization levels

between a minimum of 0.15 and a maximum of 0.35 inches water with all doors
closed.

4. The doors into the stair enclosures shall be pull tested to ensure the following
properties of the door.
a) Doors are able to latch without fans on.
b) A maximum of 30 pounds of force to set the door in motion and
¢) Swing to a fully open position with a maximum force of 15 pounds.
d) Panic and Fire Exit hardware shall have a maximum unlatching force of 15
Ibs.
e) Doors are able to latch with fans on.

5. The exit discharge doors from the stair enclosures to the out side shall be pull
tested to ensure the following properties of the door;
a) Doors are able to latch without fans on.
b) A maximum of 30 pounds of force to set the door in motion and
¢) Swing to a fully open position with a maximum force of 15 pounds.
d) Panic and Fire Exit hardware shall have a maximum unlatching force of 15
Ibs.
e} Doors are able to latch with fans on.

Level | Stair____ Stair Stair___ Comments

Measured Measured Measured
Pressure Pressure Pressure
(inch wc) (inch wc (inch wc)

1

2

3

4

5
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Sequence Of Operations
] Sequence verified by Special Inspector
V. Additional Testing: Standby Power System

A. Equipment and System Test
List of components and systems to be tested:

1. Transfer Switch: Verify the transfer switch is located in a room conforming to IBC

909.11.

[] Standby power and its transfer switches are required to be in a separate
room from the normal power and constructed of not less than 2 hr fire
barriers.

] Ventilated directly to the exterior of the building.

2. Normal power mode then stand by power mode (transfer to stand by must be
automatic and take place within 60 seconds of loss of primary power 909.11).

3. Generator Start: With the smoke control system off, start the standby power
system by discontinuing power at the main building disconnect.

4. Stair Shaft Pressurization: Manually start stair shaft pressurization systems and
verify all equipment is operational by standby power.

If VFDs are present:

5. Verify stair fans work on generator and insure stay working when generator
starts. Pressurization fans with VFD’s sometimes do not restart with power loss.

8. VFD Alarm: Verify VFD switch doesn’t override smoke panel, without causing an
Alarm.

7. The stair pressurization fans shall be activated as per the following on normal
power then with Stand By power already on.
a. FElevator lobby smoke detectors — Required

The stair pressurization fans are not required to be activated as per the following
on Stand By power but shall be tested if other building fire alarm systems activate
the fans.

b. Sprinkler water flow is activated — Optional
¢. Pull station/ manual activation — Optional

Activation Method Normal Comments
Power

Smoke detectors

Sprinkler water flow -Optional

Pull station/ manual - Optional

END
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