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EXECUTIVE SUMMARY

This report evaluates the life safety features of the HCC San Jacinto Building (SJB) both
prescriptively and on a performance basis. The goal is to present the building code
requirements for the HCC San Jacinto building and determine if the design is in
compliance, as well as analyze the building on the basis of performance criteria to
determine if there are any excessive threats to life safety.

The building is designed in compliance with the Houston Building Code, and takes
advantage of lesser requirements for existing features. The performance section
determines that based on fire and egress modeling, that while prescriptively the
auditorium balcony is permitted to remain unchanged, the number of seats in the
balcony should be reduced to comply with the requirements for new construction. Other
alternatives are discussed, but this report recommends reducing the number of seats in
the balcony.
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PROJECT DESCRIPTION

The San Jacinto Building was originally constructed in 1914 as a junior high school. In
1927, Houston Junior College (now the University of Houston) began using the facility at
night, which prompted the first of many expansions to follow. Eventually the Houston
Community College system acquired the building in 1988.

As it stands now, the SJB is 3 stories and approximately 155,000 sq. ft. in area with a
first floor footprint of approximately 64,000 sq. ft. The building currently lies vacant for
the renovations, but upon completion will be used for college classes and extracurricular
activities. Notable architectural features include the original gym bleachers, classic
green terrazzo flooring, the large auditorium balcony, and three unenclosed
communicating stairs.

The project itself is a “gut and remodel” where as much of the existing structure will
remain as possible, but the intent is to reprogram the building and change interior,
nonbearing partitions. The intended interior layout is shown in Appendix A. The
building’s fire alarm and sprinkler systems are aged and have not been maintained well,
so as part of the design, the fire alarm and sprinkler systems will be completely
replaced.

APPLICABLE CODES AND STANDARDS

The project lies within the city limits of Houston, TX. Therefore, the project is subject to
the Houston Building Code (HBC), based on the 2006 International Building Code,
including City of Houston Amendments, and the Houston Fire Code (HFC), based on
the 2006 International Fire Code, including City of Houston Amendments. The
construction/operation of the building is also subject to the Fire Department Life Safety
Bureaus (LSBs). The LSBs have been adopted and enforced by the city fire marshal.
They have not been voted on by elected officials, and they lie in a legal grey area, but
they are still enforced. The LSBs cover the following topics:

1 - Fire Extinguishers

2 - Inspection and Testing of Fire Protection and Life Safety Equipment
3 - Fire Dept Access

4 - Access Gates

5 - Key Boxes/Electric Fence Registration

6 - Fire Depository Boxes

7 - High Rise Fire Safety Plans



8 - Fire Dirills

9 - Marking of Fire Hydrants

10 - LP Gas and Open Flame Use

11 - Roofing Operations

12 - Fireworks Displays

13 - Outside Protected Aboveground Tanks for Generators and Fire Pumps
14 - Unattended Service Stations

15 - Mobile Refueling and Wet Hosing

16 - Open Burning and Recreational Fires

17 - Tire Chipping

18 - High-Rise Fire Safety Plan Approval

19 - Raw Wood Waste Processing

22 - Tents and Other Membrane Structures

23 -Mid-Rise Atrium Plan Approval

25 - Safety Inspections for Vehicles on Display Indoors effective

*LSBs 20 and 21 have been specifically rescinded by city council order.

The HBC has also modified the reference documents. The relevant NFPA reference
documents are as follows:

2007 edition of NFPA 13: Installation of Sprinkler Systems
2007 edition of NFPA 14: Installation of Standpipe and Hose System
2007 edition of NFPA 72: National Fire Alarm and Signaling Code

Houston has also removed all references to accessibility requirements in the HBC, and
defers to the Texas Accessibility Standards (TAS), thereby pushing responsibility for
reviewing for accessibility to the Texas Department of Licensing and Regulation.

Texas (Title 28 834.607) states that where NFPA 101 applies where a local jurisdiction
has not adopted a building code. NFPA 101 is not applicable to this project as the city of
Houston has adopted a building code.



PRESCRIPTIVE REQUIREMENTS

EXISTING vs NEW
The scope of the HBC reads as follows:

The provisions of this code shall apply to the construction, alteration, movement,
enlargement, replacement, repair, equipment, use and occupancy, location,
maintenance, removal and demolition of every building or structure or any
appurtenances connected or attached to such buildings or structures except work
located primarily in a public way, public utility towers and poles, mechanical
equipment not specifically regulated in this code, and hydraulic flood control
structures.

Wherever changes are made to a building, the HBC applies. Existing features are not
required to be brought into compliance except in very specific situations.

To address existing, potentially dangerous features, Houston has added “Appendix L” to
the HBC. Appendix L provides some base criteria that all buildings must meet unless
they have historical designation, and this appendix covers items such as structural
stability, guard rails, shaft enclosure, and sprinklers.

The City of Houston has not adopted an existing building code. They remedy this by
heavily amending Ch. 34 of the base International Building Code. The charging
language of Ch. 34 reads as follows:

When allowed. Additions, alterations or repairs may be made to any building or
structure without requiring the existing building or structure to comply with all the
requirements of this code, provided the addition, alteration or repair conforms to
those required for a new building or structure.

Additions or alterations shall not be made to an existing building or structure that
will cause the existing building or structure to be in violation of any of the
provisions of this code, and such additions or alterations shall not cause the
existing building or structure to become unsafe. An unsafe condition shall be
deemed to have been created if an addition or alteration will cause the existing
building or structure to become structurally unsafe or overloaded, will not provide
adequate egress in compliance with the provisions of this code or will obstruct
existing exits, will create a fire hazard, will reduce required fire resistance, or will
otherwise create conditions dangerous to human life. Any building so altered,
which involves a change in use or occupancy, shall not exceed the height,
number of stories and area permitted for new buildings. Any building plus new
additions shall not exceed the height, number of stories and area specified for
new buildings.



Additions or alterations shall not be made to an existing building or structure
when such existing building or structure is not in full compliance with the
provisions of this code except when such addition or alteration will result in the
existing building or structure being no more hazardous based on life safety, fire
safety and sanitation, than before such additions or alterations are undertaken.
(See also Section 415.8 for Group H-5 occupancies.)

The section is convoluted and verbose, but the intent is that existing features are
permitted to remain (so long as they comply with Appendix L), new construction must
meet the requirements for new construction, and new construction must not reduce the
level of life safety in the existing building.

As permitted, the HCC San Jac. design takes advantage of some of the requirements
for existing construction.

OCCUPANCIES/CONSTRUCTION

OCCUPANCIES PRESENT
Occupancies are the basis for many of the code requirements in the HBC.

SJB contains the typical functions one would expect in the community college. The uses
of the space are shown in the left column of Table 1, and the corresponding occupancy
groups are shown on the right.

TABLE 1: OCCUPANCIES

Use Occupancy Group
Theater/Auditorium Group A-1
Gymnasium Group A-3
Indoor basketball court Group A-4
Offices/Classrooms Group B
Storage/MEP S-2/F-2(Accessory)

An early concept for the occupancy of one of the spaces is shown below in Figure 1.



FIGURE 1: STUDY LOUNGE CONCEPT

CONSTRUCTION TYPE/AREA LIMITATIONS

HBC Section 503.1 Requires buildings to comply with the limits of Table 503.1 with
respect to height, area, and number of stories.

HBC Section 508.3.2 permits multiple occupancies to not be separated from each other,
provided that the most restrictive requirements from Section 403 (high rise) and Ch. 9
(fire protection systems) apply throughout the building. It also limits the maximum
allowable area to that of the most restrictive of the non-separated occupancies. The
floor areas of the building are shown below:

The floor areas for the building are as follows:
Level1 64,000 sq. ft.
Level 2 44,000 sq. ft.
Level 3 46,500 sq. ft.
Total 154,500 sq. ft.

The maximum floor areas and number of stories for the building as permitted for Type
lIA construction in HBC Table 503 are as follows:

A-1 15,500 sq. ft. 3 stories
A-3 15,500 sq. ft. 3 stories
A-4 15,500 sq. ft. 3 stories
B 37,500 sq. ft. 4 stories

Note: these values do not include increases for sprinklering or frontage
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Group A-1 is the most restrictive occupancy type; therefore, the construction type must
comply with the requirements for Group A-1.

HBC Section 506.3 permits an increase in the permissible floor area by 200% when the
building is sprinklered throughout with a supervised, NFPA 13 sprinkler system. This
increases the allowable floor area to 46,500 sq. ft. Even including the maximum
increase based on having full frontage (75%), the maximum allowable floor area for
Type IlA construction is 58,125 sq. ft. The first floor area exceeds this, so for new
construction, the building must be Type IB construction.

Groups F, M, and S are not included in these calculations. HBC Section 508.3.1 permits
accessory occupancies less than 10% of the floor area to be treated as part of the
dominant occupancy with respect to height and area calculations.

However, the building is not new construction. As previously mentioned, as much of the
structure is being maintained as possible. Based on the requirements of the HBC, the
construction type is not required to be upgraded except when occupancies are changed
or area/stories are added to the building — basically when the building is required to
apply for a new Certificate of Occupancy or Life Safety Certificate. Since the building
has an active Certificate of Life Safety, and the occupancy of the building is not
changing, the structure is permitted to remain as Type IIB construction. Repairs to the
structure do not require an upgrade in construction type.

CONSTRUCTION REQUIREMENTS

HBC Table 601 establishes the structural rating requirements for construction. The
requirements for Type IIB construction (non-rated, noncombustible) are as follows:

Structural Frame 0-hr
Floor construction 0-hr
Roof construction 0-hr
Exterior bearing walls 0-hr
Interior bearing walls 0-hr

Building structural elements are not required to be provided with a fire protection rating
in Type 1IB construction.

Exterior walls have rating requirements also based on the fire separation distance from
the building to an interior lot line. The exterior rating requirements (note: table is
modified by Houston amendments) for a Type 1B, Group A-1 building from HBC Table
602 are as follows:

Less than 5 ft. to property line 1-hour

5 ft. or greater to property line 0-hour
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At least 20 ft. of frontage is provided around the building, as is shown in Figure 2 below.
Also, as the building’s exterior/structure is to remain, the exterior walls are not required
to be brought up, even if new construction required them to be upgraded.

B, W

FIGURE 2: “SATELLITE” VIEW OF SAN JACINTO BUILDING

Stairs used as exits and shafts are required to be rated 1-hours. This 1-hour rating is to
be determined in accordance with ASTM E 119. The central stair is permitted to remain
open because it is an existing condition, but also because it is a convenience stair (not
used in the means of egress) and only connects three stories. Doors in 1-hour fire
barriers (like hazardous rooms) are required to be rated for 45 minutes, but openings in
shafts/stair ratings are required to be rated for 60 minutes.

CONCLUSION

The HBC permits SJB to remain as Type [IB construction, and the only fire barriers
provided in this building are around shafts, stairs, and hazardous rooms. There are very
few fire rated elements provided in the building design.

INTERIOR FINISHES

The interior finishes are mostly being replaced, and new finishes must meet the
requirements for new construction. The wall and ceiling interior finish requirements for
sprinklered occupancies are shown below in Table 2:
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TABLE 2:INTERIOR FINISH REQUIREMENTS

Group Exits Corridors Rooms
Group A B B C
Group B/M B C C
Group F/S C C C

“B” and “C” correspond to interior finish testing criteria. A finish is considered Class B if
it has a flame spread of 26-75, and Class C if the flame spread is 76-200. Both must
have a smoke developed rating of less than 450. These ratings are determined in
accordance with ASTM E 84 testing criteria.

Most of the interior finishes are lay-in panel ceiling and paint on the walls, so complying
with these requirements is not difficult.

MEANS OF EGRESS

OcCCUPANT LoAD, CAPACITIES, AND ARRANGEMENT

Occupant loads can be determined based on the function of the room. Table 3 below
shows relevant occupant load factors taken from HBC Table 1004.1

TABLE 3: OCCUPANCY LOAD FACTORS

FLOOR AREA IN
SQ. FT. PER
FUNCTION OF SPACE OCCUPANT
A
ccessqry storage areas, 300 gross
mechanical equipment room
Assembly with fixed seats 1 seat per occupant
Assembly without fixed seats
C_:oncentrated (chairs only-not 7 net
fixed)
Standing space 5 net
Unc_oncentrated (tables and 15 net
chairs)
Business areas 100 gross
Educational
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Classroom area 20 net
grhe%p;s and other vocational room 50 net
Exercise rooms 50 gross

Library
Reading rooms 50 net
Stack area 100 gross
Locker rooms 50 gross
Mercantile 30 gross
Stages and platforms 15 net

By using the factors in Table 3, multiplied by the area of the room, this gives an
estimated occupant load. Adequate egress is required to be provided based on the
occupant load of the area. Note that this is based on the “function” of the space, not the
occupancy.

HBC Table 1005.1 requires 0.2 in per occupant to be provided for egress components
other than stairs, and 0.3in per occupant to be provided for stairs.

Based on the information above, Table 4 shows the occupant loads of each floor with
associated egress capacity and exits. Specific exit locations and capacities are shown
in the building layout in Appendix B.

TABLE 4: OCCUPANT LOAD, CAPACITY, AND NUMBER OF EXITS

Floor Occupant Load Egress Capacity Number of exits
First floor 1997 3053 15
Third floor 616 1040 6

Note that the second floor is over capacity. The balcony is located on the third floor, but
is provided with exit access stairs which lead to required exits on the second floor, so
the balcony is included in the 2" floor numbers. The balcony contains 502 fixed seats
and is provided with two 40 in. stairs with 36 in. doors. These exit access stairs limit the
permitted occupant load on the balcony to 266 occupants. 236 seats would have to be
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removed from the balcony if it were required to comply with the requirements for new
construction. However, the seats are existing, so they are permitted to remain.

ARRANGEMENT AND FEATURES OF THE MEANS OF EGRESS
The HBC defines the means of egress as follows:

A continuous and unobstructed path of vertical and horizontal egress travel from
any occupied portion of a building or structure to a public way. A means of
egress consists of three separate and distinct parts: the exit access, the exit and
the exit discharge.

Exit access is the portion of the means of egress which starts from any point in an area,
and ends at an exit. Specific means of egress components (stair enclosures, horizontal
exits, exit passageways) are specifically designated as exits, which affect many of the
means of egress requirements. The exit discharge is the portion of egress once an
occupant leaves an exit until the occupant reaches the public way.

Exit access is mostly regulated by two concepts: travel distance and redundancy. It sets
the following limits on exit access based on occupancies as shown in Table 5:

TABLE 5: EXIT ACCESS TRAVEL DISTANCE

WITH
SPRINKLER
SYSTEM
OCCUPANCY (feet)
A M, S-1 250
B 300
F-2,S-2, U 400

This is the maximum distance permitted from any point in an occupancy to an exit. As
this building is predominantly a Group B occupancy, most places must be within 300 ft.
of travel distance. Originally, the building contained three open stairs, but in order to
meet travel distance limits, two stairs were designed to be enclosed in rated
construction to be considered exit stairs.

The exit access must be designed to meet other requirements as well. The common
path of travel must be limited to 75 ft. (100 ft. in sprinklered Group B/F/S). This is the
maximum distance an occupant is permitted to travel before having a choice between
two remote paths. Remote is defined as being 1/3 the diagonal of the space in a
sprinklered facility.
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Exit access must be arranged so that there are no dead end corridors which exceed 20
ft. (50 ft. for Group B/F occupancies). By definition corridors must lead to two exits, so
where a corridor ends not at an exit, this distance must be limited so that an occupant
does not waste time going in the wrong direction.

Exit access and exits are required to be marked by exit signs. Any place which requires
two means of exit access, or where the arrangement might be confusing is required to
have an exit sign. Corridors are required to have all points be within 100 ft. travel
distance from an exit sign. This is an important distinction. The signs do not have to be
visible down the entire length of the corridor, and if spaced perfectly, exit signs are
permitted to have 200 ft. in-between installations.

SJB does not contain horizontal exits or exit passageways. It contains exit stairs and

exit doors. The stairs are positioned strategically at the ends of the wings of the facility,
with two located closer to the center as well. Below in Figure 3, the main central stair is
shown. Note that this stair is not enclosed, and is therefore not considered an exit stair.

FIGURE 3: COMMUNICATING STAIR

All stairs in the means of egress (not just exit stairs) are required to have risers of
between 7 in. and 4 in. high and treads no less than 11 in. All exit stairs are required to
be at least 44 in. wide as they serve occupant loads of 50 or greater. If they served less
than 50 occupants, then they would be permitted to be as narrow as 36" wide.

All of the exit stairs discharge directly to the exterior to paved surfaces which lead
through parking lots/walkways to publicly deeded streets. Both interior and exterior
means of egress must be lit under all conditions. During regular conditions, the means
of egress must be lit to provide an average of 1 ft. candle across the path, with no spot
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less than .1 ft.-candle. If normal power is interrupted, emergency power must be
provided for a duration of not less than 90 minutes, where the light levels are permitted
to be reduced to 0.6 and 0.06 ft.-candles respectively.

AUDITORIUM REQUIREMENTS

Auditoriums, specifically those with stages, have special requirements in Ch. 4 of the
HBC. The stage is less than 50 ft. high, so a rated proscenium/fire curtain is not
required. Set materials and scenery on the stage are required to comply with NFPA
701, but this is not very enforceable, unless the local AHJ is very involved. Where
stages are greater than 1,000 sq. ft. in area, which this stage is, ventilation is required.
Ventilation must be provided in the form of smoke control, or two smoke vents that
comprise 5% of the stage area. No additional requirements, such as the activation time
or mechanism, are stated for the vents. These vents are not required in the auditorium,
as the auditorium and stage are an existing condition. If the stage/auditorium
construction were new, these vents would be required. However, they would be
ineffective as shown later in the report.

As the stage is greater than 1,000 sq. ft. in area, a 1%-inch hose connection must be
installed in accordance with NFPA 13 or in accordance with NFPA 14 for Class Il or Il
standpipes. This requirement is specifically addressed in the suppression section of this
report. As the combined sprinkler/standpipe system is new, these hose connections are
included in the building design.

Ch. 10 has additional requirements for egress spaces, such as for main entrances and
aisle arrangements based on whether or not smoke-protected seating is provided, but
as the seating arrangement is existing, the auditorium is not required to comply with
these provisions.

CONCLUSION

The arrangement of the means of egress of the SJB complies with the HBC. The
capacity of egress does not necessarily comply with the requirements for new
construction, but the balcony is an existing condition that will be analyzed later in this
report.

SPRINKLER/STANDPIPE SYSTEM

HBC Section 903.2.1.1 requires an automatic sprinkler system to be installed in Group
A-1 occupancies with an occupant load of 300 or more. As this building is designed as
mixed-use, non-separated, this requirement applies throughout the building and
sprinklers must be installed in all accessible areas.

HBC Section 905.3.1 requires standpipes where an occupiable floor is more than 30 ft.
above grade plane. Class | Standpipes must be provided in every required exit stair and
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Class Il standpipes must be provided for the stage as it exceeds 1,000 sq. ft. This
section will document the requirements for the design of the combined
sprinkler/standpipe system.

BUILDING WATER SUPPLY INFORMATION

The first step in designing the sprinkler/standpipe system is to determine if the system
has adequate pressure and flow. A flow test is the typical way to determine what water
supplies a system can pull from a city line.

Attached in Appendix C is the flow test data from a nearby building, which is likely
similar to the flow test for this building. The supply data is shown in blue in Figure 4 and
is as follows:

Outlet diameter: 2.510n.
Static Pressure: 64 psi
Residual Pressure: 58 psi.

Flow: 1,126 gpm

CONTRACT NAME: NO
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HBC Section 908.1 does not permit fire pumps to pull directly on city lines. When using
a fire pump, a break tank must be installed. As the tank is usually installed at ground
level, the system loses lose any potential pressure it might gain from the city supply if a
pump is required. This ensures that whenever the city line does not provide adequate
pressure/flow (such as when a standpipe system is installed) a break tank must be
installed and the system requires an even larger pump.

HAZARD CLASSIFICATIONS

As a school, high hazard locations are not expected in this building. The building is
comprised of light and ordinary hazard 1 compartments. The drawing showing hazard
classifications is located in Appendix D. Classrooms, the auditorium, the gym, and
similar rooms are classified as light hazard occupancies (pink). Storage, electrical, and
mechanical rooms are designated ordinary hazard 1 occupancies (blue) as expected
guantities of storage will remain below 8 ft. high and be primarily Class | and Il
commodities stored on shelves. The sprinkler system design criteria for these areas are
as follows:

Light Hazard:

Design area — 900 sq. ft. (1500 base with 40% reduction from quick response
sprinklers)

Density - .10 gpm/sq. ft.
Maximum coverage per sprinkler — 225 sq. ft.
Ordinary Hazard 1:

Design Area — 900 sq. ft. (1500 base with 40% reduction from quick response
sprinklers)

Density - .15 gpm/sq. ft.
Maximum coverage per sprinkler — 130 sq. ft.
The standpipe demand criteria are as follows:

100 psi at the hose connections (NFPA 14 7.8.1) with a total flow of 1000 gpm
(NFPA 14 Section 7.10.1.1.4 for 4 or more standpipes). Each standpipe must be
capable of providing 250 gpm at the hose connection.

NFPA 14 Section 7.10.1.3.1.2 does not require a separate sprinkler demand so
whichever is more demanding (the sprinkler system plus 250gpm from the hose
or the standpipe system) is required.

Typically, the standpipe system is more demanding, but the next section will document
this.
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SYSTEM DESIGN

In Appendix E is a schematic layout of the sprinkler system. Branch lines, mains, and
cross mains are shown in green; and standpipe risers and valves are shown in red. The
design for this building was shelved after the schematic design phase and as such,
professional sprinkler shop drawings were never created. In the appendix is a rough,
schematic outline of a potential “tree” sprinkler system for the building. As this was
created in AutoCAD and not Autosprink or HASS, the pipe measurements are not exact.
Exact measurements are included for the specific components related to the calculation
of demand in Appendix F. Generally, sprinkler branch lines will be 1 in. and will feed into
2 in. lines which will feed into large 4 in. main systems which are located the main
corridors. These 4 in. mains will feed into 4 in. standpipes which are fed from the pump
by 4 in. horizontal risers.

The blue line in Appendix E denotes the rough separation between the two sprinkler
zones.

Sprinklers used throughout will be ordinary temperature, quick response,
pendant/upright sprinklers, with a 5.6 k factor. An example is included in Appendix G.

Sprinkler piping is black steel schedule 40 and exact pipe sizes are shown in
calculations table in Appendix F.

As Houston is not located in a seismic zone, pipe bracing is not required.

SYSTEM REQUIREMENTS

The sprinkler system is designed to meet the flow and pressure demands of the most
hydraulically remote area. The calculations for the most remote design area are shown
in Appendix F along with the design area.

As mentioned previously, the design area is a 900 sq. ft. rectangle located in the
auditorium. The dimensions are 36 ft. along the branch line and 25 ft. across the branch
line. This location was picked because is one of the most remote places from a
connecting standpipe and that it is the highest location in the building. The remote
design area is in a light hazard occupancy which may not seem like the most
demanding area; however the .15gpm/sq. ft. OH1 design criteria is likely to be less
demanding than having to push the water up an additional 12 or 24 feet, since the
supply data shows there is plenty of flow.

Sprinklers are labeled as SPRINK in Appendix F, and where sprinkler branch lines
connect to the main is labeled as RN. So RN1 to RN2 is the portion of the pipe from
where one branch connects to where the next branch connects. The main in the corridor
is labeled as MAIN, the top of the riser is labeled TOR, and the bottom of the riser is
labeled BOR.
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The calculated sprinkler system demand is only about 40 psi at 103 gpm. This is not
unexpected. The building is not very tall, the most remote area (auditorium) is light
hazard, and the sprinkler pipes were overdesigned to reduce pipe losses. The city
supply would be able to provide ample pressure and flow for this system, were a
standpipe system not required. The standpipe system requirements and sprinkler
system requirements are separately shown on Figure 4 above. The sprinkler
requirements at the base of the riser do not include the 250 gpm standpipe flow
requirement. Houston does not permit a pump to be designed to use more than 100% of
its rated flow capacity, therefore a 1000 gpm or 1,250 gpm pump capable of putting out
150 psi is required to meet the system demand.

INSPECTION TESTING AND MAINTENANCE

The following table is a list of the inspection, testing, and maintenance requirements for
the fire suppression system components in the building:

TABLE 6: INSPECTIONS, TESTING, AND MAINTENANCE

Control valves Controls valves must be inspected
weekly where sealed or monthly where
locked open or using a tamper switch.
Position and operation valves must be
tested annually, supervisory valve
switches tested semiannually.
Maintenance must be performed
annually.

Waterflow alarm Waterflow devices must be inspected
guarterly. Mechanical devices must be
tested quarterly, vane/pressure
switches must be inspected
semiannually

Supervisory devices Supervisory devices(tamper switch)
must be inspected quarterly

Fire department connections Must be inspected quarterly

Main drains Tested annually unless sole water

supply is through a PV or backflow
preventer, then tested quarterly

Standpipes and hose connections See section after table
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Pipe and fittings Inspected annually

Sprinklers Inspected annually, tested or replaced
at 50 years and every ten years after

(not fast response)

Gauges

Inspected monthly on wet systems,
tested every 5 years

Hydraulic nameplate

Inspected annually

Buildings

Inspected annually, before the first
freeze to determine that systems are
not subject to freezing temperatures

Hangers/Bracing

Inspected annually

Spare sprinklers

Inspected annually

Information sign

Inspected annually

Pipe obstructions

Inspected every five years

Check valves Must be tested every 5 years

Hose connections Inspected annually, tested every 5
years

Hose racks Inspected annually, tested every 5
years

Fire pumps Inspected weekly

Backflow prevention assemblies Inspected monthly when locked or
supervised

Circulation relief Tested annually

Fire pump See below

Standpipes and hose connections have their own set of testing and maintenance
requirements and are as follows:

The hose, hose nozzle, hose storage device, and piping must be inspected
annually. The hose storage device must be tested every year, the hose every 5
years, and a hydrostatic and flow tests must be performed every 5 years. Hoses
connections must have planned maintenance performed every year and valves
must be serviced every year or as needed.
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Fire pumps have their own set of testing and maintenance requirements, which
are as follows:

Pumps system and housing are to be inspected weekly. Diesel engines are to
have the no-flow condition tested weekly, and the flow condition and alarm
signals tested annually. Hydraulic, transmission, and motor maintenance is to be
on an annual basis.

The building owner is ultimately responsible for maintaining the systems, but likely the
actual process will be delegated to a contract firm.

SPRINKLERS IN THE AUDITORIUM

HBC Section 404.3 permits atriums to not be sprinklered, where the height of the atrium
is 55 ft. or greater. The building does not contain an atrium; however, this requirement is
indicative of the height at which sprinklers become ineffective. This will be addressed in

the performance portion of this report.

CONCLUSION:

Overall, the sprinkler system in this building is not very demanding. Were the sprinklers
the only part of the system, the city supply would be able to provide ample flow and
pressure. As is common in the city of Houston, it is the standpipes that drive the system
increase. The city has very little confidence in the water system (based on the number
of leaks during last year’s drought, this concern may be well founded) and as such does
not let fire pumps pull on the mains which means larger pumps are installed in Houston
than in say, Austin or Dallas. The system in this building is a simple wet system and as
such, the inspection and maintenance requirements are routine.

FIRE EXTINGUISHERS

Houston Fire Department LSB 01 requires fire extinguishers to be provided throughout
all Group A and Group B occupancies. Extinguishers with minimum ratings of 2-A, 10-
B:C must be provided for every 3,000 sq. ft. of area in Group A occupancies, and every
6,000 sq. ft. in Group B occupancies. The travel distance to any of these extinguishers
must not exceed 75 ft.

Fire extinguishers are provided in this building design in compliance with the Houston
Fire Code and LSB 01.

FIRE ALARM & MASS NOTIFICATION

Houston Building Code (HBC) Section 907.2.1.1 requires a manual fire alarm system to
be installed in Group A occupancies with an occupant load over 300. Group A
occupancies with occupant loads over 1000 are required to have an emergency
voice/alarm communications system installed. Smoke detectors are not required in the
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building (outside of large ductwork) and are not provided in the design. Manual pulls
stations and waterflow devices are provided to initiate the alarm system and aubidle and
visual notification appliances will be used to notify occupants. Visible notification
devices (strobes) are provided in areas subject to the occupation by the hearing
impaired (generally public or multi-person spaces).

The fire alarm system in the design is a Simplex® 4100U Fire Alarm Control Panel and
will be installed in the electrical room in the East portion of the building as shown in
Appendix J. The system initiates alarm based on input from manual pull stations located
at required exits and from waterflow switches in the sprinkler system.

FIRE ALARM DETECTION DEVICES AND LOCATIONS

As previously mentioned the fire alarm initiating devices are manual pull stations and
waterflow devices. Product data for the devices are included in Appendix |I. The manual
pull stations are SimplexGrinnell and the waterflow devices are manufactured by
SystemSensor.

NFPA 72 Section 17.14.8.4 requires manual fire alarm boxes to be installed within 5 ft.
of each exit doorway on each floor. Waterflow devices are installed as a part of each
floor control valve system in order to monitor which sprinkler zone is flowing water.

The locations of the devices are shown in Appendix J. Pull stations are shown in blue
and waterflow alarms are shown in purple.

POTENTIAL FIRE SCENARIOS

The initiation of a general alarm will need to be by one of the following methods:
occupant interaction or activation of a sprinkler. The time for an occupant to notice a fire
is very unpredictable and is completely situational. This analysis is based on the
conservative situation of the building or area being empty, and a sprinkler is activated
by a non-arson fire.

There are a few non arson fires that could be expected. Trash, storage, minor amounts
of combustible liquid spills, chairs and furniture (most notably in the auditorium), and set
props. Any of these items could be ignited by a bad electrical connection, errant
cigarette butt, or pyrotechnic/electrical stage prop.

A likely fire scenario is a trash can fire, which can be approximated by a t-squared
growth fire. Two DETACT models approximating the fire growth and response time are
included in Appendix K.

The first model assumes a ceiling height of 9 ft., standard 15 ft. sprinkler spacing,

sprinkler activation temperature of 168°F, a starting ambient temperature 68°F, sprinkler
RTI of 88.7, and that the fire is at-squared growth fire with a fast growth coefficient. The
DETACT model projects a response time of the sprinkler to be approximately 3 minutes,
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when the fire reaches an approximate output of 1400kW. Waterflow alarms are required
to initiate within 90s of a flow of at least one sprinkler being achieved. A general alarm
could be estimated to be reached within 42 minutes.

The second DETACT model has the same characteristics, except that the ceiling height
is 36 ft., as it would be in the auditorium. This time the sprinkler activates at
approximately 6 minutes and the fire size is approximately 6600 kW. A general alarm
could be estimated to be reached within 7% minutes.

Even in the worst case scenario, the fire department can be expected to be notified in
less than 10 minutes, and with control mode sprinklers, it is probable that damage
would be mitigated in areas other than the auditorium. A fire in the auditorium is
addressed in the performance section of the report.

FIRE ALARM SYSTEM REQUIREMENTS

NFPA 72 Section 10.12.1 requires alarm activation of notification appliances to occur
within 10 seconds after an initiation device (pull station or waterflow alarm) signal is
sent. Section 10.13 stipulates the conditions upon which the fire alarm can be
deactivated.

NFPA 72 Section 10.14 requires supervisory notifications to be automatically indicated
within 90s of their activation at the fire alarm panel or supervising station and also
stipulates the conditions upon which the supervisory notification can be removed.

NFA 72 Section 10.15 requires trouble signals to be indicated within 200s. A trouble
signal can be indicated by a primary power failure, ground fault conditions, or any
abnormal condition in a system due to a fault. The section also states the requirements
for trouble notification.

FIRE ALARM NOTIFICATION DEVICES AND LOCATIONS

Visible notification device spacing is every 100 ft. in the corridors. Strobes not located in
corridors are spaced based on spacing criteria from NFPA 72, shown below in Figures 5
and 6.
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FIGURE 6: CEILING STROBE SPACING

Low dB audible notification devices are capable of providing 65 dB (approximately 15
dB above ambient) at approximately 45 ft. away (Based on the equation L, = L; —

20 logw:—z , Where L represents the sound level in dBs and r is the distance from the
1

device). Locations of notification devices are shown in Appendix J. Strobes are shown
in red, and horns are shown in green.

Notification devices include 15cd TrueAlert addressable strobes, 30 cd TrueAlert
addressable strobes, and low dB TrueAlert addressable horns and product data is
included in Appendix L.

26



15cd strobes are used for corridor notification, every 100 ft. in the corridor, and provided
within 15 ft. of each turn in the corridor, 30cd strobes are spaced to provide no more
than 30 ft. by 30 ft. of coverage, and horns are used to provide coverage up to 45 ft.
away in order to comply with NFPA 72. Strobes are provided in multi-person and public
spaces in order to comply with the Texas Accessibility Standards and the strobes are
required to be synchronized, where two can be viewed from one spot.

EMERGENCY VOICE/ALARM NOTIFICATION

The HBC requires this building to have an emergency/voice alarm notification system
because of the size of the assembly occupancy. The system is capable of overriding the
fire alarm with a pre-recorded message or a live message and is remotely
monitored/initiated by campus security. The system has separate notification devices
capable of providing a message, not just a blaring horn sound, and visible notification
devices are equipped with amber, instead of white, lenses. Being that this is on a
college campus in Houston, pre-recorded messages would include, but not be limited
to: shooter on campus, hurricane warnings, specific zone evacuations for a fire, and
flood warnings.

POWER REQUIREMENTS

The power requirements of the system can be determined by adding up the power
draws of each device. The first floor, west zone has the most devices so we will assume
that it is the most demanding zone. The Table 7 shows the type circuit with the number
and types of devices on the circuit, the wire size, the wire resistance and the length of
wire, and uses this to calculate the total current, the voltage drop, and the % of voltage
drop.

TABLE 7: FIRE ALARM POWER REQUIREMENTS

Circuit Horn Strobe Strobe Wire | Wire Wire Total Voltage Voltage

Number 022mA (30cd) (15cd) size resistance Length Current Drop (V) | Drop (%)
.128mA .076mA (A)

S1 32 34 14 12 1.98 1600 5.07 321

As we can see, having the entire zone on one NAC not only exceeds the power limits of
the NAC, but also exceed permissible voltage drop. Multiple NACs are required to be
provided in the design.

The secondary power supply is required to be capable of operating the system in a non-
alarm condition for at least 24 hours followed by 5 minutes of operating in alarm
condition with a 20 percent safety margin. Even on one NAC, which as previously stated
is insufficient, the power draw of the system for 5 minutes in alarm would be .507 amp-

27



hours. The notification devices do not draw power during a non-alarm condition. The
power draw in hormal condition would be from the fire alarm panel and modules
installed in the panel. The alarm system design was not to the point at which specific
numbers of modules and remote annunciators were specified. The design will need to
account that the entire system will need to be on standby for 24 hours before going into
alarm for 5 minutes. The standby power is typically the dominant factor, but it is very
likely that the battery backups will be able to provide the needed amp-hours.

INSPECTION, TESTING, AND MAINTENANCE REQUIREMENTS.

NFPA 72 also stipulates the required inspection maintenance and testing of fire alarm
devices.

NFPA 72 Table 14.3.1 requires yearly visual inspections for components, and weekly
visual inspections for fuses, LEDSs, trouble signals, and the power supply. Battery visual
inspections are monthly or semiannually based on the type of battery. Notification
appliances require visual inspections semiannually. Table 14.3.1 is included in
Appendix M for reference.

NFPA 72 Table 14.4.3.2 establishes the testing requirements for fire alarm systems and
components. There are too many requirements to list here, however the highlights are
as follows:

Annual testing of control equipment, trouble, and supervisory functions.
Monthly generator and annual UPS and secondary power tests
Annual testing of initiating devices

Table 14.4.3.2, which stipulates the inspections, testing, and maintenance
requirements, is included in entirety in Appendix N.

Maintenance is required to be performed in compliance with the manufacturer’s
instructions and the records are required to be kept until the next test and one year after
by NFPA 72 Section 14.6.

CONCLUSION

Overall, the fire alarm system in this building is fairly simple. It only includes the bare
minimum pull stations and waterflow alarms to initiate the fire alarm system as required
by the Houston Building Code. As this report has shown, the fire alarm design is
compliant with the Houston Building Code and the 2013 edition of NFPA 72.

PERFORMANCE

GOALS/OBJECTIVES
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The objective of this section is to document characteristics associated with the building
and potential fire scenario. The overall goal is to determine if an adequate level of life
safety is provided in the building, specifically with regards to the balcony which this
report assumes is the worst case scenario in the building.

TENABILITY CRITERIA

Tenability can be determined by a number of factors: toxic gases, heat, and visibility.
Typically the first criterion to fail is visibility, so visibility will be used to evaluate the room
tenability.

Both the International Code Council and National Fire Protection Association codes
base performance requirements on maintaining tenability at or above 6ft. of the highest
walking surface. This report will use the same height, and this 6 ft. must be maintained
above the balcony walkway. This is a reasonable justification as occupants will egress
down to the balcony and are expected to pool on the balcony walkway, not at the top of
the seats.

From SFPE Table 3-11.34, the average person without a seeing disability can see an
LED exit sign from 14.7 meters away, with a standard deviation of 1.2. Based on the
assumption that the human sight is represented by a bell curve, two standard deviations
(2.4) higher than the average will encompass approximately 95% of the population.
Maintaining tenability for 95% of the population is a reasonable degree of safety, so as
long as the visibility is maintained at or above 17.1m (56 ft.), at least above 6ft. above
the walkway, the balcony will be deemed as providing an acceptable level of life safety.

EGRESS ANALYSIS

OcCCUPANT CHARACTERISTICS

Occupants in this facility are likely to be a cross-section of average American adults.
While not the majority, significant portions of the population are likely to be elderly,
infirm, disabled, and in less than stellar physical shape. Many occupants are likely to be
familiar with the buildings, but this is a community college. Many occupants will only
attend the university once or twice a week and will most likely commute to class, attend
class, and leave, seldom deviating from their normal paths. Few will have participated in
evacuation drills. This will slow evacuation time. It is likely that during testing, occupants
will be reluctant to evacuate during an alarm situation, if they leave at all. This coupled
with evening classes where people are less active and alert are likely to increase
recognition and response times.

The assembly occupancies pose an even greater risk. Due to high unfamiliarity, high
population density, and narrow fixed seating or bench rows, egress time is delayed
further. Occupants will most likely try to exit via the door they entered and a situation
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could arise where crowd crush occurs in the auditorium. While there is the opportunity
for crowd crush to occur, it will not be analyzed in this report because the occupant
densities in the building are compliant with the HBC requirements.

CALCULATING EGRESS TIMES

The evacuation time can be predicted using the equations from Ch. 3 of the SFPE
Handbook and some assumptions. The following equations calculate evacuation time
based on hydraulic analysis. The main limitations associated with this method are
geometrical and situational. This does not account for out of the ordinary scenarios such
as crowd crush nor does it account for confusing egress layouts or long travel times. It
focuses on egress points (balcony stairs) being the limiting factor in egress. It does not
work well for non-uniform egress arrangements. Like in this building, there are large
areas that dump into the same stair enclosure. It is easy enough to figure that the two
stairs entering are the limiting factor, but then the egress door is wider. If the doors for
each floor are the limiting factor, but the exit discharge doors are more restrictive, based
on when and where occupants enter the stair, the egress time could be greatly affected.
Also, it assumes an even distribution of people which is not the case in this building
where occupants are focused in the gym and auditorium. To fully analyze a building
properly, an iterative method must be performed like determining the hydraulic mean of
multiple-loop sprinkler systems, finding the hydraulic choke points in the means of
egress on floors where the egress routes converge to really determine what the limiting
factors are. This is an extremely inefficient way to calculate exit time, so assumptions
have to be made.

The following calculations are performed assuming an even population distribution, and
that portions of exits (stair doors, exit doors, stairways) will be the limiting factors, not
corridors such as those leading from the gymnasium or the auditorium, nor travel times
down the stair. Queuing time will be the limiting factor, as is confirmed by the computer
egress model shown in the Pathfinder section.

Premovement Time:

SFPE Handbook 3-12 discusses the results from evacuation drills. The results
contained significant variations, some of which are obviously situationally biased. For
this project we will assume that the building premovement time will be approximately
30s based on likely occupant confusion and attempts to gather up belongings.

General Evacuation Time:

First floor ef fective egress widths: (68 — 12) x 6 + (56 — 12) * 2 + (136 — 24) * 2 x 2
+ (42 =12) 4+ (96 — 12) + (36 — 12) + (32 — 12) = 918 in.
Second floor ef fective egress widths: (36 — 12) -4 + (56 — 12) - 2 = 184 in.
Third floor ef fective egress widths: (36 —12) -4 + (56 — 12) -2 = 184 in.
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Note that 6 inches are taken from the inside of each door for a boundary layer as
covered in SFPE Handbook Table 3-13.1. Only door widths are included as all doors to
stairs are more restrictive than stairs themselves.

From SFPE Table 3-13.5, doors and corridors are capable of discharging a maximum of
24 persons per minute per foot of effective width.

First floor maximum flows: 918in - 24 persons per minute per ft
= 1836 persons per minute

Second floor maximum flows: 184 - 24 persons per minute per ft
= 368 persons per minute

Third floor maximum flows: 184 - 24 persons per minute per ft
= 368 persons per minute

Using these flow rates and the occupant loads of each floor (1997, 1096, 616) we get
an egress time of 1.1 minutes for the first floor, 3.0 minutes for the second floor, and 2.1
minutes for the third floor. Coupled with the premovement time of 30s, we get a total
building evacuation time of less than 4 minutes.

This method is useful for gaining an approximate idea of how long it will take occupants
to exit a building. This report will address he egress times from a specific dense area in
a later section

PATHFINDER MODEL

The Pathfinder model has two modes: SFPE and Steering. Both are based on the SFPE
hydraulic flow model, but Steering does not limit the maximum flow limit for doors and it
does not account for velocity decreasing as density increases. For these reasons, this
report uses SFPE mode to simulate building egress.

Pathfinder screenshots of input files are shown in Appendix O. Pathfinder shows that it
takes approximately 315 seconds for all the occupants to egress using SFPE mode,
and 190s in steering mode. The file shows that there are certain problem areas,
particularly the auditorium balcony, which dramatically increase the egress time. As
previously stated, the egress balcony is not provided with sufficient exit access and
chokes its occupants down the two corridors., and the last occupants to egress are
balcony occupants.

BALCONY ANALYSIS

As previously mentioned, the balcony contains more seats than would be prescriptively
permitted in new construction. In order to evaluate the threat to life safety this
represents, the egress time from the balcony must be determined.
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Using hydraulic hand calculations shown in Appendix P, the calculated egress times for
the balcony with 502 seats is 265s. With the prescriptively permitted amount of 266
seats, the egress time is 140s.

Using the Pathfinder model on SFPE mode, the egress times are shown to be 315s and
195s, respectively. Both of these values are close to the hand calculation models and
will be used in the next section to evaluate the balcony.

One item not addressed in this analysis is crowd crush. Section 3-13 in the SFPE
handbook indicates that crowd crush conditions can exist at densities of 0.09
persons/sq.ft. (11 sq. ft. per occupant). The occupant density in this area exceeds 11
sq. ft. per occupant so crowd crush may be a concern. The density of the balcony could
would reduced below 11 sq. ft. per occupant where only 266 chairs are provided.

CONCLUSION

The overall building egress analysis shows that it does not take an unreasonable
amount of time to exit the building. Without an analysis of how much time occupants
have to egress the building, this information is more or less useless. The balcony
egress analysis will be used in the next section to determine the threat to life safety
posed to the auditorium balcony occupants.

FIRE MODELING

The second part of the evaluation is determining the RSET. This is a combination of the
egress and tenability evaluations. To determine, how long an environment is tenable,
we can use an FDS model.

The required safe escape time (RSET) is the amount of time occupants need to egress
an area. The available safe escape time (ASET) is the amount of time provided for the
occupants to escape. Fire modeling can be used to determine if the ASET exceeds the
RSET. The component of ASET and RSET are shown below in Figure 6.
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Figure 3-12.1. Egress time model.
FIGURE 7: ASET-RSET

FDS can be used to simulate the environment and provide more accurate answers,
when compared to hand calculations. It uses the Navier-Stokes equation and finite
volume techniques to approximate a fluid system and this report uses the Pyrosim

program to generate an FDS file.

The evaluation of the fire model includes data from the means of egress performance
evaluation, in order to determine how long a tenable environment must be provided. As
hydraulic model and Pathfinder (SFPE) model produced similar results, the slightly
more conservative Pathfinder results (315s, 195s) will be used.

SCENARIO

The scenario evaluated in this section is based on a fire on the stage scenery, where
there is no human involvement with the fire.

FDS MODEL

The FDS file used for the fire model is attached in Appendix Q.

Figure 8 shows the base model in Pyrosim. The walls and general obstructions are
shown in light yellow, whereas floor surfaces are shown in grey. The approximate seat
locations are shown as brown and the balcony walkway is shown in green. The balcony
is an unusual color to standout, because this is where the tenability will be analyzed
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A visibility slice file is provided at 9.75m, which is 2m (approximately 6 ft.) above the
balcony walking surface. While this is not the highest surface in the auditorium, it is
reasonable to assume that as occupants exit, the occupants on the higher rows will
make their way down. Rather than provide a walking surface height as a function of
time, this model makes the assumption that occupants will make their way down to the
balcony floor before tenability at the seating level becomes an issue.

The fire in the scenario is based averages from an Arup report, created at the request of
an NFPA Committee. This report documents that the average soot yield is 0.0356 kg/kg
for fuel sources on stages, and this value is used as the soot yield for the reaction in the
model. The heat release rate was based on a DETACT model shown in Appendix R.
Based on having quick response sprinklers, 12 ft. spacing, and a height of 36 ft., the
model shows that the sprinklers will activate at approximately 376s and 6600 kW. The
fire in the model is set to grow to 6600kW as a t-squared rate until 375s, where it levels
off. Sprinklers are not included in the model for two reasons: the fire is assumed to stay
at a constant heat rate and be controlled by the sprinklers, and the sprinklers activate
after the occupants have left the balcony. Including sprinklers in the model adds nothing
to the analysis.

Figure 8 below shows the base FDS model created in Pyrosim.

FIGURE 8: PYROSIM MODEL

The mesh for the model is set at 58x70x40, which gives cell sizes of 1m®. This may
seem like a large number, but based on the characteristic fire diameter using the
equation shown in Figure 9. NUREG 1824 states that the effective diameter of a fire can
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exceed the cell size by a factor of between 4 and 16 to give accurate results. This
equation estimates that the mesh size will output reasonably accurate data with a
“coarse” mesh size.

0O 3
PeCpTic\/8

FIGURE 9: MESH SIZE EQUATION

D* =

As the building is provided with smoke detection in certain ductwork, as required by the
HBC, the model assumes that HVAC shutdown occurs instantaneously, and does not
account for return air vents removing smoke from the space. The main doors to the
corridors on the 1% and 2" floors are shown open. Additional doors around the exterior
are not included as the inclusion of additional doors did not significantly affect the
results.

The heat release rate for the model is shown below in Figure 10. Based on the DETACT
models shown in Appendix R, the sprinklers activate at 375s, which is where the graph
in Figure 9 levels off.

HRR vs Time
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FIGURE 10: FIRE GROWTH AS A FUNCTION OF TIME
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Figure 11 shows an example of the space filling with smoke with the HRR from the fire
shown.

” - —
5| Scenario_3sg | =L &.I

Smokeview 6.1.5 - Nov 22 2013

B =50 (kw/m3)
Frame: 538
LTime: 2715521 L ‘ mesh: 1

FIGURE 11: FDS MODEL FILLING WITH SMOKE

ANALYSIS

The fire model shows that at a time of 195s, the balcony walkway is still tenable, as are
the majority of the seats. This condition is shown in Figure 6 below.
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[Smakeview 6.1.5 - Now 22 2013 Slice

Frame: 463

mne: 1552 [— e 1
FIGURE 12: TENABILTY AT 195 SECONDS

Portions of the balcony become untenable at approximately 220s, and by 315s, the
balcony is completely engulfed by the smoke layer and is no longer tenable. This
condition is shown below in Figure 13.

Smokeview B.1.5 - Mov 22 2013 slice
IS_Soot

Frame: 788

e 152 (S nesh. 1
FIGURE 13: TENABILITY AT 315 SECONDS
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Figure 14 shows that the balcony becomes untenable at approximately 250s, between
the two calculated required egress times.

Smokeview 6.1.5 - Mov 22 2013 Slice
WIS_Soot

Frame: 625

Time: 2500 [ mash

FIGURE 14: TENABILITY BREAING POINT

Heat vents are not required, as this is an existing stage, but even if they were required
they would be ineffective. Attached in Appendix S is the DETACT model for the smoke
vents. Based on the egress times, DETACT calculations, and FDS model, sprinklers
(375s), smoke vents (520s), and fire curtains (520s) would activate well after occupants
have egress from the balcony. Sprinklers are required, but smoke vents are not and
would represent a reduction in property damage, not an increase in life safety. None of
these features are included in the model.

SUMMARY

The Pyrosim model shows that the existing numbers of seats represent a threat to life
safety, and based on performance criteria, should be removed. While it could be argued
that more seats than are permitted by the HBC for new construction could remain, this
report recommends that the number of seats be reduced, as this would be a much
cheaper option than installing a smoke control system, would be much more effective
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than the installation of heat vents, and would reduce the concerns about occupant
density leading to crowd crush.

CONCLUSIONS/RECOMMENDATIONS

The design for the Houston Community College San Jacinto Building complies with the
requirements of the Houston Building Code. The performance analysis of the building
determined that the number of seats in the balcony represents a threat to the life safety
of the occupants, and this report recommends that seats be removed until the amount
matches the amount permitted by code.
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Appendix A: Floor Layout
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Appendix B: Egress Drawings
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Appendix C: Hydraulic Flow Test Data

Dear Ms. Lucas:

On April 27, 2011, Rolf Jensen and Associates, Inc. (RJA) performed a water flow test, with
|Cit:.r of Houston (COH) personnel, on the water service line that provides fire water for the
ahove referenced facility. The following data are the results from the test:

Time: 10:45 am

Qutlet Diameter: 2.51inches
Static Prassure: 64 psi
Residual Pressura: 53 psi
Pitot: 45 psi
Flow: 1,126 gpm
Flow at 20 psi: 3,302 gpm

The water and pressure available is at the effective point (Static and Residual Hydrant - #1;
see attachment #1). Please feel free to contact me with any questions you may have.

Attachment #1

CITY OF HOUSTON
Part Il Flow Test Completion Status Repert

Tme: (0295 am Westher: _ Uiy £ Cleas pae. 4-37-201)
M/ Carnpleted [J Mo Show 01 Cancalled [ Re-gcheduled On ___ AN
[ Mot Completed [ Remsans) | .
Asea Served [0 Residential [ Commercial [ Industrizl
| —
o ‘ ) FIRE HYDRANTS | PRESSURES |  FLOW @ RESIDUAL PRESSURE
LOGATION MAKE | St | Resos | Orifics Pitt | Flow
oy e | Dafr | PSI GPM
1 |Preggier & wrstof Hew Poslel  Miyeller &5 59 | 3t
2 [Presslerch, st of e feslr|  prziier ) Fst | 48 136
I |
SKETCH
‘)l
rl
] : Holcambe Blvd.
W
N
g e
= y
i o UTHSL ol T
L] [ “hoot of Puble et/ E1E1
Z ‘I‘—K‘ S, schoot of &3
£ HE r
of - T £ Flow Hydraal
o #L oo g pse 3 ‘\E} #2 _ F=Yfps
1 o Peessler 53 @ pesim Ty | Presster 54 - 1?‘
|3 inci BVC | l |3-inth Pvc%
! - - . . o Jaomeh Pre
N \/‘
H '
1
Block Map Page # i Address: [300 Herman Fressly =
Houstan, T 77030

Crs—

% " (Fastar) - “{Ciy of Houston Personnal]
- Espinogo, Veliea Harn
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Appendix D: Sprinkler Hazard Classification Areas

B S
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SPRUNKLER DESIGN - WET SYSTEM. LIGHT HAZARD PROVIDING A DENGITY OF
10,90 G OVER 200 SCUARE FELT USNG QUICK RESPONSE SPRING R
WITH GEILING HEXGHT OF 10 FEET

[ S e
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SPRINKLER DESIGN - WET SYSTEN. LIGHT HAZARD PROVIDING A DENSITY OF
[] fsmmiassmnes

SPRKLER DESON - CRONARY HAZARD GROUP 3 (1) WET SYSTEM. R
E PRSI AT OF .12 g VR 1 SRS PEF Lo K RIS B
RESONSE SRS Wi S BT O 18 FEET. BeB8s

Ot e e PP
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Appendix E: Sprinkler Layout
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Appendix F: Design Area and Sprinkler Demand Calculations

Tk O Design area: light hazard, 900 sq. ft.



Pipe

Ste Nozzle Fittings | Equivalen Friction
p Ident and Pipe and t Pipe loss Pressure Normal
No. Location Flow in gpm size Devices Length (psi/ft) Summary Pressure Notes
C
Sprink 1 g|0.0 lin L 3| = 120 | Pt 72 | Pt k=5.6 | q=.1*150
0.07
1 T F 5 6 Pe Pv P=(15/5.6)"2
Q| 15.0 1.049 T 8 | pf Pf 0.6 | Pn Pt=
C Qadj=15*(8.5/7.8)"
q L = Pt Pt 5
2 F Pe Pv
k=5.6
Q| 15.7 T pf Pf Pn 2 k=15.7/(7.8)".5
C
Sprink 2 gq|0.0 lin L 12 | = 120 | Pt 7.2 | Pt k=5.6 | q=.1*150
0.07
3 T F 5 6 Pe Pv
k=5.1
Q| 15.0 1.049 T 17 | pf Pf | 1.3 | Pn 5 k=15/(8.5)".5
C
RN1to2 q | 19.5+18.7 L 15 | = 120 | Pt 8.5 Pt
0.01
4 2in F 1 Pe Pv
Q | 30.7 2.067 T 15 | pf Pf 0.2 Pn
C k=5.6
Sprink 3 q | 16.6 L = Pt Pt 2 Q=5.62*(8.7).5
5 T F Pe Pv
Q T pf Pf Pn
C k=5.1
Sprink 4 g |15.2 L = Pt Pt 5 Q=5.15%(8.7)".5
6 T F Pe Pv
Q T pf Pf Pn
16.6+15.2+30. C
RN2toRN3 | g | 7 L 15| = 120 | Pt | 133 | Pt
0.03
7 2in F 9 Pe Pv
Q| 624 2.067 T pf Pf 0.6 | Pn
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8 Sprink 5 = Pt Pt Q=5.62*13.9)".5
T Pe Pv
21.0 pf Pf Pn
C 5.1
9 Sprink 6 = Pt Pt Q=5.15%(13.9)*.5
T Pe Pv
19.2 pf Pf Pn
C
RN3toMain 21+19.2+62.4 87 | = 120 | Pt 13.9 | Pt
0.09
10 2in T 10 9 Pe Pv
102.6 2.067 97 | pf Pf 9.6 | Pn
MAINtoTO C
R 85 | = 120 | Pt 235 | Pt
45 T,T, 0.00
11 4in GV 46 4 Pe Pv
102.6 4.026 131 | pf Pf 0.5 | Pn
C
12 | TORtoBOR 36 | = 120 | Pt 24.0 | Pt
0.00
4in 4 Pe | 156 | Pv
102.6 4.026 pf Pf 39.6 | Pn
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Appendix G: Viking QRPS Cut Sheet

Movember 15, 2012 Sprinkler 41a
i MICROFAST® AND
= MicrofastHP* QUICK
NIKING ISR <
SPRINKLERS

The Viking Corporation, 210 N Industrial Park Drive, Hastings Ml 43058
Telephone: #69-345-9501 Technical Services: 877-384-5464 Fax: 269-818-1680 Email: techsvesivikingcorp.com

1. DESCRIPTION

Viking Microfast® and MicnofastHP® Quick Response Pendent Sprinklers are smiall.
themmosensitive, glass-bulb EEa'Fyraégmhlers available in several different finishes
and temperature mhngsa.mj rs to meet design requirements. The ial
Pohyester, Pol (FTFE). and Elecimless Mickel PTFE 1ENT:|
ma]:n;ﬁ.ege used in dac::ﬂh'm applications. where colors are desired. d-
diticn hawve been investigated for installation in comosive atmos-
here-smdare listed as cormosion resistant as ndicated in the Approval

art. {Mote: FM Global has no approval classification for PTFE and Polyesier

coafings as comosion resistant )
2. LISTINGS AND APPROVALS
ICU‘_*, . SULus Listed: Category VNIV
e FM Approved: Classes 2001, 2002, 2015, and 2017
= NYC Approved: Calendar Mumbser 219-78-54 and MEA BE-O2-E, Viodlume 16
ABS Certified: Certificate 04-H540TRE4C-PDA
Vd5 Approved: Certificates G4040085, G2040097, G4060056, G4060057, G4330045, G4830038, and G4BE0021
. LPC Approved: Ref. Nos. DD8e/03 and 096/04
e CE Certified: Standard EM 12250-1, EC-cerfificates of conformity 0788-CPD-40130, 0788-CPO-40170 and O7EE-CPD-
40278, 08432-CPD-2001, and 0832-CPD-2003
MED Certified: Standard EM 12258-1, EC-certificate of conforrmity 0832-MED-1003 and 0832-MED-1008
WOTE: Other Intemational approval cerificates are available upon request.
Refer to Approval Chart 1 and Design Criteria on page 41d fior cllLus Listing requirements and refer to Approval Chart 2
and Design Criteria on page 41 for FM Approval requirements that must be followed.

3. TECHNICAL DATA
Specifications:
Avalable since 1887
Minimum Ciperating Pressure: 7 psi (0.5 bar]”
Maximum Working Pressure: Sprinklers 12282 and 12290 are rated for

Viking Technical Diata mey be found on

use with water workin res ranging from the minimum 7 psi
(0.5 bar) upmmpmﬁ’ bar) for high-pressure systems. High-pres- Thie Viking Corparation’s Wab aits af
sure [HP) sprinklers can be identified by locating "250" stamped on hittp-iww wIkINgEroupine. com.

thedeﬂectm'.ﬁ]lﬁhﬂﬁﬂﬂus.nutmninnedahnmaemiﬂdlna The Web alts may Include a mors recent
maximum 173 psi (12 ba \% wdition of this Tachnlcal Data Pags.

Faciory fested hydrostatically to psi (345 bar)

Thread size: Refer to the Approval Charts

Mominal K-Factor: Riefer to the Approval Charts

Glass-bulb fluid temperature rated to -65 °F (-55 °C)

Owerall Length: Refer to the Approval Charts

“glLus Listing, FM Approval, and KFPA 13 Installs reguire a minimum of 7 psl (0.5 bar). The minimum operating pressure for LPCE and CE

Approvals CHLY Is 5 pel (0.35 bar).

Material Standards:

Frame Casfing: Brass UNS-C34400 or QM Brass for Speinklers 086628 and 12282, Brass UNS-C84400 for all other sprinklers.

Defiector: Phosphor Bronze UNS-C51000 or Copper UNS-C18500 for Sprinklers 088628, 066688, and 067658, Copper UNS-
C18500 for Sprinkler 12232. Phosphor Bronze UNS-C51000, Copper UNS-C18500 or Brass UNS-C28000 for Sprinkler 067208,
Brass UNS-C28000 for all other lbers.

Bushing (for Sprnklers 087188, B, and 12200}): Brass UNS-C36000

Bulb: Glass, nominal 3 mm diameter

Bellevile Spring Seafng Assembly: Micke! Alloy, coated on both sides with FTFE Tape

Screw: Brass UNS-C36000

Pip Cap and Insert Assembly: Copper UNS-C11000 and Stainless Steel UNS-530400

For PTFE Coated Sprinklers: Bellevile Spring-Exposed, Screw-Nicke! Plated, Pip Cap-PTFE Coated

For Polyester Coated Sprinklers: Belleville Spring-Exposed

Bor EMT Cogted Sgrinklers: Ballewlle Spring-Exposed. Screw and Pipeap - ENT coated.

Form Mo. F 021206 Replaces page 41a-f, dated September 18, 2012.
- ({Removed MED from 068628)




Appendix I: Initiation Device Cutsheets

SYSTEM

@ SENSOR

WEFD Series
Waterflow Detector

The System Sensor WFD series is compatible
with schedule 10 through 40 steel pipe, sizes
2“through 8", and can be mounted in a vertical

or horizontal position.

Features

« Two-inch mounting hole provided in new WFD30-2 models

« UL-listed models are NEMA 4 rated

- Sealed retard mechanism immune to dust and other contaminants
+ Visual switch activation

- Field-replaceable retard mechanism and SPDT switches

+ Rugged, dual SPDT switches enclosed in a durable terminal block

+ Accommodates up to 12 AWG wire

« Designed for both indoor and outdoor use

+ 100 percent synchronization activates both alarm panel and
local bell

« Tamper-resistant cover screws

Agency Listings

MEA

approved
67-93-E

® @

5739 5169 7770-1653:114 3006195

57

Robust Construction. The WFD series consists of a rugged,
NEMA 4-rated enclosure. Designed for both indoor and outdoor
use, the WFD series operates across a wide temperature range, from
32°F to 120°F.

Reliable Performance. UL-listed models are equipped with
tamper-resistant cover screws to prevent unauthorized entry. Inside,
two sets of SPDT (Form C) synchronized switches are enclosed in a
durable terminal block to assure reliable performance.

False Alarm Immunity. The WFD series incorporates a mechanical
retard feature, which minimizes the risk of false alarm due to
pressure surges or air trapped in the sprinkler system. In addition,
the mechanical retard’s unique sealed design is immune to dust and
other contaminants.

Simplified Operation. The WFD series is designed to simplify
installation. Two conduit openings permit easy attachment to the
local alarm system. The retard mechanism and dual SPDT switches
are field-replaceable.



Waterflow Detector Specifications
Engineering Specifications
Vane-type waterflow detectors shall be installed on system piping as designated on the drawing and/or as specified herein. Detectors shall mount on any
clear pipe span of the appropriate nominal size, either a vertical upflow or horizontal run, at least 6" from any fittings that may change water direction,
flow rate, or pipe diameter or no closer than 24" from a valve or drain. Detectors shall have a sensitivity in the range of 4 to 10 gallons per minute and a
static pressure rating of 450 psi* for 2" - 8” pipes. The detector shall respond to waterflow in the specified direction after a preset time delay that is field
adjustable. The delay mechanism shall be a sealed mechanical pneumatic unit with visual indication of actuation. The actuation mechanism shall include
a polyethylene vane inserted through a hole in the pipe and connected by a mechanical linkage to the delay mechanism. Outputs shall consist of dual
SPDT switches (Form C contacts). Two conduit entrances for standard fittings of commonly used electrical conduit shall be provided on the detectors.
A grounding provision is provided. Unless noted, enclosures shall be NEMA 4 listed by Underwriters Laboratories Inc. All detectors shall be listed by
Underwriters Laboratories Inc. for indoor or outdoor use.

Standard Specifications

Static Pressure Rating 450 PSI* Operating Temperature Range  32°F to 120°F (0°C to 49°C)
Maximum Surge 18 Feet Per Second (FPS) Enclosure Rating* NEMA 4 - suitable for indoor/outdoor use
Triggering Threshold 4-10GPM Cover Tamper Switch Standard with ULC models, optional for UL
Bandwidth (Flow Rate) models, part no. 546-7000
Conduit Entrances Two openings for /4" conduit. Service Use Automatic Sprinkler: NFPA-13

One open, one knock-out type One or Two Family Dwelling: NFPA 13D

Residential Occupancies up to 4 Stories: NFPA 13R
National Fire Alarm Code: NFPA-72
Contact Ratings Two sets of SPDT (Form C) U.S. Patent Numbers 5,213,205
100 A, Y2 HP @ 125/250 VAC
25A@6/12/24VDC

Compatible Pipe Steel water pipe, schedule 10 through 40 Warranty 3 Years
WFD Field Wiring Diagram Delay Adjustment Dial Overall Dimensions, Installed
SSM24-X COMMON -NO o —
Sheneie ssvizox WRENVANE 1S DEFLEETED &
'CONTROL PANEL N WATER IS FLOWING. DUAL
SWITCHES PERMT
POWER -+ APPLICATIONS TO BE COMBINED
2400C O ONASINGLE DETECTOR
=5 AT
L [CONTACT RATINGS |
e ] GgEsTEDEOL
Scheuanc o o) Uboltnut ﬂ\'ﬂ'l/ \I‘H1 J-,a-
Ho | .
BREAK WIRE AS T 1 1| ——
S @ w \ -
NOTALLOW
STRIPPED WiRE
LEADS T0 EXTEND
BEY( 'NOTE: RETAAD TIME MAY EXCEED 90 SECONDS. ADAUST /
L Widih: See Table ——o-)
Ordering Information
UL Model ULC Model Pipe Size Hole Size Shipping Weight
WFD20 WFD20A 2 %" 4.2 Ibs.
WFD25 WFD25A yizs 1%” 4.3 Ibs.
WFD30-2 WFD30-2A = 2¢ 4.5 Ibs.
WFD35 WFD35A 3% 14" 4.7 Ibs.
WFD40 WFD40A 4" 27 5.2 Ibs.
WFD50 WFD50A 5" 2" 6.3 Ibs.
WFD60* WFD60A 6" z" 6.8 Ibs.
WFD80* WFD80A 8" 2 7.5 Ibs.
Accessories
A3008-00 Retard mechanism
A77-01-02 Terminal block
546-7000 Tamper-proof switch kit
WFDW Tamper-proof wrench for cover
WFDN4 Gasket kit

*Maximum pressure rating 400 psi as approved by Factory Mutual.

@ SY STEM 3825 Ohio Avenue - St. Charles, IL 60174 e

Product specfications subject to change without notice: Visit systemsensotcom for

. @ SENSOR Phone: 800-SENSOR? - Fax: 630-377-6495 oo i ot oy e
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6.Simplex

UL, ULC, CSFM Listed; FM Approved;
MEA (NYC) Acceptance™

Multi-Application Peripherals

IDNet or MAPNET Il Communicating Devices
Addressable Manual Stations

Individually addressable manual fire alarm

stations with:

e Power and data supplied via IDNet or MAPNET I
addressable communications using a single wire pair

e Operation that complies with ADA requirements

e The NO GRIP Single Action Station and Retrofit Kit
are available with a more easily operated pull lever for
applications where anticipated users may find the
standard station lever difficult to activate

e Pull lever that protrudes when alarmed

e Break-rod supplied (use is optional)

e Models are available with single or double action
(breakglass or push) operation

e UL listed to Standard 38

Compatible with the following Simplex® control

panels:

e Model Series 4100ES, 4010ES, 4008, 4010, 4100U,
4020, 4100, and 4120 fire alarm control panels
equipped with either IDNet or MAPNET IT
communications

e Model Series 2120 Communicating Device
Transponders (CDTs) equipped with MAPNET II
communications

Compact construction:

e Electronics module enclosure minimizes dust
infiltration

e Allows mounting in standard electrical boxes

e Screw terminals for wiring connections

Tamper resistant reset key lock (keyed same as

Simplex fire alarm cabinets)

Multiple mounting options:

o Surface or semi-flush with standard boxes or matching
Simplex boxes

o Flush mount adapter kit

e Adapters are available for retrofitting to commonly
available existing boxes

The Simplex addressable manual station combines the
familiar Simplex manual station housing with a compact
communication module that is easily installed to satisfy
demanding applications. Its integral individual
addressable module (IAM) constantly monitors status and
communicates changes to the connected control panel via
IDNet or MAPNET II communications wiring.

* Refer to page 2 for specific model listings. This product has been approved by the
California State Fire Marshal (CSFM,) pursuant to Section 13144.1 of the California Health
and Safety Code. See CSFM Listing 7150-0026:224 for allowable values and/or conditions

ing material in this Itis subject to ination, revision,
and possible cancsllation. Accepted for use — City of New York Department of Buildings —
MEA35-93E. Additional listings may be applicable; contact your local Simplex product
supplier for the latest status. Listings and approvals under Simplex Time Recorder Co. are
the property of Tyco Fire Protection Products.
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BSimplex. O j
4099-9020 4099-9805
s‘i‘r?gls:g%;n NO GRIP NO GRIP
9 Single action Retrofit kit

o) O BT

=l .

KEY
J ® OPERATED 4
ONLY
== BSimplex
SR R Cover kit

Activation of the 4099-9001 single action manual station
requires a firm downward pull to activate the alarm switch.
Completing the action breaks an internal plastic break-rod
(visible below the pull lever, use is optional). The use of a
break-rod can be a deterrent to vandalism without
interfering with the minimum pull requirements needed for
easy activation. The pull lever latches into the alarm
position and remains extended out of the housing to provide
a visible indication.

Single Action NO GRIP Station 4099-9020. For
applications such as California Building Code, Title 24,
which requires “Controls and operating mechanisms shall
be operable with one hand and shall not require tight
grasping, pinching or twisting of the wrist” the model
4099-9020 station provides a more easily operated pull
lever compared to standard stations. Retrofit of existing
stations is available using the 4099-9805 Retrofit kit.
Double Action Stations (Breakglass) require the
operator to strike the front mounted hammer to break the
glass and expose the recessed pull lever. The pull lever then
operates as a single action station.

Double Action Stations (Push Type) require that a
spring loaded interference plate (marked PUSH) be pushed
back to access the pull lever of the single action station.
Station reset requires the use of a key to reset the manual
station lever and deactivate the alarm switch. (If the break-
rod is used, it must be replaced.)

Station testing is performed by physical activation of the
pull lever. Electrical testing can be also performed by
unlocking the station housing to activate the alarm switch.

$4099-0001-9 5/2012



Addressable Manual Station Product Selection

Addressable Manual Stations, Red Housing with White Letters and White Pull Lever

Model Description Housing Pull Lever Listings
4099-9001 | Single action, English FIRE ALARM PULL DOWN | UL, ULC, FM, CSFM, MEA
4099-9001CB | Single action, Bilingual English and French FEU FIRE TIREZ PULL ULC. FM
4099-9001CF | Single action, French ALARME FEU ABAISSEZ !

4099-9002 | Double action, Breakglass operation, English
4099-9003 | Double action, Push operation, English

FIRE ALARM PULL DOWN | UL, ULC, FM, CSFM, MEA

4099-9020 | Single action NO GRIP operation, English FIRE ALARM PULL DOWN | UL, ULC, FM, CSFM
Accessories
Model Description

2975-9178 | Surface mount steel box, red

2975-9022 | Cast aluminum surface mount box, red

2099-9813 | Semi-flush trim plate for double gang switch box, red
2099-9814 | Surface trim plate for Wiremold box V5744-2, red
2099-9819 | Flush mount adapter kit, black

2099-9820 | Flush mount adapter kit, beige

2099-9803 | Replacement breakglass

2099-9804 | Replacement break-rod

2099-9828 | Institutional cover kit for field installation on 4099-9001

4099-9805 Retrofit Kit for field conversion of a single action station to a NO GRIP station; refer to Installation Instructions
579-1007 for details

Refer to page 3 for dimensions

Typically for retrofit, refer to page 4

Refer to page 4 for details

Specifications (refer to Installation Instructions 574-332 for additional information)

Power and Communications IDNet or MAPNET Il communications, 1 address per station
Address Means DIP switch, 8 position
Wire Connections Screw terminal for in/out wiring, for 18 to 14 AWG wire
UL Listed Temperature Range 32° to 120° F (0° to 49° C) intended for indoor operation
Humidity Range Up to 93% RH at 100° F (38° F)
Housing Color Red with white raised lettering
Material Housing and pull lever are Lexan polycarbonate or equal
Pull Lever Color White with red raised lettering
Housing Dimensions 5" H x 3-3/4" W x 1" D (127 mm x 95 mm x 25 mm)

Single Gang Box Mount 4" Square Box Mount

Single gang box, 2-1/2" deep 4" (102 mm) square box, 2-1/8" (54 mm) minimum
(64 mm), RACO #500 or equal depth, RACO #231 or equal (supplied by others)
(supplied by others)

Mount flush or with
1/16" (2 mm) e
maximum extension

DO NOT RECESS 4" Square box
( with cover plate)

. Stat_ion |~ i
FIRE |((@)[ALARM f side view ;
Single gang cover plate, 3/4* | | || _______. '
(19 mm) extension, RACO #773 7
[ PULL DOWN or equal (supplied by others)
‘ | I L/ Singlle gang
box outline
Wall surface -~ S Y i
Semi-Flush Mount Side View
6 Simplex
2 $4099-0001-9 5/2012
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Addressable Manual Stations Surface Mounting

Preferred Mounting. For
surface mounting of these
addressable manual stations, the
preferred electrical boxes are
shown in the illustration to the
right.

Additional Mounting
Reference. Refer to page 4 for
Wiremold box mounting
compatibility.

Surface Mount Side View with Internal Detail

Field wiring
(shown for reference)

Address setting under
resealable label (accessible

Station cover
hinges open for

installation access

)
with cover open) \gg
»
-

2975-9178 Box 2975-9022 Cast Box
5-3/16" H x 4" W x 2-3/16" D 5"Hx3-7/8" W x 2-3/16" D
(132 mm x 102 mm x 56 mm) (127 mm x 98 mm x 56 mm)

(ordered separately) \ (ordered separately) \

Knockouts located
top and bottom

FIRE | [ALARMﬂ
d :
| PULL DOWN | /
Access for 3/4" threaded
5" conduit located top and bottom
(127 mm) =
|8 Simplex | -
1" (25.4 mm)

o |-—343/4" (95 mm)—-l L

4099 Series Addressable Manual Station

Application Reference

Refer to NFPA 72, the National Fire
Alarm and Signaling Code, and all
1-1/4" applicable local codes for complete
(82 mm) Simplex 2975-9178 box  requirements for manual stations. The
,/ {shownfor fefenncs) following summarizes the basic
requirements.

1. Stations shall be located in the
normal path of exit and distributed
in the protected area such that they
are unobstructed and readily

2.5/g" accessible.

(67 mm) 2. Mounting shall be with the
operable part not less than 42 in
(1.07 m) and not more than 48 in
(1.22 m) above floor level.

3. Atleast one station shall be

[~ Switch wiring provided on each floor. Additional

(prewired) stations shall be provided to obtain
a travel distance not more than
200 ft (61 m) to the nearest station
from any point in the building.

4. When manual station coverage
appears limited in any way,
additional stations should be
installed.

3 $4099-0001-9 5/2012
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Addressable Manual Station, Additional Mounting Information

For retrofit and new
installations, additional
compatible mounting boxes
and the required adapter plates
are shown in the illustration to
the right.

[em) (amm)
Wiremold
o (e ? receptacle box
2099-9814 Surface trim model V5744-2
for Wiremold box (supplied by
5-1/8"Hx5"W others)
(130 mm x 127 mm)
(=) (e
O o9 O Two gang switch box, each
3"Hx2"Wx2-3/4"D

(76 mm x 51 mm x 70 mm)

4099-9001 IDNet
addressable station

(supplied by others)

2099-9813 Semi-flush trim for 2 gang
switch box, 6" H x 4-1/2" W ——f
(152 mm x 114 mm)

Addressable Manual Station, Flush Mounting Information

8"
(203 mm)

&
(152
mm)

Alarm and Si; Code are

=

TYCO, SIMPLEX, and the product names listed in this material are mark.c and/ar registered marks. Unauthorized use is strictly p

Flush mount adapter kit
2099-9819, Black
2099-9820, Beige

Box must be recessed into wall
1"to 1-1/8" (25.4 mm to 29 mm)

]

Hole cutout must be a
minimum of 6" H by 5" W
(152 mm by 127 mm)

Wall

surface

4-3/4" (121 mm)
6-3/4" (171 mm)

Front View

Si

4-11/16" (119 mm)
square box, 2-1/8"
(54 mm) minimum
depth (by others)

de View

d. NFPA 72 and National Fire

the Wiremold Company.

of the Natic

I Fire I

(NFPA). Lexan is a trademark of the General Electric Co. Wiremold is a trademark of

6 Simplex

Tyco Fire Protection Products « Westminster, MA » 01441-0001 » USA

www.simplexgrinnell.com

$4099-0001-9 5/2012

© 2012 Tyco Fire Protection Products. All rights reserved. All specifications and other information shown were current as of document revision date and are subject to change without notice.
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Appendix J: Fire Alarm Device Locations
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Appendix K: Fire Alarm Scenario DETACT Models

INPUT PARAMETERS

CALC. PARAMETERS

Ceiling height (H) | 2.743 | m R/H 1.179
Radial distance (R) 3.2 m dT(cj)/dT(pl) 0.269
Ambient temperature
(To) 20 C u(cp/u(pl) 0.174
Actuation temperature
(Td) 76 C Rep. t2 coeff. k
Response time index
(RTI) 88.7 (m-s)1/2 Slow 0.003
Fire growth power (n) 2 - Medium 0.012
Fire growth coefficient (k) | 0.047 | kW/s™n Fast 0.047
Time step (dt) 2 S Ultrafast 0.400
Gas
Calculation time (s) HRR temp Gas velocity | Dettemp | dT/dt
0 0.0 20.0 0.00 20.00 0.00
2 0.2 20.3 0.07 20.00 0.00
4 0.8 20.7 0.11 20.00 0.00
6 1.7 21.2 0.15 20.01 0.01
8 3.0 21.8 0.18 20.02 0.01
10 4.7 22.4 0.21 20.03 0.01
12 6.8 23.0 0.24 20.06 0.02
14 9.2 23.7 0.26 20.09 0.02
16 12.0 24.4 0.29 20.13 0.03
18 15.2 25.2 0.31 20.18 0.03
20 18.8 26.0 0.33 20.25 0.04
22 22.7 26.8 0.35 20.32 0.04
24 27.1 27.6 0.37 20.41 0.05
26 31.8 28.5 0.39 20.51 0.06
28 36.8 29.4 0.41 20.62 0.06
30 42.3 30.3 0.43 20.75 0.07
32 48.1 31.2 0.45 20.89 0.08
34 54.3 32.1 0.47 21.04 0.09
36 60.9 33.1 0.49 21.22 0.09
38 67.9 34.1 0.51 21.40 0.10
40 75.2 35.1 0.53 21.61 0.11
42 82.9 36.1 0.54 21.83 0.12
44 91.0 37.1 0.56 22.06 0.13
46 99.5 38.1 0.58 22.32 0.14
48 108.3 39.2 0.59 22.59 0.14
50 117.5 40.3 0.61 22.88 0.15
52 127.1 41.4 0.63 23.18 0.16
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54 137.1 42.5 0.64 23.51 0.17
56 147.4 43.6 0.66 23.85 0.18
58 158.1 44.7 0.67 24.21 0.19
60 169.2 45.9 0.69 24.59 0.20
62 180.7 47.0 0.70 24.99 0.21
64 192.5 48.2 0.72 25.41 0.22
66 204.7 49.4 0.73 25.84 0.23
68 217.3 50.6 0.75 26.30 0.24
70 230.3 51.8 0.76 26.77 0.25
72 243.6 53.0 0.78 27.26 0.26
74 257.4 54.2 0.79 27.77 0.27
76 2715 55.4 0.81 28.31 0.27
78 285.9 56.7 0.82 28.85 0.28
80 300.8 58.0 0.83 29.42 0.29
82 316.0 59.2 0.85 30.01 0.30
84 331.6 60.5 0.86 30.62 0.31
86 347.6 61.8 0.88 31.24 0.32
88 364.0 63.1 0.89 31.89 0.33
90 380.7 64.4 0.90 32.55 0.34
92 397.8 65.7 0.92 33.23 0.35
94 415.3 67.1 0.93 33.94 0.36
96 433.2 68.4 0.94 34.66 0.37
98 451.4 69.7 0.96 35.39 0.38
100 470.0 71.1 0.97 36.15 0.39
102 489.0 72.5 0.98 36.93 0.40
104 508.4 73.8 0.99 37.72 0.41
106 528.1 75.2 1.01 38.53 0.42
108 548.2 76.6 1.02 39.36 0.42
110 568.7 78.0 1.03 40.21 0.43
112 589.6 79.4 1.04 41.08 0.44
114 610.8 80.9 1.06 41.96 0.45
116 632.4 82.3 1.07 42.86 0.46
118 654.4 83.7 1.08 43.78 0.47
120 676.8 85.2 1.09 44.72 0.48
122 699.5 86.6 111 45.67 0.49
124 722.7 88.1 1.12 46.65 0.49
126 746.2 89.5 1.13 47.63 0.50
128 770.0 91.0 1.14 48.64 0.51
130 794.3 92.5 1.15 49.66 0.52
132 818.9 94.0 1.17 50.70 0.53
134 843.9 95.5 1.18 51.75 0.54
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136 869.3 97.0 1.19 52.82 0.54
138 895.1 98.5 1.20 53.91 0.55
140 921.2 100.0 1.21 55.01 0.56
142 947.7 101.6 1.22 56.13 0.57
144 974.6 103.1 1.24 57.26 0.57
146 1001.9 104.6 1.25 58.41 0.58
148 1029.5 106.2 1.26 59.57 0.59
150 1057.5 107.7 1.27 60.75 0.60
152 1085.9 109.3 1.28 61.95 0.60
154 1114.7 110.9 1.29 63.16 0.61
156 1143.8 112.5 1.30 64.38 0.62
158 1173.3 114.0 1.31 65.62 0.63
160 1203.2 115.6 1.33 66.87 0.63
162 1233.5 117.2 1.34 68.13 0.64
164 1264.1 118.8 1.35 69.41 0.65
166 1295.1 120.4 1.36 70.71 0.65
168 1326.5 122.1 1.37 72.01 0.66
170 1358.3 123.7 1.38 73.33 0.67
172 1390.4 125.3 1.39 74.67 0.67
174 1423.0 127.0 1.40 76.01 0.68
DETACT Model 2: 30 ft. ceiling
INPUT PARAMETERS CALC. PARAMETERS
Ceiling height (H) | 9.144 | m R/H 0.354
Radial distance (R) 3.2 m dT(cj))/dT(pl) 0.600
Ambient temperature
(To) 20 C u(cj)/u(pl) 0.476
Actuation temperature
(Td) 76 C Rep. t2 coeff. k
Response time index
(RTI) 88.7 (m-s)1/2 Slow | 0.003
Fire growth power (n) 2 - Medium 0.012
Fire growth coefficient (k) | 0.047 | kW/s™n Fast 0.047
Time step (dt) 2 S Ultrafast 0.400
Gas
Calculation time (s) HRR temp Gas velocity | Dettemp | dT/dt
0 0.0 20.0 0.00 20.00 0.00
2 0.2 20.1 0.13 20.00 0.00
4 0.8 20.2 0.21 20.00 0.00
6 1.7 20.4 0.27 20.00 0.00
8 3.0 20.5 0.33 20.01 0.00
10 4.7 20.7 0.38 20.01 0.00
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12 6.8 20.9 0.43 20.02 0.01
14 9.2 211 0.48 20.04 0.01
16 12.0 21.3 0.52 20.05 0.01
18 15.2 21.6 0.56 20.07 0.01
20 18.8 21.8 0.60 20.10 0.01
22 22.7 22.0 0.64 20.13 0.02
24 27.1 22.3 0.68 20.16 0.02
26 31.8 22.5 0.72 20.20 0.02
28 36.8 22.8 0.76 20.25 0.03
30 42.3 23.1 0.79 20.30 0.03
32 48.1 23.4 0.83 20.35 0.03
34 54.3 23.6 0.86 20.42 0.03
36 60.9 23.9 0.90 20.48 0.04
38 67.9 24.2 0.93 20.56 0.04
40 75.2 245 0.96 20.64 0.04
42 82.9 24.8 0.99 20.72 0.05
44 91.0 25.1 1.02 20.81 0.05
46 99.5 254 1.05 20.91 0.05
48 108.3 25.8 1.08 21.02 0.06
50 117.5 26.1 111 21.13 0.06
52 127.1 26.4 1.14 21.25 0.06
54 137.1 26.7 1.17 21.37 0.07
56 147.4 27.1 1.20 21.50 0.07
58 158.1 27.4 1.23 21.64 0.07
60 169.2 27.8 1.26 21.78 0.08
62 180.7 28.1 1.29 21.94 0.08
64 192.5 28.5 131 22.09 0.08
66 204.7 28.8 1.34 22.26 0.09
68 217.3 29.2 1.37 22.43 0.09
70 230.3 29.5 1.39 22.61 0.09
72 243.6 29.9 142 22.79 0.10
74 257.4 30.3 1.45 22.98 0.10
76 2715 30.6 1.47 23.18 0.10
78 285.9 31.0 1.50 23.38 0.11
80 300.8 31.4 1.52 23.59 0.11
82 316.0 31.8 155 23.81 0.11
84 331.6 32.2 1.57 24.03 0.11
86 347.6 32.5 1.60 24.26 0.12
88 364.0 32.9 1.62 24.50 0.12
90 380.7 33.3 1.65 24.74 0.12
92 397.8 33.7 1.67 24.99 0.13
94 415.3 34.1 1.70 25.24 0.13
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96 433.2 345 1.72 25.50 0.13
98 451.4 34.9 1.74 25.77 0.14
100 470.0 35.3 1.77 26.04 0.14
102 489.0 35.7 1.79 26.32 0.14
104 508.4 36.2 1.82 26.61 0.15
106 528.1 36.6 1.84 26.90 0.15
108 548.2 37.0 1.86 27.19 0.15
110 568.7 37.4 1.88 27.49 0.15
112 589.6 37.8 191 27.80 0.16
114 610.8 38.3 1.93 28.11 0.16
116 632.4 38.7 1.95 28.43 0.16
118 654.4 39.1 1.97 28.75 0.16
120 676.8 39.5 2.00 29.08 0.17
122 699.5 40.0 2.02 29.42 0.17
124 722.7 40.4 2.04 29.75 0.17
126 746.2 40.9 2.06 30.10 0.17
128 770.0 41.3 2.09 30.45 0.18
130 794.3 41.8 2.11 30.80 0.18
132 818.9 42.2 2.13 31.16 0.18
134 843.9 42.6 2.15 31.52 0.18
136 869.3 43.1 2.17 31.89 0.19
138 895.1 43.6 2.19 32.26 0.19
140 921.2 44.0 221 32.64 0.19
142 947.7 44.5 2.23 33.02 0.19
144 974.6 44.9 2.26 3341 0.20
146 1001.9 45.4 2.28 33.80 0.20
148 1029.5 45.9 2.30 34.19 0.20
150 1057.5 46.3 2.32 34.59 0.20
152 1085.9 46.8 2.34 34.99 0.20
154 1114.7 47.3 2.36 35.40 0.21
156 1143.8 47.7 2.38 35.81 0.21
158 1173.3 48.2 2.40 36.22 0.21
160 1203.2 48.7 2.42 36.64 0.21
162 1233.5 49.2 2.44 37.07 0.21
164 1264.1 49.6 2.46 37.49 0.21
166 1295.1 50.1 2.48 37.92 0.22
168 1326.5 50.6 2.50 38.36 0.22
170 1358.3 51.1 2.52 38.79 0.22
172 1390.4 51.6 2.54 39.23 0.22
174 1423.0 52.1 2.56 39.68 0.22
176 1455.9 52.6 2.58 40.12 0.23
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178 1489.1 53.1 2.60 40.58 0.23
180 1522.8 53.6 2.62 41.03 0.23
182 1556.8 54.1 2.64 41.49 0.23
184 1591.2 54.6 2.66 41.95 0.23
186 1626.0 55.1 2.67 42.41 0.23
188 1661.2 55.6 2.69 42.88 0.23
190 1696.7 56.1 2.71 43.35 0.24
192 1732.6 56.6 2.73 43.82 0.24
194 1768.9 57.1 2.75 44.30 0.24
196 1805.6 57.6 2.77 44.77 0.24
198 1842.6 58.1 2.79 45.26 0.24
200 1880.0 58.6 2.81 45.74 0.24
202 1917.8 590.1 2.83 46.23 0.24
204 1956.0 59.7 2.84 46.72 0.25
206 1994.5 60.2 2.86 47.21 0.25
208 2033.4 60.7 2.88 47.70 0.25
210 2072.7 61.2 2.90 48.20 0.25
212 21124 61.8 2.92 48.70 0.25
214 2152.4 62.3 2.94 49.20 0.25
216 2192.8 62.8 2.96 49.71 0.25
218 2233.6 63.3 2.97 50.22 0.25
220 2274.8 63.9 2.99 50.73 0.26
222 2316.3 64.4 3.01 51.24 0.26
224 2358.3 64.9 3.03 51.75 0.26
226 2400.6 65.5 3.05 52.27 0.26
228 2443.2 66.0 3.06 52.79 0.26
230 2486.3 66.5 3.08 53.31 0.26
232 2529.7 67.1 3.10 53.84 0.26
234 25735 67.6 3.12 54.36 0.26
236 2617.7 68.2 3.14 54.89 0.27
238 2662.3 68.7 3.15 55.42 0.27
240 2707.2 69.3 3.17 55.95 0.27
242 2752.5 69.8 3.19 56.49 0.27
244 2798.2 70.4 3.21 57.02 0.27
246 2844.3 70.9 3.22 57.56 0.27
248 2890.7 71.5 3.24 58.10 0.27
250 2937.5 72.0 3.26 58.64 0.27
252 2984.7 72.6 3.28 59.19 0.27
254 3032.3 73.1 3.29 59.73 0.27
256 3080.2 73.7 3.31 60.28 0.27
258 3128.5 74.2 3.33 60.83 0.28
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260 3177.2 74.8 3.34 61.38 0.28
262 3226.3 75.4 3.36 61.94 0.28
264 3275.7 75.9 3.38 62.49 0.28
266 3325.5 76.5 3.40 63.05 0.28
268 3375.7 77.1 341 63.61 0.28
270 3426.3 77.6 3.43 64.17 0.28
272 3477.2 78.2 3.45 64.73 0.28
274 3528.6 78.8 3.46 65.29 0.28
276 3580.3 79.4 3.48 65.86 0.28
278 3632.3 79.9 3.50 66.43 0.28
280 3684.8 80.5 3.51 67.00 0.29
282 3737.6 81.1 3.53 67.57 0.29
284 3790.8 81.7 3.55 68.14 0.29
286 3844.4 82.2 3.56 68.71 0.29
288 3898.4 82.8 3.58 69.29 0.29
290 3952.7 83.4 3.60 69.87 0.29
292 4007.4 84.0 3.61 70.45 0.29
294 4062.5 84.6 3.63 71.03 0.29
296 4118.0 85.2 3.65 71.61 0.29
298 4173.8 85.7 3.66 72.19 0.29
300 4230.0 86.3 3.68 72.77 0.29
302 4286.6 86.9 3.70 73.36 0.29
304 4343.6 87.5 3.71 73.95 0.29
306 4400.9 88.1 3.73 74.54 0.30
308 4458.6 88.7 3.74 75.13 0.30
310 4516.7 89.3 3.76 75.72 0.30
312 4575.2 89.9 3.78 76.31 0.30
314 4634.0 90.5 3.79 76.91 0.30
316 4693.2 91.1 3.81 77.51 0.30
318 4752.8 91.7 3.82 78.10 0.30
320 4812.8 92.3 3.84 78.70 0.30
322 4873.1 92.9 3.86 79.30 0.30
324 4933.9 93.5 3.87 79.90 0.30
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€5 Simplex

UL, ULC, CSFM Listed; FM Approved;
MEA (NYC) Acceptance*

Appendix L: Notification Device Cutsheets

TrueAlert® Addressable Notification Appliances

Multi-Candela Visible Only (V/O) Appliances
with TrueNAC™ Voltage Drop Diagnostics

Features

Individually addressed and controlled multi-candela

V/O (visible only) notification appliances provide:

* High intensity multi-candela xenon strobe with intensity
programmable from a Simplex° 4100U fire alarm
control panel with TrueAlert Addressable Power

Supply (TPS) or jumper selected as 15, 30, 75, or 110 cd

e Synchronized 1 Hz strobe flash rate

e Wiring supervision to each appliance allowing
“T-tapped” connections for Class B circuits to simplify
wiring (Class A circuits require in/out wiring)

e Backwards compatibility with fixed candela TrueAlert
addressable strobes on same Signaling Line Circuit
(SLC) allowing convenient expansion and replacement

e Compatibility with ADA requirements; (refer to
important installation information on page 4)

e UL listed to Standard 1971

Compatible TrueAlert Addressable Host Controls:

® 4100U TrueAlert Addressable Power Supply (TPS)
mounted in the control panel or in a remote cabinet

o TrueAlert Addressable Controller (4009T) interface
panel

With multi-candela appliances and 4100U fire

alarm control panels with TPS, TrueNAC™ voltage

drop diagnostics provide:

o Individual appliance voltage drop analysis using
appliance intensity selection, measured appliance
voltage, and SLC output voltage and current**

® Device Reports that detail type, candela rating, and
location of addressable appliances on the SLC (also
available with TrueAlert Addressable Controller
connected to 4100U using RUI communications)

o Status Reports that list the diagnostic results per
appliance on the SLC (see details on page 2)

® Requires 4100U Software Revision 12.04 or higher and
compatible TPS version

LED indicator and magnet test feature:

e Appliance LED can be selected to display each polling
cycle to indicate appliance supervision

e In diagnostic mode, the magnet test pulses the LED to
indicate appliance address AND pulses to indicate the
intensity selection; a brief output of the strobe is also
selectable to confirm operation

Mechanical design features:

* Rugged, high impact, flame retardant thermoplastic
housings are available in red or white for flush or
surface, wall or ceiling mount

* Rear of housing does not extend into box and easily
mounts to standard electrical boxes

® Access to wall mount in/out wiring terminals
(18 AWG to 12 AWG) from front of housing assists
installation, inspection, and testing

e Mounting options include electrical box adapters,
separate covers to convert color, and red wire guards

Wall and Ceiling Mount Addressable V/Os

TrueAlert Addressable Multi-Candela Strobes are
individually addressed and individually controlled with
power, supervision, and control supplied from a TrueAlert
Addressable SLC.

4100U Additional Features. When controlled from a
Simplex 4100U control panel with TPS, additional features
are available such as software selection of strobe intensity,
detailed reports of actual appliance intensity selection (see
sample reports on page 2), TrueNAC voltage drop
diagnostics, and additional setup and test diagnostics
(further detailed on page 2).

Strobe Intensity Selection

Selectable at Appliance or Remotely Selected.
During installation, a plug at the back of the housing
(visible after installation) is inserted to select strobe
output as 15, 30, 75, or 110 cd; or FACP. FACP is the
factory default setting and allows a 4100U control panel
with TPS to program the output intensity.

FACP Selection Advantages. When intensity is
selected in software from a 4100U fire alarm panel, it can
be easily changed if renovations or other usage conditions
are revised, and intensity selection errors at installation

are effectively eliminated.

" See page 3 for wire guard listings. This product has been approved by the California State
Fire Marshal (CSFM) pursuant to Section 13144.1 of the Califomia Health and Safety
Code. See CSFM Listing 7125-0026:235 for allowable values and/or conditions concerning
material presented in this documen. It is subject to re-examination, revision, and possible
cancellation. Accepted for use - City of New York Department of Buildings — MEA35-93E.
Additional listings may be applicable; contact your local Simplex product supplier for the
lalest status. Listings and approvals under Simplex Time Recorder Co. are the property of
Tyco Safety Products Westminster.

** TrueAlert addressable notiication is protected under U.S. Patent Nos. 6,313,744;
6,426,697, 6,693,532, 7,006,003; and 7,091,847. TrueNAC diagnostics are protected
under U.S. patent No. 7,333,010.

$4906-0004-2 3/2008
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Strobe Application Reference

Proper selection of visible notification is dependent on
occupancy, location, local codes, and proper applications
of: the National Fire Alarm Code® (NFPA 72%), ANSI
A117.1; the appropriate model building code: BOCA,
ICBO, or SBCCI; and the application guidelines of the
Americans with Disabilities Act (ADA).

TrueAlert Addressable Advantage

TrueAlert Addressable Operation provides separate
audible and visible appliance control functions using a
single two-wire circuit that also confirms connection to the
individual notification appli s electronic circuit. This
operation increases circuit supervision integrity by
providing supervision beyond the appliance wiring
connections.

Opportunities for Reducing Installation and
Testing Time. Separate controls carried on the same
two-wire SLC can significantly reduce installation time and
expense for both retrofit and new construction. When

Class B (Style 4) wiring is used, wiring can be T- tapped,
allowing savings in distance, wire, junction boxes, and
overall installation efficiency. In addition, TrueNAC
diagnostics further improve installation efficiency by
analyzing individual appliance wiring connections.

Addressable Product Reference

Product Data Sheet
AN (horn/strobe) $4906-0005
S/V (sp be) $4906-0006
Amber Lens Strobes (Mass Notification) $4906-0007
TrueAlert Isolator $4905-0001
TrueAlert Addressable Horn $4901-0012
TrueAlert Addressable Controller (4009T) $4009-0003
4100U Fire Alarm Panels S4100-0031

TrueAlert Device and Device Status Reports

TrueAlert Addressable Diagnostics

Appliance Type and Intensity Check. The TrueAlert
Addressable Host Control is programmed with address,
location, device type, and intensity selection. An incorrect
appliance replacement or substitution will produce a
location specific trouble allowing easy correction.

LED Communications Indicator. The host control can
be selected to pulse each appliance’s LED when it receives
a supervision poll. This feature can be left on continuously,
or activated for system testing.

Silent Mode Appliance Magnet Testing. In this test
mode, the local magnet test activates the appliance LED to
pulse sequentially to indicate the appliance’s address and to
indi the appl ’s strobe i ity selection.

Operational (non-silent mode) Appliance Magnet
Test. When this test mode is selected at the host control,
after the address and intensity selection is indicated, the
strobe will flash once to indicate proper operation.

4100U TrueNAC Diagnostic Operation

Individual Appliance Performance Analysis. With
appliances on the SLC activated, each appliance measures
its terminal voltage and reports it to the 4100U TPS where
its address and appliance type is stored in memory. The
4100U TPS measures its output voltage and current and
then iteratively analyzes all of this information against
known appli; power requi to determine
equivalent i to each appli TrueNAC
diagnostics then analyze each appliance’s wiring
connection for performance under worst case conditions
and identifies problems by appliance address.

TrueAlert Device Reports detail type, candela rating,
and location per appliance (first sample below). Fixed
candela appliances will also report, but are not compatible
with TrueNAC voltage drop diagnostics.

TrueNAC Status Reports detail the diagnostic results as
shown in the second report example below.

Service Port Page 1

REPORT 5 : TrueAlert Device Report 12:34:56am WED 2-Jan-08
DEVICE

POINT ID CUSTOM LABEL TYPE CANDELA

T14-1-1 Location Label . . up to 40 characters v/0 15

T14-1-2 Break Room 5 A/v 110

T14-1-3 Boiler Room A/V 75

T14-1-4 Elec. Room 7 A/V 30

Service Port Page 1

REPORT 6 : TrueNAC Status Report 12:34:56am WED 2-Jan-08

TPS AT ADDRESS 3

SLC 1

POINT ID CUSTOM LABEL TEST RESULT

T14-1-1 Location Label . . up to 40 characters PASSED

T14-1-3 West Hall South End PASSED

T14-1-5 Classroom 2 PASSED

T14-1-6 Classroom 3 FAILED -0.6

NOMINAL CURRENT (A) 1.34

WORST CASE CURRENT (A) 1.97

WORST CASE VOLTAGE ABOVE/BELOW THRESHOLD (V) -0.6

SLC HAS NOT PASSED UNLESS ALL DEVICES ARE MARKED AS PASSED

2

$4906-0004-2 3/2008

73



Product Selection

Multi-Candela Addressable Strobe

Model Mounting | Housing Color | “FIRE” Lettering Dimensions Description
49069201 |\ Red White 5-1/8" Hx 5" W x 2-3/4" D }
4906-9203 White Red (130 mm x 127 mm x 70 mm) | Multi-Candela Addressable
- Strobe; intensity selectable as:
4906-9202 Ceili Red White 4-3/4” x 2-5/16" x 2-5/8" D 15, 30, 75, or 110 candela
749069204 | ng White Red (121 mm x 75 mm x 67 mm) '
V/O Adapters (see diagram on page 4)
Model Description Dimensions
4905-9937 | Red  wall Mount, Surface Mount Adapter Skirt; use to cover 1-1/2" kb WX LoD
" 38 mm) deep surface mounted boxes ( X e x,. mm)
4905-9940 | White  ( depth with strobe = 4-3/8" (111 mm)
4905-9931 Wall Mount, Red Adapter Plate for mounting to Simplex 2975-9145 box 8-5/16" x 5-3/4" x 0.060" Thick
(typically for retrofit, may be mounted vertical or horizontal) (211 mm x 146 mm x 1.5 mm)
29759145 | Wall Mount, Red Mounting Box, requires Adapter Plate 4905-9931 718 x5 1/8" x 2-3(4" D
! 9 +78q (200 mm x 130 mm x 70 mm)
4905-9910 Ceiling Mount, Surface Mount Adapter Plate, zinc plated; required for 4-7/8" x 3-1/8" (124 mm x 79 mm)

ceiling surface mount

Replacement Covers for Wall Mount Strobes

Dimensions

5-1/8"Hx 5" Wx 1-1/2"D
(130 mm x 127 mm x 38 mm)

Model Description
4905-9992 | Red cover with white “FIRE” lettering
4905-9993 | White cover with red “FIRE” lettering
Wire Guards (see diagram on page 4)
Model Description
A905:9961" | Wall Mount Red wire guard with mounting plate, compatible with
4905-9926" | Ceiling Mount semi-flush or surface mounted boxes

Dimensions
6-1/16" H x 6-1/16" W x 3-1/8" D
(154 mm x 154 mm x 79 mm)

6-1/8" x 4-3/8" x 2-7/8"
(156 mm x 111 mm x 73 mm)

* UL listed by Space Age Electronics Inc.

Addressable V/O Specifications

Wall Mount or Ceiling Mount, Common Specifications

UL Listed Rating

Special Application, 17 to 31 VRMS, see Note 1 below

Rated Voltage Range

ULC Listed Rating | 21.25 to 28.2 VRMS

Supervisory Requirements 1 unit load

per SLC

Strobe Flash Rate and SLC Loading

1 Hz; with up to 46 synchronized addressable strobes

Environmental; Temperature and Humidity

32° to 122° F (0° to 50° C); 10% to 93%, non-condensing at 100° F (38° C)

Terminal Block Connections

18 AWG to 12 AWG (0.82 mm” to 3.31 mm?); 2 wires per terminal for in/out wiring

Housing Dimensions (with lens)

5-1/8" H x 5" W x 2-3/4" D (130 mm x 127 mm x 70 mm)

wall  Maximum RMS Current Rating per 15¢cd 30cd 75cd 110 cd
Mount  Strobe Intensity (see Note 2) 64 mA 98 mA 187 mA 253 mA
Current RMS Currents at other 18 VRMS 60 mA 93 mA 177 mA 239 mA
voltages (Reference) ~ 4 vRms 45 mA 69 MA 132 mA 179 mA

Housing Dimensions (with lens) 4-3/4" x 2-5/16" x 2-5/8" D (121 mm x 75 mm x 67 mm)
Ceiling Maximum RMS Current Rating per 15 cd 30 cd 75 cd 110 cd
Mount  Strobe Intensity (see Note 2) 76 mA 128 mA 242 mA 328 mA
Current RMS Currents at other 18 VRMS 72 mA 121 mA 229 mA 310 mA
voltages (Reference) 24 VRMS 54 mA 91 mA 171 mA 232 mA

“NOTES:

1. “Special Application” refers to the operating category under UL Standard 1971, Signaling Devices for the Hearing Impaired. The
rated voltage range listed is the absolute operating range. Operation outside of this range may cause permanent damage to the
appliance. Please note that 17 VRMS is the lowest operating voltage that is allowed at the last appliance on the TrueAlert

signaling line circuit under worst case conditions.

2. The maximum RMS current listed is the appliance nameplate rating. Strobe designs are constant wattage and the maximum

RMS current rating occurs at the lowest allowable operating voltage.
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Wall Mount Installation Reference, Surface or Semi-Flush Mounting

' IMPORTANT! WALL MOUNT
= O INSTALLATION HEIGHT REFERENCE
o,
Transparent ? = ? Mounting is compatible Bottom of lens
housing and with single gang, double is either even
lens ly gang, and 4" (102 mm) with, or slightly Electrical
o PVAYA -y square boxes, 1-1/2" above bottom box outline
ring —= (38 mm) deep, by others "
access hole ¢ = of eom[.::;z:
Wiring—< —_
terminals ¥ ]

-~ Mounting Holes: 4" square (4);

Strobe intensity viewing slot

">~~~ single gang (2); double gang (3) NFPA 72 requires 80" (2.03 m)
S that the entire lens minimum
s fa W% be not less than
LED indicator Seey, 80" and not greater
Removable cover. Address setting Intensity selection pI\‘J\“ than 96" above the
. 9, > )
| (tool required) DIP switch accessible only from rear of ~>¥ finished floor
L. i housing; factory setting is
Jigneto toet FACP, controlled by panel l

Ceiling Mount V/O and Guard Installation Reference

Handy box, 1-1/2" ( 38 mm) deep (RACO 650 or

Single gang box (Wiremold V5744S8) —{

2-1/4" (57 mm) deep, supplied by others

assembly, select address and strobe

equal) or single gang box, 2-1/2" (64 mm) deep
(RACO 519 or equal) supplied by others

Also can be attached to boxes mounted to drop
ceiling T-bar with clips (ERICO No. 512 or equal)

4905-9910 Adapter Plate, required for surface

Address setting DIPswitch is behind strobe \

candela setting before inserting into housing

00O

Bottom view Magnetic e -
=4 test location

mount with handy box unless using the 4905-9926
wire guard

/ Ceiling mount strobe

Optional 4905-9926 wire
guard with mounting plate

Strobe intensity viewing slot

i

'

Intensity selection plug, :
accessible only from rear of lens !
'

'

'

housing; factory setting is FACP,
controlled by panel

Surface Mounting Reference
with Optional Adapter Skirt
and Optional Wire Guard
Surface mount conduit and

box shown for reference

4" (102 mm) square box
profile, 1-1/2" (38 mm) deep

Wire Guard

i
|
i
Optional 4905-9961 ‘ E
i
[\
|
i

Strobe

4905-9931 Adapter Plate

4905-9961 Optional Wire Guard (shown here for
only, can be used on other mounting options)

Optional Surface Mount Adapter Skirt, 1-1/2"
deep: 4905-9937, Red; 4905-9940, White
(conduit knockouts are provided on all four sides)

I Services GMBH and is used under license. TrueAlert, TrueNAC, Simplex, and the Simplex logo are trademarks of Tyco

Tyco is of Tyco I
Imernmwnal Lid. and its affiliates and are used under license. NFPA 72 and National Fire Alarm Code are trademarks of the National Fire Protection Association (NFPA).
Tyco Safety Products Wi - We i , MA » 01441-0001 « USA $4906-0004-2 3/2008
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€ Simplex

UL, ULC Listed; FM, CSFM, —
and MEA (NYC) Approved* =E

TrueAlert® Addressable Notification Appliances

Audible Notification Appliances, Electronic Horns

Models 4901-9850 and 4901-9853

Features

Individually addressable, low power electronic
horn provides:

o Supervision of each individual appliance’s wiring and
connections

e Ability to connect using “T” tapping for
Class B/Style 4 circuits to simplify wiring
(Class A/Style 6 circuits require in/out wiring)

e Harmonically rich output sound suitable for either
coded or steady operation

e Magnetic test diagnostics to assist checkout and
testing of appliances and wiring

e Sound level that can be chosen at the controller to be
activated as a “high” output or a “low” output
(~5 dBA difference)

e Rugged, high impact, flame retardant thermoplastic
housing available in red or white (covers are available
separately to convert color)

UL listed to Standard 464
LED Indicator and magnetic test feature:

e LED indicator can be selected to display each polling
cycle to indicate appliance supervision

e When the TrueAlert addressable controller is in
diagnostic mode, the magnetic test pulses the LED to
indicate appliance address and is selectable to also
briefly sound the horn to confirm operation

TrueAlert two-wire addressable control of audible
(and visible notification) provides:

e Horns sounded as Temporal or March Time pattern, or
continuous, controlled separately from visible
appliances on the same two-wire circuit

e Addressable March Time rates are 60 or 120 beats per
minute

e Visible appliances connected to the same circuit
operated at a synchronized 1 Hz flash rate

TrueAlert addressable notification appliance
design provides flexible, easy, and convenient
flush or surface wall box mounting:

e Rear of housing does not extend into box and easily
mounts to single gang, double gang, or 4-inch square
outlet box

e In/out wiring terminals, 18 AWG to 12 AWG

o Optional mounting adapters are available to cover
surface mounted electrical boxes and to adapt to
Simplex® 2975-9145 boxes

* These products have been approved by the California State Fire Marshal (CSFM) pursuant
to Section 13144.1 of the California Health and Safety Code. See CSFM Listing
7135-0026:238 for allowable values and/or conditions conceming material presented in this

Itis subject to ination, revision, and possible cancellation. Accepted for
use - City of New York Department of Buildings - MEA35-93E. Additional listings may be
applicable; contact your local Simplex product supplier for the latest status. Listings and
approvals under Simplex Time Recorder Co. are the property of Tyco Safety Products
Westminster.
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TrueAlert Addressable Horns are Available in Red with
White Lettering and White with Red Lettering

TrueAlert addressable horns are individually
addressed audible notification appliances that receive
power, supervision, and control signals from a TrueAlert
addressable Signaling Line Circuit (SLC) channel. When
activated, they produce an audible output that is a loud
and penetrating, harmonically rich sound.

TrueAlert addressable operation** allows horns to
be wired onto the same two-wire SLC circuit as visible
appliances but with separately controlled operation.
Typical applications are audible notification appliances
activated as “on-until-silenced” and visible notification
appliances activated “on-until-reset.” In addition, visible
appliances (strobes) on the same circuit are activated with
synchronized flashes.

TrueAlert Addressable Advantage

Background. Fire alarm control panels typically
activate both audible and visible notification upon receipt
of an alarm. At the direction of an authorized operator (or
by pre-determined program), audible notification
appliances may be silenced before the alarm condition is
reset (on-until-silenced) while the visible notification
appliances are kept activated until the alarm condition is
reset (on-until-reset). This operation has traditionally
required two different circuits (four-wire operation).

** TrueAlert addressable nofification is protected under U.S. Patent Nos. 6,313,744;
6,426,697; and 6,693,532.

$4901-0012-3 6/2005



TrueAlert Addressable Advantage (Continued)

TrueAlert addressable operation provides separate
audible and visible appliance control functions using a
single two-wire circuit that also confirms connection to
the individual notification appliance’s electronic circuit.
This operation increases circuit supervision integrity by
providing supervision that extends beyond the appliance
wiring connections.

Opportunities for Reducing Installation and
Testing Time. Allowing separate controls to be carried
on the same two-wire SLC can significantly reduce
installation time and expense for both retrofit and new
construction. When Class B (Style 4) wiring is used,
wiring can be “T” tapped, allowing even more savings in
distance, wire, junction boxes, and overall installation
efficiency. The magnetic test feature (described below)
also can provide improved installation efficiency.

TrueAlert Addressable Control

Compatible controllers include the following:
e  4100U Series TrueAlert Power Supply (refer to data
sheet S4100-0031 for additional information)

e TrueAlert Addressable Controller, an intelligent
interface panel that connects between the host fire
alarm control panel and the TrueAlert addressable
notification appliances (refer to data sheet S4009-0003
for additional information.)

Product Selection

TrueAlert Addressable Diagnostics

Test Features. The TrueAlert Addressable Controller
can be selected to pulse each appliance’s LED when that
appliance receives a supervision poll. When the TrueAlert
Addressable Controller is selected for diagnostic mode,
the TrueAlert addressable appliance magnetic test feature
provides a response at the individual appliance being
tested.

Silent Appliance Testing. In this test mode, in
response to the magnetic test, the appliance LED pulses
sequentially to conveniently indicate the appliance’s
address.

Operational Appliance Testing. The LED diagnostic
test mode can be selected at the TrueAlert Addressable
Controller such that after the address is indicated, the horn
will briefly sound to indicate proper operation.

TrueAlert Addressable Wiring Isolator

The 4905-9929 Isolator Module is available for use
on TrueAlert addressable circuits to isolate short circuited
wiring from functioning wiring. (Refer to data sheet
$4905-0001 for further information about the TrueAlert
Addressable Isolator Module.)

TrueAlert Addressable Electronic Horns

Model Description Dimensions
4901-9850 | TrueAlert Addressable Red with white *FIRE” lettering 5-1/8"Hx 5" W x 1-1/2" D
4901-9853 Electronic Horn White with red “FIRE” lettering (130 mm x 127 mm x 38 mm)

Mounting Adapters
Model Description Dimensions
4905-9937 Red Surface Mount Adapter Skirt Use to cover 1-1/2" 5-3/8”" H x 5-1/4” W x 1-5/8" D
deep surface mounted (136 mm x 133 mm x 41 mm)
4905-9940 White Surface Mount Adapter Skirt | boxes Total depth with horn = 3-1/8” (79 mm)
4905-9931 Adapter Plate, red, for mounting to Simplex 2975-9145 Box 8-5/16" x 5-3/4” x 0.060” Thick
(typically for retrofit, may be mounted vertical or horizontal) (211 mm x 146 mm x 1.5 mm)
2975-9145 | Red Mounting Box, requires 4905-9931 Adapter Plate 7-7/8" X 5-1/8"% 2-3/4"D

(200 mm x 130 mm x 70 mm)

Optional Covers and Guard

Model Description Dimensions
4905-9988 Red horn cover with white “FIRE” lettering For
replacement 5-1/8" H x 5" W x 1-1/2" D
4905-9989 | White horn cover with red “FIRE” lettering c;’r:vce"rggn (8 men X427 mon x38 v)
£4905-9961 Red Wire guard with mounting plate, compatible with surface 6-1/16" H x 6-1/16" W x 3-1/8" D

or semi-flush mounted boxes*

(154 mm x 154 mm x 79 mm)

* UL listed by Space Age Electronics Inc.
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Installation Reference

Mounting is compatible with £ ¥
single gang, double gang, and
4" (102 mm) square boxes, 7 o
1-1/2" (38 mm) deep, by others ‘ ( )

Mounting Holes: Lo ) Con
Single gang (2) - il ) | i

Double gang (4) —— \@ | TN
4" square (4)———% — ()
] 0 O O© @ [ — '

Address setting—
dipswitch

|

ORI CRi>

Input wiring test points are
DSOS @ ] avaatiewtnco

LED indicator location :|

s J' available with cover removed
= (wiring terminals are
True®uere 1 accessible from rear )
Magnetic
test location
C 5 )
C L )
e C ¥ & )
! C 1.4 ) Removable cover
H y
.4 5 = (tool required)
C )

__FIRE

Adapter Plate Installation Reference

4905-9931 Adapter Plate

/ / — 7 / 2975-9145 Box \
/ I S I

X =
ol =

T

T
1

IR 4
/ \
4905-9931 Adapter Plate
o N TrueAlert

Addressable Horn

4905-9961 Optional Wire Guard
(shown here for reference only, can be used on other mounting options)

3 $4901-0012-3 6/2005
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Specifications

Electrical Ratings

Rated Voltage Range 17 VRMS to 31 VRMS, see notes below
Supervisory Requirements 1 unit load
& & 17 VRMS 24 VRMS 31 VRMS
urrent Ratings, - = = -
Homn Activated Setting High Low High Low High Low
Current 19 mA 14 mA 27 mA 22mA 37mA 29 mA

Sound Output Ratings (dBA) @ 10 ft (3 m)

17 VRMS 24 VRMS 31 VRMS
Sound Type (see Note 3) Steady Coded Steady Coded Steady Coded
Setting | High | Low | High | Low | High | Low | High | Low | High | Low | High | Low
Reverberant Chamber, UL 464 Test | 846 | 79.1 | 806 | 755 | 863 | 815 | 824 | 772 | 884 | 843 | 845 | 792
Anechoic Chamber (see Note 3) | 90 84 86 80 93 87 89 83 94 90 90 86

General Specifications

Sound Output Characteristics 2400 to 3700 Hz sweep, modulated at 120 Hz rate

Temperature Range 32°t0 122° F (0° to 50° C)

Humidity Range 10% to 93%, non-condensing @ 100° F (38° C)

Connections I](Ieg:tlr;walnzg)cks for 18 AWG to 12 AWG (0.82 mm? to 3.31 mm?); two wires per terminal for
NOTES:

1. TrueAlert addressable appliances are required to be connected to a TrueAlert Addressable Channel where both power and
communications are supplied. Refer to TrueAlert Addressable Controller data sheet S4009-0003 for additional information
about wiring rules and distance limitations.

2. The rated voltage range listed is the absolute operating range. Operation outside of this range may cause permanent damage
to the horn. Please note that 17 VRMS is the lowest operating voltage that is allowed at the last appliance on the TrueAlert
signaling line circuit under worst case conditions. Voltage drops and standby battery calculations should be made using
anticipated operating conditions.

3. Coded values are typical of the output measured with a Temporal or a March Time pattern and with a sound level meter
reading on a “fast” setting. Under the same test conditions, coded hom output “peak” sound level readings are typically 4 dBA
higher. Anechoic horn output ratings are typically more representative of actual installed sound output.

Side View, Horn with Surface Mount Adapter Skirt

(Surface mount conduit and
box shown for reference)

|— 4" square box profile,

Optional 4905-9961 Wire Guard —] 1-1/2" (38 mm) deep

[e=:

TrueAlert Addressable Horn—|

Optional surface mount adapter skirt , _/
1-1/2" deep: 4905-9937, Red; 4905-9940, White

(conduit knockouts are provided on all four sides)

Tyco, Simplex, and the Simplex logo are trademarks of Tyco International Services AG or its affiliates in the U.S. and/or other countries. NFPA 72 and National Fire Alarm Code
are regi. 1 trademarks of the National Fire Protection Association (NFPA),

s Simplex Tyco Safety Products Westminster « Westminster, MA « 01441-0001 « USA S4901-0012-3 6/2005
®! www.tycosafetyproducts-usa-wm.com
© 2005 Tyco Safety Products Westminster. All rights reserved. All specifications and other inf ion shown were current as of document revision date and are subject to change without notice.
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Appendix M: NFPA 72 Table 14.3.1

INSPECTION, TESTING, AND MAINTENANCE 277
Table 14.3.1 Visual Inspection
Initial Periodic
Component Accepiance  Frequency Method Reference
L. All eguigment X Anmual  Ensure there are no chinges that alTect 11354
equipgnent perfomance, Inspect for
building modifications, occupancy
changes, changes in environmental
condilions, device location, physical
ohst ructians, device orientation,
physical damage., 2nd degree of
cleandiness.
2 Control equipment:
() Fire alarm systems monitered Verily a system nonmal condition.
Fesr alaren, supervisary, and
trauble sigrals
(1} Fuses X Anral
(%) Interfaced equipment X Anmual
(3 Lamps and LEDs X Annual
(4} Prienary (main) power supphy X Anral
rouhle signals X Semiannuzl
() Fire alarm systems Verify u system nommal condition.
unmeaanitored for akiom,
supervisory, and trouble signals
(1} Fuses X Weekly
(2} Interfaced equipment X Weekly
(3} Lamps and LEDs X Weekly
(4} Prienary (main) power supply X Weekly
(5} Trowble sgnals X Weekly
3. Reservedd
1. Supervising station akarm systems — Verify lation, physical condition, znd a
Lrnsmitiess system nonmal condition.
(a) Digital alarm communicaier X Annual
Lransmitee T}
(k) | alarm radio transmiter X Anrmaal
(€} MeCulloh X Annual
(d} Radic alurm bransenitier (RAT) X Annual
(e} All exher mypes of X Anrmal
commnicaors
5. Inbuilding fire emergency X Semmiannuzl Verify lestion and condition.
woioe akarm commni
equijment
B Reservesd
7. Beserved
E. Reserved
8. Batteries Inspect for corresion or lezkage. Vesify 10.6.10
tightness of connections. Verily
marking of the month,
anufaciure {all pes).
X Monthly  Visually inspect electrolyie kevel.
X Semiannuz]
{c) Prienary {dry cell} X
() Sealed bead-acid X Semiannuzl
1. Reserved
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7298

TIONAL FIRE ALARM AN SICRALING CODE

Tahle 14.3.1  Cominued
Indcial Perioadic
Companent Acceprance  Frequency Method Beference
11, Remole annunciators x Semiznnual Yerify location and condition,
12, Notification appliznce drouil power X Anmuzl  Verify proper fuse ratings, iFany. Verily 10.6
extenders that Exmps and LEDs indicue normal
operabng status of the equipment.
15, Remole power supglies X Annuzal  Verify proper luse ratings, iCany. Verify 10.6
that lmps and LEDs indicue normal
operzbing status of the equipment.
14, Transient suppressors X Semiznnual Verify location and condition.
15. Reserved
1. Fiberoplic cable conneciions X Annuzl  Vedify location and condition.
17, Initinting devices Verify location and conditien (il
devices).
{a) Air sampling
(1) Ceneral X Semiannual Vesify that indine filers, if any, are clean. 17.7.56
(2 Sumpling system piping and X Verify that sam pling system piping and 17.7.56
sampling ports Aretings are installed properly, apper
airtight, and are permanently Axed.
Confirm that sumpling pipe is
eonspicuousty identified. Verify thar
sarmple poris or poinks we no
obstructed.
(b)Y Duct detecrors
(1) Cene X Semiannual Vesify thal detector is rigidly mownted,
Confirm that no penetrations in a
rebwrn air dhect exist in the vicinity of
the detector. Confirm the detecior is
installed so as wo ssmple the aisteam
at the proper location in the duct.
(2) Sampling tube X Verify proper orientation. Confirm the 17955
saenpling wbe protrudes into the de
in accordance with system design.
() Electromechanicz] releasing X Semiznnual
devices
{d) Fire extinguishing systemis) or x Semiznmual
suppression systemis) switches
{e) Manual fire alarm boxes X
{0y Hear devectors X
{g) Badiznt energy fire deteciers X Verify no point requiring detection is 178
obstructed or cutside the detecior’s
Field af view.
{h) Video image smoke and fire x Quaniedy  Verify no point requiring detection is
deleciors ohstrucied or cuiside the detecior’s
Field of view.
{i} Smoke detectors (exchuding X Semizn nual
ane- and two-Family dwellings)
1) Projecied beam smoke delbeclons X Semiznnual Verify beam paih is unobsiructed.
1k} Supenisery signal devices x arierly
{1 Warerflow devices X Chuarnterdy

18.  Keserved
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STINCG, AND MAINTENANCE 72-79
Table 14.3.1  Contimmed
Initial Periodic
Component Accepuance  Fregquency Mechod Beference
1%, binaticn systems Werily lecation and condition (all types).
() Fire extinguisher electronic X Semiannuzl
manikring device sy
(b} Carbon monaxide X Semiannual
detectors /systems
20, Fire alarem control interfee and X Semiannuzal Verify loetion and condition.
emergency control function interface
21, Cuard's bour equipment X Semianmuzl  Verily location and consdition.
22 Notifiezbon agpliances Werily location and condition {all
appliznces).
() Audible appliances X Semiannuzl
(B} Audible textual notificxtion X Semiannuz]
ances
{c} Visible applinces
(1} Ceneral X Semiannuzal
(2} Candela rting X Werily that the candela rting marking
agrees with the approved drawings.
23, Exit marking audible notification X Seeniannuzal Verily ketion and consdition.
appliances
24, Reserved
5. Area of refuge ovooway X Anmaal  Verify lestion and condition.
communiction syslem
26.  Reserved
27, Bupervising station akarm systems —
X Daily Werily receipt of signal.
(B} Beceivers X Anmaal  Verify lection and normal condition.,
28, Public emergency alarm reperting Verily lecation and condition.
system bransmission equigment
() Publicly sceessible alarm box X Beminnnus]
B Auaxilizry box X Anmuaal
e} Master box
(13 Manual operation X Semiannuzl
(2} Auxiliary operation X Annual
20, Beserved
30, ification system
iiored for integrity Verify a system normal condition.
trol equipment
| Fuses X Annual
¥ Interfaces X Anmaal
i) Lamps/LED X Anrual
{iv) Primary (main) power X Anmual
sugiply
(2} Secondary power batleries X Annual
ng devices X Annual
(4} Notificaion appliznces X Anmual
femmpinw
7280 BATIONAL FIRE ALARM AND SICNALING CODE
Table 14.3.1  Comtineed
Inirial Perindic
Companent Acceprance  Fregquency Medhod Reference

. Mass nedification system {comfinwed )
{b) Not menitered for integrity:
installed prior o adoeption of
the 2010 edition
(1) Control squipment

(i) Primary
supply
12} Secondary power balieries

ain) power

ng devices
feztion apgliances
{ch Antenna

{d) Transceivers

e

Semiannual
Semiznmual
Semianmaal
Semiznmual

Semiannual

Semiannual

Semiannual
Annuzl
Annuzal

Verify a system normal condition.

Verify location and com
Verify location and con
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Appendix N: NFPA 72 Table 14.4.3.2

INEPECTION, TESTING, ANT MAINTENANCE

T2-El

Table 14.4.3.2 Testing

Compooe Accepaance  Frogquency Medchod
L. All equipmen: X See Table 1130,
I Convrol equpment and cranspender

(al Funoions Annually  Verily correa receipe of alarm, sapervisory, and iouble signals (inpus);
aperuion of evacuzion signals and auxiliary funmions (owpurs); droin
supervsian, including deeciion of open cirosis and grownd fules; and
pewer supply supervisian for deemion of bass of ac power and
discannecing of seeondary baneries.

(k) Fuses X Anmzlly  Verily raing and supervision.

(ch Imerfaced equipmen: X Anmzlly  Verify inaegrity of single or multiple circis providing inerface beossen twa
ar mare concrel wnies. Test inerfaced equipment conneciions by
al uing or smubiing opermion of the equapment being supervised.
\-J:'E lig';lkrequimaamglnnmdmd :lqlhgmnunl unrﬁl. o

b [amps and LEDs X Anmazlly  [luminae amps and LEDs.

(e} Pramary {main) power X Anmally  Disconnea and wsall sscondary (samdby) power under maamum load,

supply inclisding all alarm sppianees requirieg smlcnesus person.
Recoanen all secondary (smndby) power an end ol s Tes redundan
[peewer supplies separsely.
3. Fire alarm conirod unit crouble ssgnals

(ak Audible and viszl Anmzlly  Verily operuian of eomrod unit crouble signals. Verify ring-back feare for
symiems using 3 wroublesilendng seich cha requires resening.

(k) Disconnect swiiches X Anmzlly I comecd umi hes disconnen or isolaing swiches, verify performance of
imended funcon of each swiich. v;?.ﬁr, receipt of rouble sigral when 2
supervsed funoion is dsconnecied

(e} GroundEush mosioring % Anmzlly [P the ssiem has 3 ground deewion feawsre, verify the occusrence of

cirosi grownd-faulc indicuzon whensver any irsalizion conducior is grounded.

(d} Transmassion of signals 1o X Anmally  Aougwe an ingiaing device and verify receipnof abm signal ache

il premises locwson alfpremases locuion.

Creaue a wrouble condicion and venfy receipe of 2 crowtde sgnal 2 che
alfpremises locmion.

Acnmie a supervisory device and verify receipn of a supervisary signal an the
alfpremises lecuicn, 7 2 cansmisicn curier is capshle of spermion
wrrder a single- or muhiple-faul condmion, achae an inidaing device
dusring sisch faul condition and verify receiptof 2n alarm sigral and 2
wrouble sigral ar the alEpremises locsion.

4. Supervising sation alarm siens — tEasmision
Equipment

Cak All ecpuipmens X Anmzlly et 2l sysiem functions and fezres in accordanee wilh the squipmen
manufaruerer's published insructions for eormen apermion in
conformance wich the applicible secions of Chapaer 26.

Excep for DACT, aoume ingiaing device and verify receipr of ithe oorrec
instiaing device signal au |hemﬁ:r\i:ing;mion within 00 secoads. Upan
compleion of the iest, resiore the sseem o Gs funasonal opersing
cendition.

IF cem jacks are umed, conduct the i and Bsuiess widiow che use of the
tesi jark,

(b Digicad abarm X Anmzlly Exnepljl'ormf_'[s insclled prior o adopaion of the 2013 ediion of NFPA T2

COMUTILLN G0 Crmsmier tbrut are enanecied i elephone ling (number) tha & also supervised
(DACT) o adverse conditines by a derived lncal channed, ensure connemion of

ibee DACT ar oo separae means of mansmission.

Test DACT For line =eizure cypabdivy by inimeing a sigral while w=ing the
elephoa line (peimary line for DACTs ming oo elephone lines) for 2
welephinne call. Enmare thas the call is imerngpeed and thar the
comemursr conaeos i che dgial alarm receiver, Verdy receip of the
corren. sgnal a0 the supervisng sunion. YVenify each wmansmission acemgn
s coenpleied within 00 secnads from gaing olhook 1o ook,

fermtimuse |
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Tahle 14.4.3.2  Continued

Iaicial
Componens Accepaace

Perindic

Frequency

L Supenisingsuuion alarm smems — ransmision

Erquipmen:
bl Digival alarm communicuos
warsmier (DACT)
jeoniined )

fch Diginal alarm radio X
wraeminer (DART)
il McCulloh transmaner X

fe) Radio alarm wznsminsr X
(RATY

A Prerformance-based. X
swchnulogies

Ancmually
Anually

Anually

Ancmually

Discoanes the selephone line { primary line for IACTs wing oo cdepbione
lires ) Troen the DACT.

Verify indicuion of the DACT wouble sgnal eoours an the premises Sre abem
conwed unit witkin 4 misues of deeaion ol the Bl Verfy receip of the
peleplne Ene crouble sigoal w ibe supenising sason. Resione the elephane
lime {primary line for IACTS usieg, owo selephone linest, resethe finealarm
conirod unit, and verify tha the ielephone line Ful iouble sizral rewrs o
mormal. Versfy o the sspenvsing suion receives the ressoc) sigral from
che DACT.

IDiscoanece che secoon mesarss of cransmizsion from the DACT. Venfy
imdicuicn of the T erouble sigral noous a che premises fire alarm
conwed unit witkin 4 mirues of deeaion of the Gl Verdfy receipof the
seomnedarey means crouble sgnal a the supervsing saion. Resioee the
secnndry means of iransmisson, reset the fire alarm conrel wmil, 2od verfy
that the st signal rensrns s noeeral. Verify tha &Empenisingnliun
receives the resinral signal from che secnadarny cransi

Cuse the ACT 10 crassem 2 sgnal v the DACK while a&dun the wlephone
line {mumber] {primary Eine Sor AT using ow selephune lines) is
simubued. Verfy wilizuion of the secondary communicuion pah by che
IJJ\.L'I.'chnmp?m: the irznsmissice w e DACK. =

I3 the primary line Verify esion of 2 wowhle signal i
the supenvising simion by the IART accurs within 4 mimies.

Acnzue inicuing < r_\'nrlfvw:ndunnn of ot Jess than chree complene
rrands il nest dess than (e sigmal impulses mch by the MeCulioh
ERINSMinEr.

IFendoo-end metallic conieminy is presen and with a balanced dreuil, cuse
each of the following four irsemision channe Bule condidoes in curn, 2nd
verily rrcripn of correo sgrals & the aspervsing salicer

(1} Open

(2} Crmund.

(3} Wireanawire shor

(4} Openand ground

IF endoo-end meallic comiemity is nec presem and with 2 properdy balanoed
cireuit, cse sach of the [ollowing chres cransmzsson channel Eul
conditsans in nsrm, and versfy recsips of cormee: signals a che mupesising
sttt

(1 Open

2h Coomand.

(3} Wirean-wire shor

Caume a Bl bmm:nneiememsdlhemllruwrgngwpmnm\eﬂ&lnmamn
of the fauli 3 the procecied premises, o iransmissnn of wouhle sgnal o the
supervising s,

Perfarm 1ass i ensure the monsoring of imegrir of (he cansmesian

vechnodogy and inchaology pah-

Where 2 single path & used, i \he comamunicaon
by Manuzlhy iniccue a0 alarm signal cansmission o allow che chedin
{asudlshiake) signal s be rsmined muomascally Verily the premises unic
ansmuncawes the failure wichin 200 ssconds of the cansmsion Gilure,
Reore the oommusscaion pach.

Where mubtiple commumicuion are used, disoonnect bolh
comemunicasan paths A tize: an abarm signal iraremision. Verify
the premises conarol uni annunciaes ihe Gilure within 200 ssoonds of the
cransmisson Filure. Resoe both commusicsion patbs

5. Emergency comamunicaions
coquipmen:

tab Amplifier/ione generuors
i) Callin sgrral silence

teh Offhook indicusr (ring

B

mwn
{db Phooe jacks

An

Anemually
Anually

Verify correc swivching and eperuion of back: pment.

Operae/ Fanciion ul?mf}wm;puarmum fm audie sigrals ar
concred uni.

Irezall plvone sa1 e remove phane from Bk and verfy receip ol signal a
eonerod unil.

Visually inspea. phone jack and inidae communicuios paih throegh pok

84



INSPECTION, TESTING, AND MAIN TENANCE 72 _B5

Tabbe 14.4.5.2  Comtimued

Composent Accepuance  Frequency Modiod
Anmally  Activae each pheae sex and verfy coerent operation.
Anmmlly  Operae ihe sysem wich a manimuwm of amy fve handses simulaneously.
Verify voice qualivyand clariy.
6. Enginedriven generuor X Maonthly  ITan engine-driven genermor dedicaied o the sysiem s wsed 22 required
power source, verify operaion of the genersne in accordance wi
NFA L0, stamdaral for Seergency ama Slanddy Fooer Sy, by the building

e} Phone sex
I} Swsiem performance

B

awner.
7. Secondary (sandby) power X Anmamlly  Disconnen all primery (maind power supplies and seffy the occurence of
supgply resquired irouble indicuion for los of primary r. Measure or verify

the symem's siasdby and alarm currene demand and verify |11n:bi|i|yu|'
baneries o meer mandiy and abrm requremends using manufcwrer's
daia. Operae general alarm sysiems 2 minimusm of 3 minuses and
EMETRENLY Voire comimusnicatons sysems Fora minimum of 15 mines.
Reconnen primary (main) power supgly e end of s

B Unineerrupaible power supgly X Annually  ITa UPS sysiemn dedicied o the sysiem is used as 2 reguired power sournce,
(UPSH werify by the building cwner operagon of the UPS spmiem in sccordance
with MITHA 11, Stamsam on Slomd Elines! Enepy Emegmy and STandty
e

0. Bauery iess Ptiormcnndnninﬁ_q‘hw:ry sy .wcil').'b.\.'m:yemncnndnm.inrlhelﬂl.

shau all syzem saloware soced in vebuile memory is provecied from loms
i) Leadacid orpe
{1} Baniery replacemem X Annumlly  Replece baureries in accoadance with the recommendasioes of che alarm

i 1 mansfaciureror when the rec ed bmoiery vl OF CUITenE

Em the mamufacurer's mmmlrtendh:?ﬁn:. R

{20 Clurger pest X Anmally  With the banenes fully charged and connecied 1o the charger, mezure the
voliage zcross e baeries with 2 volemeser. Venfy ihe volage =230 vols per
coll =102 vols ar TI°F (25°C) ar s specied by the equipmen: manufacures.

€31 Discharge s X Anmally Witk the banery charger disconnemed, loal rest ihe banesies fallowing the
mansfcrer’s recommendagons, Verily the voliage kevel does no Gll below
the: leveds specified. [oad tesiing can be by means ol an sndfidal kad squl o
thee sl fre: abarm load connecied 1w he baery.

) Load voliage wst X Semiannanlly Witk the anery charger disconneced, loar st ibe baerics Fallowing the
manfanmrer’s recommendasans. Verify the voliage bevel does noc il belme
the leveds specified. Load westing can be by means of an anifical kad equl 10
thee izl Gre abarm load conmecied o e bawery, Yerfy the beuery does oo
2l brdow 205 volus per el under load.

5} Spedhc grod X Semiznnaplly  Measure o= required (e il gravity of the liguid in the piloc coll or all of the

Spefc raiy T ok '.':n'rgiqlhzspuciﬁ:';;iq'als within che mqngc specif u:l by 1he

manscmrer Alch the specified specfic grmity varkes from
mancficmrer 1o mansacmrer, 2 rnge of 1505123 is wpecl for regular
Seardacid bauerics, while 1.280-1 260 is ypical for high-performmnce
haneries. Do not use o hydromeser than shows oalya. or il condiion of
the banery and does noindicue the specific grmy, such a reading
dues powgive a e indicaion of the bauery condiiion.

i) Nackedcadmium eype

(1) Bauery replacemem X Ammmlly  Replece baeries in acoondance with the recommendasoss of che alarm

exquipment manufaorer arwhen the recharged toery valage or curren:
. falls below the manufacmrer's recommendaions.
1) Charger cest X Anmzlly Witk che baneries fully charged and conneaied 1o the charger, place an ampere
g ’ Meter in sesies witk the hmneryunﬂer:hargg.\-’eril’_\-mm%ng currentis

in with e s rex joers for the npe-af
baneryused. In (he absence of specific informmion, use e 10 Y al he
baniery ruing.

43 Disscharge 1es X Anmally  With the banery charger disconneced, load cestibe baeries following the
manufomrer's recommendasons. Verify the voliage kevel does noc Gl belms
the: leveds specified. Load wesiing can be by means of an anifidal kad eqol o
the: fisll fire: akaren load connenied o the bamery.

04 Lovard woliage st X Semiznnanlly Witk che hanery charger disconnemmed, load eesiibe baesies Fllowing the
mansfomrer’s recommendasons. Verify the voliage bvel does noc Bl below
she levels specified. Load testing cun be by means ol an znifical boad eqml 1o
the sl re: abarm load connecied w die baery. Verify the Noa vl cge for
the eniire banery & 1. 42 vohs per cell, nominad, under lozd. IF poesible,
mezsure cells individuzlly,
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BATIOMAL FIRE ALARM AND SFCNALING CODE

Table 14.4.3.2  Comfinmed

Component

Tnitial Perindic
Accepaace  Frequency

9 Bauery wsis (comtned |
() Sealed lead-add wype
(10 Bauery replacemens

(23 Charger wes

(3 Discharge 1zs

(1) Lead vlage e

X Annually
X Annually
X Annually

X Semianmenlly

HReplace baneries in aconedance with the recommendaions of e abrm
i penent manufacisrer or when (e rock: auzery vol ar
2::2;‘&“; bedow the manufiomwrer's recn;?fndm:bzs =

With the baueries fully charged and connecied ve che charger, measure ihe
voliage across the bameries with 1 vohmeser. Verily the vologe is 2.50 wls
per coll +0.02 volis = T7°F (25°C) or as specified by the squpment
emnufacmurer.

With the bauery charger disconneaed, load s ibe bausrizs Rallowing the
manufzcorer’s recommendaions, Yenfy che volage level does noc fall
belaw the levels specificd. [osd tesing can be by means of an an#ical
Ioad equal o the full fire alarm ked connecied ke bamery.

Verify the bauery performs under lnad, in accordance wich the baoery
mmnufacrurer s speclficaions.

10 Pubfic emergency abirm
FEPOITNg s¥siem — wired sysiem

X Daily

Manuz! s of ihe power supply for public repuring circuits shall be made
and recorded a1 kst onee during each 24-hour period. Such wesis shall
include the following:

C13 Currens sirengeh of each drasi. Changes in currene of asy ciros
exceeding |0 percent shall be invesigaced immediaely,

(23 Volage across serminals of each circuic inside of eerminals of proveciive
devices. Cranges in voluge of amy drmsic excesding 10 percem skall be
ivestigared immedianely.

3" \"ﬂ?bemnen pround and circuiss, [ ihis 1 shmes 2 reading in
excess of 50 perceni of tha shown in the vt specified in (2], the crmshle
shall be immediauely locaced and deared. Readings in exces of
n enashall be given eardy auenson. These readings shall be when
wilfc:lml:dibmnd imieer of nod more than 10 ohms resisance per voll
Syscems in which each drosi is supplied by anindespendent asrrent
source {Forms 3 and 4) require 1esis beoween ground and each side of
exch droui. Common current ssurce sysems (Form 21 require voliage
pems benween ground and each rerminal of each banery and ocher currens

sHarce.
043 Crowund azrrene reading shall be permived in liew of (33, I chis method
of wsing is used, all grousds showing a currend reading in exces of
5 pereent of the mapplied line oarren: shall be given immedize suenion.
(5 Viodiage across serminals of comman bauery an swicchiboard sde af fuses.
(6} Velizge beween commen banery cerminaks and ground. Aboormal
ground readings shall be invesiguied immedinely.
Tems specified in (5) and (6} shall apph only v those sysiems wsing a
cammen bauery. IF muee than one common baery is wed, ea
commen bauery shall be wesied.

11. Remnoce annuncizors

X Annaually

Vesify the correa operason and identificaion of anaundaors, If provided,
verify Lhe carrec: operaion of annuncisos under a Bl condaion.

12 Reserved

13 Reserved

14 Reserved

15 Conduciors — meallic
i) Siray volage

b} Corownd frules

e Shom-crcuic faubs

Test all insallagon conducioes wich a vl chmmeser wo verdy tha there are
oo sy (unwaniedh voliages beoween insallaion conduciors or berween
installaion conducors aml e, Verify the maximum alkmable sy
woltage does not exceed 1 vl sc/de, undess a differens threshold is
specified in the pubfished manuficwrer’s insnsioes for che insalled

eqm'fmr:m.
Test all insllason conducioes, ocher chan thase incenconally and

permanenily grounded, for sotation from ground per the insilled
equipament manufacusrer’s pusblished inserucicns.

Test all insmllaton conducines, ocher chan thase incendonally conneced

vogeibier, for condumoricconduaor iseladgon per the published
manufzcorer’s insinuaions for the insalled equipment. Alse st these
same ciros condueior-an-ground.
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Tablke 14.4.3.2  Comtimued

Composem Acceprance  Frequency Medind

id) Lonp resismnoe X N Vith ezch iniiming and indicaring circuis insallsica conducior pair
shun-circuised a1 the far end, mesmare and record the resisance of zach
circuin \:rll’\. |I|:.: d:u:Jn-op rm.moe does not exceed the Bmiv specified
in the publish e the insalled equipment.

) Ciresic imegriny X M4 Fornisal and re'znccpnncl:lr‘_surgg + confirm the introdiaiue of 2 Bulrin
ary circuit mosivored for imegrity results in 2 wouble indscaion a the
fire alarm conurol unis Open one connecion 2 nocbes than 10 percens
alu saing devices, nodficuion appliances and conrelied devices on
every inmuing device arouil, nodficuion appliance droum, mdﬁn:ﬂinﬁ
line eircuic Confirm 2l cirosis perform a5 indscued in Seciions
236, and 117,

NSA Anmally  For periodic wsing, s each infiuing device drnsi, nocificuion applianee
circuit, mdngn:l]lru{lmecm:ul:I'olconecundaununmlhe:nmm!unu
Coalirm 2| circus perform 2= indicued in Secions 25.5, 256, and 237,
16, Conducioes — nonmeallic

(a} Fiber apdrs X N Tesi the berapic iransmision line by the use ol an apdol B meter ar
v an opocl ame domain relleciometer wed 10 mezare the rebeve
power loms of the line. Test resdly daca miza meer or exceed ANSLTIA
SRS, optécal ber Cabitmg Crmygemenits Standard, relaied w Rberopdc
lines and connecdon/splice loses amd che conarel uni manudsourer’s
published spedficuions.

k) Circuic incegry X ML Foranisizl and reacceprance wesing, onfirm the imrodsoiva of 2 Eulin
amy circuit mosivared for imegrity results in 2 wouble indscaion a the
fire alarm conwred unit. Open one connection 21 no s than 10 percen:
al she inigating devices, nualicuion appliances, amd conrolied devices on
vy ing device drouil, nefcuion appliance drous, and sgnaling
line circuic. Confirm 2l drosis perfonm 2 indscued in Secions 25.5,
236, and 23.7.

NSA Anmzlly  For periodic wsiing, 1es each iniiiing device cirogis, nodficaion appliance
circuin, anﬂ!gnn]qulmecm:mtI'orcoﬂecundxnnunmlhecnmmlunu
Coafirm 2ll cirosis perform 2= indscued in Secions 25.5, 256, and 237,
17. Inisiming devices’
(ab Elecrromechanical

releasing device

{1 hnﬂrmmhle-tmn limk X Anmally  Verily cormeo operaion by removal of the fusibde link and operagen of the
assncized device. Lubricue 10y maving pans as necessary.

{2} Restorable-rype links X Anmally  Verify comea operstion by removal of che Fusible link and operion of the
associmed device. Lubricus any maving pans as necessary,

(k) Fire mainguishing X Anmally  Operue the swicch meshanically or eleariclly and verfy receip of signal by

msiemis) or sappresion i fire alarm conared una,
sstemis) alarm swich . i

i} Fire-gas and ocher X Anmally  Tes fre-gas deweaors and other fire deteriars 2s prescribed by the

deterars manufacusrer aod as necessary for ihe applicaion.

(d) Hea desecrors

{1} Fixedoemperamre, X Anmzll Perform hem vem with 2 lisied and labeled hes source oz in sccordance wich
rae-olse, rae of {mee 14.4.4.5) ihe manufacuerer’s published nscrucions. Asaare tha the s mesbod for
COMpErIie, the insialled equipmen: does nos damage the nonresocatde
remurable line, spoc oype fixedcemperuure element of a combinaion
(exduding pnewmaic raipalise/ Ticed-wemperure demen dessoor.
ushe 1yp

2 Elud-:l:mpenmne. X Anmally Do no perdform bean e, Tes i chianically and i
nenresirable fine rpe Measure and record loop resisunce. Investigace changes from accepiince

=

13} Fixedeemperamre, X See Method  Afier 15 vears from inddal insallaion, replice 28l devices or have  deccors
nonresiorable spou vpe per 100 laboravory wemed. Replace the 2 deieaors with new devices, IMa

Tailare occurs o any of the devecors remeved, remane and ies: addaicnal
deveciors v desermine gither 2 general problem imvolving fauley descrars
ara lnalied problem involving | or 2 defecive deieoors.

Il desecrors are wesied insiead of replaced, repes wss ar incervals of 5 years.

{4} Noarezomble (generall X Anmzlly Do not perform bear wesis. Tes funasonalin: meckanically and lecirically.

{5 Resiorable line type, X Anmzmlly  Perform hem s (where s chambers are in ciroaich, wich a lisied and

peumaic ube only

Iaheded hear souree or in acoordance with he manufensrer’s puoblished
inszruciions of the detcier ar condu 3 st with presare pump.

[emmpimuer]
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FATIONAL FIRE ALAEM AND SICNALING CODE

Table 14.4.3.2  Comtinued

Perindic
Componen: Accopmnce  Froguency Madhed
17 Imitiasing devices'
i) Hes deveciors ool inusd)

(6 Single- and X Annually  Condua funoional wess acconding o manufzaurer’s published insinsosons,
mmltiplesiuion hea D mo sest nonrestorzble e deiecioes wich heac
alarms

&) Manual fire alarm boxes X Annually  Opesue sanual Gre aburm boxes per che manufzourer’s publshed
insinscions. Test boh kevoperaced presignal and general alarm manual
fire alarm boses.

o Badiaen energy fire X Semianmally Test lame dmeoors and spark/‘ember deecions in accordance with the

delecions mrnufzcmrer's published insnecsons e deaermine tha exch dewcior is

operaive.

Devermine flame deteor and spark fember devecior sensitiviny using any of
the following:

(13 Calibraed vem mechod

(20 Manufamurers calibred sseehiviny e inmrument

3 Lised conural wnic arranged For (e punpose

04} Ouher approved clibraied sensidvity s method tha is direoly
proporicnal 1 e inguu signal from a fre, consisiens with the desecor
lising or

IF designeed 1o be field adjusiable, replace decsovors found o be oursde of
the approved mnge of sensiivicy or adjus: wo being them inw the
approved mange

Do noc devermine flame deweoor and spark, ember decsaor sensiivy using
a lighn source thay admimisiers an wnmesasured quamicy of radizion aan
uneefined disance from e deweaior.

(g Smoke dmeones —

functioeal s

(13 Ien ncher than cne. and X Annually  *Tes smoke detecines in place i ersure smoke emry ino the sensi
ewo-family lings, chamber and an alarm » Use smoke or 2 lsed and label
smem detecions protisa scceprable 1 the mamfcurer or in sccondance wich their

publehied insinscsoes. Oibier mechods lisied in the masufzaurer's
publihed insinscdoees thar ensure smaoke enery frem the prowcied anea,
through the vens, inuo the sensing chamber @n be used.

(2 Single- and X Annually  Perform a fenodonal e onall sogle- and mahiple saion smoke alarmes
mmltiple-suaon ke connecied 1 2 proseoed premises fire skrm swem by puning (he smoke
alarms conneced w alarm inua an alarm conditen and verdying thar the proecied premses
praowcied premises sstem receives a supervisory signal and does noccause 3 fire slarm signal
SHEEE

(3} Sypmem smake devscions X Annually  Condua funcional wess acconding vo manufzaurer’s published insinsosons,
wzmed in one- and
vwo-family dwellings

(43 Air saempling X Annually  Tes with smoke or 2 limed and lzbeed produn accepable whe
manufscmrer o in accordance with cheir published inscrucions. Tes
from the end sampling por or poim on exch gipe run. Yersfy airflow
through all aiher pons or poins.

(50 Dusce ovpe X Annually  Ioadduion oo the wesang ired in Table 144.3.20g) (1) and Table
144320k}, vem dun smoke deemans ta e amgling shes i ensure thay
they will propedy sanple the simrezm in e dun wsing a mebod socepakle
wthe sy arin rdance wilh their insirumions.

(65} Projecied beam npe X Aneruzily 'l'ellhlhedeoeanrhr incrodusing =moke, scher asrosd, or an opdoal Gier e

c beam

(7} Semuke deveraoe with X Aty Operae boch ponsons of the dewemor independenily i described fos the
bulan ihermal dlemen respertive devicoes,

(8} Semoke devecios wich X Anrmalty  Verify tha the conrn ility remiins aperable sven $all of che iniiaing
conwed cuipua fnoions devioes conneed o the sime indGuing device o s or sgnaling line aroio

are in an alarm sue.
thh Smoke detecines —
SENSiLiVILY LSt
In caher than coe and NAA See 14443 Perform aery of the lollowing wms 1o ensure than mch smoke deeoor is within

meo-family dwellings, syeem
deeaors

i lissed amd marked sensuivity range

(1} Calibraed west metbod
(2} Manisfaciurer's calibraed senstiviy Los: insrument
(3} Lissed conirod equipment armasged far the purposs
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T2ET

Table 14.4.32  Comtimued

Composonm Accepuance  Frequency Medind

(4} Smoke dewowe/ concral wnic srangemeny whershy the dececior ciuses 2
sxgnal @ che conirol wnivwhen s sensicivicy is omside s lised sensivio
range

3} Orher clibraed sensicivicy st mehind appeoved by ihe amboricy hasing
Jurisdicion

[i} Carbon monoxide X Anmzmlly  Tes: che devices in place o ensure OO0 enery o e sensing chamber by
derocnrs/carbon inarnduciion chrough the vens, toche sensing chamber of lisued and
monaxide alarms for the lzbeled produn acceprable w0 ihe manufcrer or in acoondance wik
purpases of fire deecion ihear publishesd inmruciions.

1) Indiiaing devices,

rrisory

{1} Caneral vabve swich X Anmamlly  Operae vabie and verify sigeal receipn wo be within ibe firse oo revedudons
al the handwheel or within enedifih of the travel disance, or per the
manufaciarer’s published inmrucions.

12 High- ur low.air presure X Anmzlly  Operae swisch and verify receips of sgnal is obmined where the required

swisch ‘pressure is incremed or decreased a moximam L psi (70 kPa) from the
equired pressure level.

{3} Room emperamre X Anmally  Operue swisch and verify receips of signal 1o indice the deoreass in reom

swisch iemgperzre o AF (4470 and is restorasion w0 above $0°F (44700,

{4k Waier level swich X Anmally  Operae swisch and verify receips of sgnal indicaing e wacer kevel rased or
lowered a maximum 3 in (70 mm) from the mlgnu\ed level within a
pressure Gank, or 3 maximum 12 in. {300 mm) from the reguired leeel of
2 noapressure @ank. Also verify is resioral i required level

{5k Waer iemperansre X Anmally  Operae swisch and verify receips of signal 1o indicce the deoreass in waer

wwiic] iemperzre o AFF (A0 and i restoraion v above 40°F {4.4°C),

(k) Mechanical, elecirosonic, or X Semiznnualy Waser shall be Bowed through an inspeoios’s ies conmieaion indicaang the low
presaareqype waerow alwaver equal wr tha Erom a single sprinkler of the smalles: orifice sme
dimvice insalled in the spem for wes-pape nsiems, or an shrm et bypass

enenesan for dry-pipe, preacion, or deluge sysiems in scoordance with
NFPA U5, Samaand for the ufection, Tetng, @ Manbmanss of Walr el Mre
Pdeciion Fyslemes.

11} Mishisensor fire desace o X Anmzlly  Tes each of the dewersan principles presem witkin ihe detecior (e g,
emli-ritesia fire detecior or smake/ hea OO, @) |ndLj)cnd.:ndyfnr|he§)mﬁcdmncuon]mnﬂpl:
combirmudon fire dmenor regardless ol the mnﬁg:muonmumlheumndlmnp [LReT

deiener in acoordance with che published sumulioures’s insineaions,

Tes individual sensors wgeiber if the sechnology allows individual sensor
responses i be verified.

Perform s 2 described for the respenive devices by inroducion of the
physical phenomen 1o the sensing cdamber of elemens, and an elecoronic
check | magress, anakogue values, ewc ) & nonsaflickent o comply with this
requiremens

Coafirm the resul of each sensor e chrough indicauson a2 the dewsoor or
coenrl um,

Where individual sensars cinnobe iesed individually, test e primary sensar)

Recned all sess and resshs.

18, Special haand equipment
i) Abon swich X Anmally  Operme abor swich and verfy comren sequence and operuion.
{dead-man ypel
Fh]ﬁbonuilmfmcycle npel X Anmolly  Operae abor switch and verify developmen: of coren maeix with each sensor
A

i) Abom swinch (special oppel X Anmzlly  Operue abor sevch and verify comren sequence and eperuion in aconndance
with sk having jurisdioson, Obseres sequending as spedfed on 2 builo
drawirgs or in spwem awner's

I} Crosseone derection drouic X Anmally  Operme ane sensor or desecor on each zone. Verify comurence of correc

seqjuence with operason of i rone and |hmmmupenuclnnfwcnnd
zone,
fe) Manrincype dros X Anmally  Operue all seemoes in symem. Venfy developenem of correon mauris wich mach
S P

i) Rebease solenoid circuit X Anmally Ve opeason nl':nlnnoid.

Igh Squible refease drouit X Anmally  UssAL] I'I:nhhn.lbocodmr ie=m ligha approved by the manufzoures, Verify
o ar Bgh

Th) Verified, ssquenal, or X Anmmlly  Operme required sensors @ minimuom of four lncuions in drose Verify
EOLINENG, PO drouil cnrees sequence with bath the firs and second detervarin alarm.

b All above tlevices ar circuits X Anmmlly  Verify supervsion of drogits by Cresng an open oo,

or combirnsans thereol
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Table 14.4.3.2  Comtinued

Coampanent

Arcepmsce

Periodic
Fraquency

Method

19, Combinadon sysiems
ta) Fre esinguisher decironic
moeitoring device syiem

{bih Carbon monoxid:'
evice/ sysiem

X

Annually

Annually

Test communicuion braween the device conneciing the fire exinguisher
eleciruaic moniworing device! sswem and the fire shem conrol una o
ensure proper signals are recenved an the fire sbrm conirdl wnicand
remate annuncisoeish iCapplicable

Tem communicuian beween the device conneciing the carbon maonoxide
dewce/srmem and ihe fire alarm comrod unit w ensare proger sgnals ane
received 2 che fire alarm conerol wic and remoee annunciawerisk i
applicable.

20 Imerface equipmem™

See 444

Testineerfare equipment connecaooes by eperaang or simulaing bhe
equipment being smapervized. Yerify signals required oo be cransmined are
r\:nﬂJ:‘::d at the conrol uni. Tes: frequency For inerfsee squipmen & the
same s the y required by the applicable NFPA sandard(s) for
the eiu Being mapervisad.

21. Guard's iour epupment

Annually

Test the dmvice in accordance with the mansfamurer’s pubished
insinsczions,

T2 Al naificadoen applianoes
) Audibile®

b Auadible szl
nuificzuion appliances
(speakers and ocher
apgliances 1o comey voine
JupAm—

i) Visible

HoA
X

KAA

Annually
N/A

Annually
N/A

Annually

Far imiial and resceepance wsing, mesure sound pressure levels far
signals wicth a sownd keved mever meming ANSES 142, Speyications for
Spund Feoet Melers, Type 2 requiremens. Measure sound pressure levels
throughous the propcied area v confirm dbar ey are i compliance
with Chapeer 18 Ser he sound level meter in sooordance with ANSI
141, Amencan Naisnal Skandsnd A ndie Foocualion Sgmal using the
ameweighied chaemensic F (FAST),

“For peraodsc cesang, verify the operaion of the nmilkcuion apgliances.

For imiial and resccepance vesung, measure sound pressure levels for
signals with a sound level mever meming ANSIS1 42, Speryirasions for
Sound Fevet Meters. Type 2 requiremenss. Measure sound pressure levels
chroughou thie proascoed srea v confirm ibac ey are in compliance
wich !.Ethlﬂ 18 Ber the sound level meier in accordance wich ANSE
53,41, American Nalional Skendand Amdide Foocualion Sigmal using the
ameweighied chammensic F (FAST),

Verify audible informaion i be @Esinguishable and undersandatie and in
comgliance with 14.4.11,

“For perodic wesang, verify the operaion of ihe nmilkcuion apgliances.

Perform inigal and reaccepance waing in accordance with the
ernufscrurer’s published insinscdons. Verify applance bobons o be
per approved layos and confirm thar ne floor plan changes aec the
approved Byour. Verify chas the candeh radng marking agrees with the
approved drawing, Condirm b rach appliance Mashes,

Far pesiotic wsing, verify that each appiance zbes

2 Exic marking sudible noaificuion
appliance

Annually

Perferm was in accordance with mansfacures’s published insuruciizns.

24

Emergency cencral funcdonss

Annually

Far imiial, reaccepance, and periodic waing, verify emergency conural
Fun<tion incerface device acivaion. Where an emergensy comrel
Funcion incerface device is doabled nrdixonntclc?gur}nginil.imrg
device peming, verify tha the dimbled or disconnecsd emergency conuod
Funcion interface device bas been properly restored. |

25 Aren of refisge owoway
O MUENACICN SysLem

Annaually

A2 minimum, 1est the two-wy cOEMUNCION syem 1o verily operaion
and receip of visual and suditle signals = che (ansmining and receiving
it respecively, Operae sysiems wich move than five suulons wich a
u:;;d:‘nu!n of e sations operuing simulcaneowsdy. Verdy voice quality
and dariry.

26 Spedal procedures
fa) Alrm verificuion

bk Mulriplex syseems

Annually
Annually

Yerify ame delay and alarm response for smoke despcoor drozits idenafied
as hving abm verifcuzon

Verifv communicaions beween seeding and receiving unis under boch
pri mary and secondary power.

Verify communicaicns beween serding and receiving unis under
open-cirnzit asd shan-circuil iroshle condisons,
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Table 14.4.5.2  Comtimued

Taitial
Componeat Accspuance

Periodi

Mechod

Verify commmuricusans benween sending and receiving units in 2l1 direcions
where muliple communicaions pailbmways are provided.

IF redundant cemrl conarol equipment is provided, verify swichover and all
rexquired fanciions and operasans of secondary eneral squipmen

Verily all sewem funosons and feamures in accordance wih manufaowrer’s
pusbilished insmruciions.

7. Supervising sainn shrm nEems
— reCEiving equipmen:
fah All equipmen X

(k) Digieal abarm X
CO ML CWOF Fecever

(DALR)

ik Digital alarm radio receiver X
(DARR)

(d) MicCislloh sysiems X

e} Radio abirm superasing X
sunion recever (RASSE)
and radin alarm repeaer
stian receiver (RARSRY

i Privace microwine radic X
SIS

Monhly

Manthly

Monchly

Monhly

Monthly

Monthly

Perform 1esis on 2l sypmem funcions and feaures in scoordance with the
equipment mamanurer’s publhed insraivas for corren: eperation in
conbarmanne wich the applicable ssoions of Chapaer 26,

Acuzue inicizming device and verly receip of the comea inimeing device
signal 21 the supervising scuion within 90 seconds. Upon compledon of
ihe esi, resione che sysiem w s funciional operaing condiicon,

[N e fucks are used, perform the Asgand las: esis wichoan the use of the
L5t jarck.

[Discennen each camsmission means in mwrn from che DACK, and verify
audible and veoual annundason of 1 wouble sgoal in the supenising
=i,

Cause a ignal 1w be imnsmined on exch individual incoming DACE line
(pach} arlease ance every i hours (24 howrs for DACTs insialled prioe o
adopion of the 2003 edion of A#PA 720, Verdy receip of these signals.

Cause the lodlowing condiions of 2il DAREs on all sutsidiary and repeater
siion receving equipmend. Verify receips 21 che supervsing saudon of
correct sigrials for each of the: folkowing condidions:

10 AC perwer failure of the radio squipment

(21 Beceiver malfuncion

31 Amaenea and imerconnecing mble Glure

4 Indcauion of auromaric swicchover of the DARR

() Dam eransmissicn ling Gilure beoween che DARR and ihe sapenising or
subsi diary smion

Test and record the currens oa each circuic 3t cach sspervising and
subsidiary sasion under the following condine:

1) Druriegg funoional operacion

(3 Om each side of the drmgit with the recenving equipmen. conditivned for
an open arosit

Cause 2 sngle break or ground condigon on each cansmision channel. I
such 3 fault preverus the fancioning of the oo, verify receipt o 2
urouble sigral

Cause each of the following condidors ar sach of ihe supenvsing or
subsidiary saions and all repecer saion radic wansmicing and
rexeiving equEpmEnt; werify receips of correct sigaek ar the agenvising
stion:

11 BF vrarsmicer in use (radiagng)

020 AC perwer filwre supplying the rmdio equipment

(31 BF receiver malfizncion

) Indicauion of auromaric ssitchover

Cause each of the Following condigees a sach of the supervising or
subsidiary sumions 2nd all repeer saion radio mnsmiing and
receiving equipment: verify receips of correct signals 2 the aypervising

sticn:

11 AC panwer failure supplying the radio equipment

(21 BF receiver malfzncion

3 Indscauion of auomaric swicchover, il applacable

Cause each of the Following condigees a sach of the supervising or
subsidiry saions aml:ﬁ repecer sation radio wansmicing and
receiving equipmenc: werify receipsof correc: signals ar the axpervising
stion;

1) BF vansmiver in use {radiaong)

() AL pawer filure supplying the mSa equpment

31 BF receiver malhancion

i) Indscaion of auromaric switchover

femmtimuer |
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Table 14.4.3.2  Confinued

Eniial Periodic
e A Freqg Mashod
27. Supenising suion alarm syems
— receiving equipmen:
frombinuad |
(g Performance-based X Momibily  Perform eses weensure the monivoring of incegriy of the tansmission
wechnologies eechnobogy and 1echnology pab.
Where a single commanscamaons pach iz zed, disconnea e
communication pm]| Verify tha [ailure ol |hepuhsmnum:med.:l the
supervising saion within 60 minwes of the Gilure (within 5 minwes for
enmmunication equpment insalled prior o adopaion of the 2003 sdiion
of AFPA 72). Restore ihe communicuson path.
wlwmmulupkcommmummnpmhs:r! usedd, disconnec: boch
communicaion parhs and confirm cha Gilure of the path is anauncaed
a the supervising saion within nos more than 6 bours of the Rilure
{within 24 bours for communicaion squipment inscalled prior o
adeguion ol the 2013 edition of MFPA 720, Resiore boch communicaion
pachs.
2% Pubfic emergency ablirm
FEpONNg s3Lem rnsmission
equipmen:
() Publicly sccessible atarm X Semianmmlly Acoume publicly accsible initiaing device/s) amid verify receipe of oo les
Box thian shree: complere rousns of sgnal imuatses. Perform his test under
marmal dircuic conditions. I the device is eq foor open circu
eperainn tg:mund returnt, s i in ihis condaion as ane of the
{bh Aunliary box X Annually ngcm:u.ll of 1he aundliary box by aousion of a proweoed
premises initizing device connemed [ERT -t Werify receipn of not
less than thiree compleie rounds of signal impulses.
fe) Mamier box
1) Manual speruion X Semianmezlly Perform the wesis prescribed for 280k,
(20 Axiliary opersion X Annually  Perform che vess prescribed [or 230010
29 Low-power radio X NAA The Fallowing procedures describe addidonal accepuance and reaccepeance

{wiredess sysiems b pes methods i verify wireless proseion sysiem operstion:

(13 Use the manufacuarer’s published insructicns and the as-buih drawings
pravided by ihe syem supplier w verify correc openuon afier the intual
peming ph:.un has been perdvrmed by the supplier or by the supplier’s
desigrmied represe v

(2} Bamring from the funciional epersing condiion, inimlize the syem in
arcordance with the mamsfzomrer’s publesbed insnscions. Confirm ibhe
aliermative communicaicns path exiss berween the wireles conrol uni
and peripheral devices used to esiablish insimion, indcaion, conwol, amd
anmuncosien. Tes: the spmem for both abirm and wouble condidons.

(33 Check baneries for all componems in ibie spgem moabily enless e
conurul unit checks all baneries and all momponsms daily.

30, Mass nodlicaion spiems

2) Funcsicas X Annually  Asa minimum, west comred equipment v verify correc receip of abm,
SUpEryis: ‘and rouble signals linpuis); cpieraion nfmuumsgn:lk
and zuxiliary funmions (ospans); circuin superdsion, inchuding dewsiion
of npen cirnsis and groand fauls; and poeer su) supervision far
desecsion uI'h.no\faEpuunrlnd Giscarmerion mmnp.dcuy bawenies.

) Fuses X Annuzlly  Verify the raing and sspersion.

1) Imerfaced equipment X Annually  Verify imegricy of single or muliple drouis providing imerface bemween neg
or more comrod unis. Tes inerficed equipment connecdons by
operaing or smuling operadon of the equipment being supervised,
Verify sgnals requared 1o be wansmived a che comrod umn

{d) Lamgps and 1EDs X Annually  Nluminaee lamps and LEDs.

{e} Primary {main} power sapply X Annually  Disconnect all secondary (sandiy) power and wes; under maximum load,
induding all alarm appliances requiring simulaneous operaion.
Reconnen 3l secondany imandind power 2 end of wes. For redundan
power supplies, 1es each separe

I Audsble exoal poificusen X Annually  Measure sound presaare level with awun.d level meer meedng ANS] 542,

appliunces (speakers and ” tioms for Souned Leend Meters. Type  requiremesns. Measure and
uther appliances o convey recard levels chroughow protecied area. Sex the sound level mewer in
VIHCE messages) arcordance wich ANS] 53,41, Amemican Notimmal Slenasmd Audibiy Faaruaiion

Sgmai, using the rimeweigbned chamoierisic F{FAST}. Recard the
mmximam capur when the usdible emergency maonrion sgoal is o,
Verify audible informaion w be disinguishable and undesandable

m 2013 Edition
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Table 14.4.5.2  Comtimund

Taijal  Periodic
Composcen Acceprance Freguency Mothod

ig) ¥Woahle X Anmamlly  Perform westin accordance with manefacurer’s publshed insinsions.
Werify apgliance locaions 1o be per approved layour and confirm tha o
fleor plan changes affec che approved byoue Verdy tha the candely
rating marking agrees wiihi the approved drawing, Confirm chas sach

appliance fabies
(k) Conerol wnis lanasons and X Anmally  Review even log file 2nd werify thar the cormeo evems were | Hewiew
o cizgnosic Filures are sysiem disgnosic log file: correct deficencies nowed in file.
indicaned unneeded log G Del, meeded errer files. Verify thar sulficien free

disk space is mailable. Vi unobsurucied Bow of cooling air & availabie,
Change. dean fikers, coaling fans, and inke wens

(i} Coeral umit reser X Anmmlly  Power down ihe cenaral control uni comgpueer and resiar i

{j1 Coewrod unit securivy X Anmmlly [T remoe conred soltware is loaded omo the syseem, verify tha ic is dissbled
1o prevent umsuthorized nsem acces.

(k) Andihle/ visihle funaianal X Annmally  Send ow an aler i a diverse seof predesignaed receping devices and

= confirm recepe. Inchide ai least one of mch ipe of recsving device.

(1} Sofoware backup % Anmally  Make full spzem sofoware backug. Rocue hackips based on arcepued
peaice a site

{m} Secondary power s X Anmally  Disconnen ac power, Verify the ac power failure alarm scus oo cemiml
concral equEpment With 2c power disconnecsd, verify bawery volage
under load.

im) Wireless sgnals X Anmamlly  Check forward/reflecied radio power is within spealicaions.

(o Amenna X Anmally  Check forward Sreflecied mdio power is wichin specificaions. Verfy sadid
elearical connemions with no obsenable corrosion.

ipt Tranzcevers X Anmally  Verily proper gan amid ang & o proms:d

“Some cransmesion equipmen {(axch asbu noc Bmaed w cable medems, iberogic imerface nodes, and VolP inserfaces) are opscally powered by
the halding’s elearicl ssiem using a sandby power apphy e does now mess e iremens of this Code. This & imended v ensure char che
resing auchariny verdies fmlsu.nr]hr power as requined by dﬁgner L0 Addiicnally, refer 1o Table 14432, liems T shrough 9 for secondary power
supply iesing.

“The auvomaic transmission of the checkin (handskoke) sgnal @n mke up o 6 minues 1 ooor.

"See Table 14432, liem 442) for the weiing of cransmssion equipment.

AExamgple: 4000 mAh = Y = 16} mA charging currens 2 77°F (25900,

“The volimecer sensiiviry has been changed from 1000 ohms per vol oo 100 ohms per vod so ibac the flse ground readings {cussed by induced
woliagesh are minimazed.

“Inisizuieng devices such 2 smoke devscoors wsed for elevator recll, dusing dampers, or releasing dones held in |h|:?|:np-cui|ion thiz are permied
by tbie Code (e NFPA 101, 248 Sajety Code, 9.6.3) 10 instiaue supervisoey sgnals ar the fire alarm conurol wnic (FAC) sbousd be ceed ai the same
flcg‘nzm}.innmﬂudwmedm‘icﬂmn they are generacing an atrm sgnal. They are ne ssperisory devices, bur they iniae 2 supervisory signal
athe i)

sFumible ihermal link deleciors are commanly used o close fire doors and Gre dampers. They are scousied by the presence of excernal hesu, which
canses 2 sodder demient in the Bnk o fise, or by an decric thermal device, which, when energied, generaes hen within the body of che link,
cazsing che link 1o fize and separae.

W¥one, it i cusiomary for the marmfcwrer of the smake dewecios o iest 2 paninalar product from an ssrcscd provider w decermine accepabilin
for use insmoke eniry weing of their smoke devecors smoke alarm, Magaes are no sccepable for smoke enwy s,

* There are some dececrors than use magnes 2 a manufcwrer's cilibrced sensidvicy st insmament.

IFor example, it migha not be possible o individually wes che hear sensor in 2 chermally enhanced smoke dewecior.

“Manusfamurer’s instractions should be consulied 1w ensare 2 proper operaicnal e, Mo sppression gas o agen & expened w be discharged
during the 1es of the solenaid. See Test Plan of 14.2.10

Mesiing of 0 device should be done o the requiremenas of NFPA T20, Siandard for the Mmsialistion of Camaen Momamiae (20 Detecliom and Waming
E

A monitor module insalled on an inedface device is non considered 2 supervisory device and (herefore now subjece o the quunedy esing
Erequency requirement. Test frequencees For incerface devices showld be in accordance with she applicible siandard. For examgle, fire pump
comroller abms such as phase reversl are required e be esied anoually. 152 moaicor module is insalled (0 denify phase reversal on the fire
alarm comrod panel, ivis not necessary w wes for phase reversl foar dmes 2 year.

“Chapser 13 would require 15 48 over zverage ambsen soand for peblic mode spaces. Somedmes the mibiens sound levels are differen: from wha
the design was based upon. Prvaie opering mude would require 1 I} aver zverage ambiens 21 the locaion of the device.

“Where building, sysiem, ar seospancy chamges bave been ohserved, the owner should be nofied of the changes. New devices might need o be
imstalled and vesed per the iniial accepeance westng crieria

"Be A 1A 32, and Tahle 14432, Teem 24,

93



Appendix O: Pathfinder Results
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Appendix P: Flow Model “Hand” Calculations

Each stair is 40 in. wide, each door is 36 in. wide.

persons, . persons;
Fsmstairs = 17.1 ft. M. Fom.doors = 24 0 min.
F=FW =171 40 _cg 6persons ) 40 _ persons
cosTeT T 12 T min, ¢ 12 min.

Stairs are the restricting factor.

persons

N . e
st -
cstatr min.

502 persons ons = 5.2min.=314s

2 . 4gBETSONS
min.

266 persons .
= 2.8min.= 165s
5 . 4g PETSONS
min.
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Appendix Q: FDS Model Input File

Scenario_3sg.fds
Generated by PyroSim - Version 2014.1.0110
May 5, 2014 8:14:48 PM

&HEAD CHID="Scenario_3sg', TITLE='Small Grid'/
&TIME T_END=400.0/
&DUMP RENDER_FILE='Scenario_3sg.gel', DT_HRR=0.02, DT_RESTART=300.0/

&MESH ID='"Main Mesh', 1JK=100,156,80, XB=93.0,118.0,198.0,237.0,-3.0,17.0/

&SPEC |ID="Chairs', MW=29.0/
&SPEC ID='WATER VAPOR'/

&PART ID='"Water_PART,
SPEC_ID='WATER VAPOR',
DIAMETER=500.0,
MONODISPERSE=.TRUE.,
COLOR='BLUE',

AGE=60.0/

&REAC ID='Scenery',
FYI='SFPE Handbook, GM27',
FUEL='REAC_FUEL',
C=1.0,
H=1.7,
0=0.3,
N=0.08,
CO_YIELD=0.042,
SOOT_YIELD=0.0356/

&PROP ID='QR_QR),
QUANTITY="SPRINKLER LINK TEMPERATURE,,
ACTIVATION_TEMPERATURE=74.0,

RTI=50.0,
PART_ID='Water_PART',

FLOW_RATE=54.5,
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DROPLET_VELOCITY=5.0/
&DEVC ID='SPRK', PROP_ID='"QR_QR', XYZ=97.0,202.0,15.5/
&DEVC ID='SPRKO01', PROP_ID="QR_QR', XYZ=105.0,202.0,15.5/
&DEVC ID='SPRK02', PROP_ID="QR_QR', XYZ=113.0,202.0,15.5/
&DEVC ID="SPRKO03', PROP_ID="QR_QR', XYZ=97.0,210.0,15.5/
&DEVC ID="SPRK04', PROP_ID="QR_QR', XYZ=105.0,210.0,15.5/
&DEVC ID="SPRKO05', PROP_ID="QR_QR', XYZ=113.0,210.0,15.5/
&DEVC ID="SPRKO06', PROP_ID="QR_QR', XYZ=97.0,218.0,15.5/
&DEVC ID="SPRKO07', PROP_ID="QR_QR', XYZ=105.0,218.0,15.5/
&DEVC ID="SPRKO08', PROP_ID="QR_QR', XYZ=113.0,218.0,15.5/
&DEVC ID='SPRK09', PROP_ID="QR_QR', XYZ=97.0,226.0,15.5/
&DEVC ID='SPRK10', PROP_ID="QR_QR', XYZ=105.0,226.0,15.5/
&DEVC ID='SPRK11', PROP_ID='"QR_QR', XYZ=113.0,226.0,15.5/
&DEVC ID='SPRK12', PROP_ID='"QR_QR', XYZ=97.0,234.0,15.5/
&DEVC ID='SPRK13', PROP_ID="QR_QR', XYZ=105.0,234.0,15.5/
&DEVC ID='SPRK14', PROP_ID='"QR_QR', XYZ=113.0,234.0,15.5/
&DEVC ID='SPRK18', PROP_ID="QR_QR', XYZ=97.0,202.0,3.5/
&DEVC ID='SPRK19', PROP_ID="QR_QR', XYZ=105.0,202.0,3.5/
&DEVC ID='SPRK20', PROP_ID="QR_QR', XYZ=113.0,202.0,3.5/
&MATL ID="Velour',

FYI="Approx Cotton',

SPECIFIC_HEAT=1.475,

CONDUCTIVITY=0.059122,

DENSITY=1480.0,

HEAT_OF_COMBUSTION=2.04E4/
&SURF |ID="Curtains',

RGB=153,0,0,

MATL_ID(1,1)="Velour',

MATL_MASS_FRACTION(1,1)=1.0,

THICKNESS(1)=0.01/
&SURF ID="Fire',

FYI="Chair fire',

COLOR='RED,

HRRPUA=6600.0,

TAU_Q=-376.0,

PART_ID='Water_PART'/

&OBST XB=100.455,111.0,230.0,230.2,11.5,15.5, SURF_ID="Curtains'/ Obstruction
&OBST XB=94.0,100.455,230.0,230.2,1.5,15.5, SURF_ID="Curtains'/ Obstruction
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&OBST XB=111.0,117.361,230.0,230.2,1.5,15.5, SURF_ID="Curtains'/ Obstruction

&OBST XB=96.0,101.554,204.635,223.0,-0.25,0.0, RGB=51,51,0, SURF_ID="INERT'/ Obstruction
&OBST XB=103.0,108.554,204.635,223.0,-0.25,0.0, RGB=51,51,0, SURF_ID='INERT'"/ Obstruction
&OBST XB=110.0,115.554,204.635,223.0,-0.25,0.0, RGB=51,51,0, SURF_ID='INERT"/ Obstruction
&OBST XB=106.5,107.5,232.5,233.5,2.0,2.25, SURF_ID="INERT'/ Obstruction

&OBST XB=106.75,117.5,236.5,236.75,0.0,16.0, COLOR='INVISIBLE', SURF_ID='INERT'/ Obstruction
&OBST XB=117.25,117.5,203.25,236.5,0.0,16.0, COLOR='INVISIBLE', SURF_ID='INERT'/ Obstruction
&OBST XB=93.75,106.75,236.5,236.75,16.0,16.0, COLOR='INVISIBLE', SURF_ID="INERT'/ Obstruction
&OBST XB=93.75,117.25,221.75,236.5,16.0,16.0, COLOR='INVISIBLE', SURF_ID="INERT'/ Obstruction
&OBST XB=94.0,117.25,203.25,221.75,16.0,16.0, COLOR='INVISIBLE', SURF_ID="INERT"/ Obstruction
&OBST XB=94.0,117.5,198.5,203.25,16.0,16.0, COLOR='INVISIBLE', SURF_ID='INERT'/ Obstruction
&OBST XB=114.75,117.5,198.25,198.5,16.0,16.0, COLOR='INVISIBLE', SURF_ID="INERT"/ Obstruction
&OBST XB=93.75,106.75,236.75,236.75,0.0,16.0, COLOR='INVISIBLE', SURF_ID="INERT"/ Obstruction
&OBST XB=117.5,117.5,198.25,203.25,0.0,16.0, COLOR='INVISIBLE', SURF_ID="INERT'/ Obstruction
&OBST XB=101.0,102.0,198.75,199.0,4.0,4.5, COLOR='INVISIBLE', SURF_ID='INERT'/ Obstruction
&OBST XB=101.0,102.0,199.0,199.5,4.25,4.5, COLOR='INVISIBLE', SURF_ID='INERT'/ Obstruction
&OBST XB=101.0,102.0,199.5,199.75,4.5,4.75, COLOR="INVISIBLE', SURF_ID="INERT'/ Obstruction
&OBST XB=101.0,102.0,199.75,200.0,4.5,5.0, COLOR='INVISIBLE', SURF_ID="INERT'/ Obstruction
&OBST XB=101.0,102.0,200.0,200.25,4.75,5.25, COLOR='INVISIBLE', SURF_ID="INERT'/ Obstruction
&OBST XB=101.0,102.0,200.25,200.5,5.0,5.5, COLOR='INVISIBLE', SURF_ID="INERT'/ Obstruction
&OBST XB=101.0,102.0,200.5,201.0,5.25,5.5, COLOR='INVISIBLE', SURF_ID='INERT'/ Obstruction
&OBST XB=101.0,102.0,201.0,201.25,5.5,5.75, COLOR="INVISIBLE', SURF_ID="INERT'/ Obstruction
&OBST XB=101.0,102.0,201.25,201.5,5.5,6.0, COLOR='INVISIBLE', SURF_ID="INERT'/ Obstruction
&OBST XB=101.0,102.0,201.5,201.75,5.75,6.25, COLOR='INVISIBLE', SURF_ID='INERT'/ Obstruction
&OBST XB=101.0,102.0,201.75,202.0,6.0,6.5, COLOR='INVISIBLE', SURF_ID="INERT" Obstruction
&OBST XB=101.0,102.0,202.0,202.5,6.25,6.5, COLOR='INVISIBLE', SURF_ID="INERT'/ Obstruction
&OBST XB=101.0,102.0,202.5,202.75,6.5,6.75, COLOR="INVISIBLE', SURF_ID="INERT'/ Obstruction
&OBST XB=101.0,102.0,202.75,203.0,6.5,7.0, COLOR='INVISIBLE', SURF_ID="INERT' Obstruction
&OBST XB=101.0,102.0,203.0,203.25,6.75,7.25, COLOR='INVISIBLE', SURF_ID='INERT'/ Obstruction
&OBST XB=101.0,102.0,203.25,203.5,7.0,7.5, COLOR='INVISIBLE', SURF_ID="INERT'/ Obstruction
&OBST XB=101.0,102.0,203.5,204.0,7.25,7.5, COLOR='INVISIBLE', SURF_ID="INERT'/ Obstruction
&OBST XB=101.0,102.0,204.0,204.25,7.5,7.75, COLOR='INVISIBLE', SURF_ID="INERT'/ Obstruction
&OBST XB=101.0,102.0,204.25,204.5,7.5,8.0, COLOR="INVISIBLE', SURF_ID="INERT'/ Obstruction
&OBST XB=101.0,102.0,205.0,206.25,7.75,8.0, COLOR='INVISIBLE', SURF_ID="INERT'/ Obstruction
&OBST XB=101.0,102.0,204.5,204.75,7.75,8.25, COLOR="INVISIBLE', SURF_ID="INERT'/ Obstruction
&OBST XB=101.0,102.0,204.75,205.0,8.0,8.5, COLOR='INVISIBLE', SURF_ID="INERT"/ Obstruction
&OBST XB=109.5,110.5,198.75,199.0,4.0,4.5, COLOR='INVISIBLE', SURF_ID="INERT'/ Obstruction
&OBST XB=109.5,110.5,199.0,199.5,4.25,4.5, COLOR='INVISIBLE', SURF_ID="INERT'/ Obstruction
&OBST XB=109.5,110.5,199.5,199.75,4.5,4.75, COLOR='INVISIBLE', SURF_ID='INERT'/ Obstruction
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&OBST XB=109.5,110.5,199.75,200.0,4.5,5.0, COLOR="INVISIBLE', SURF_ID="INERT'/ Obstruction
&OBST XB=109.5,110.5,200.0,200.25,4.75,5.25, COLOR='INVISIBLE', SURF_ID="INERT'/ Obstruction
&OBST XB=109.5,110.5,200.25,200.5,5.0,5.5, COLOR='INVISIBLE', SURF_ID="INERT'/ Obstruction
&OBST XB=109.5,110.5,200.5,201.0,5.25,5.5, COLOR="INVISIBLE', SURF_ID="INERT'/ Obstruction
&OBST XB=109.5,110.5,201.0,201.25,5.5,5.75, COLOR="INVISIBLE', SURF_ID="INERT'/ Obstruction
&OBST XB=109.5,110.5,201.25,201.5,5.5,6.0, COLOR='INVISIBLE', SURF_ID="INERT'/ Obstruction
&OBST XB=109.5,110.5,201.5,201.75,5.75,6.25, COLOR='INVISIBLE', SURF_ID='INERT'/ Obstruction
&OBST XB=109.5,110.5,201.75,202.0,6.0,6.5, COLOR='INVISIBLE', SURF_ID="INERT"/ Obstruction
&OBST XB=109.5,110.5,202.0,202.5,6.25,6.5, COLOR='INVISIBLE', SURF_ID="INERT'/ Obstruction
&OBST XB=109.5,110.5,202.5,202.75,6.5,6.75, COLOR="INVISIBLE', SURF_ID="INERT'/ Obstruction
&OBST XB=109.5,110.5,202.75,203.0,6.5,7.0, COLOR="INVISIBLE', SURF_ID="INERT'/ Obstruction
&OBST XB=109.5,110.5,203.0,203.25,6.75,7.25, COLOR='INVISIBLE', SURF_ID='INERT'/ Obstruction
&OBST XB=109.5,110.5,203.25,203.5,7.0,7.5, COLOR='INVISIBLE', SURF_ID="INERT'/ Obstruction
&OBST XB=109.5,110.5,203.5,204.0,7.25,7.5, COLOR='INVISIBLE', SURF_ID="INERT'"/ Obstruction
&OBST XB=109.5,110.5,204.0,204.25,7.5,7.75, COLOR="INVISIBLE', SURF_ID="INERT'/ Obstruction
&OBST XB=109.5,110.5,204.25,204.5,7.5,8.0, COLOR='INVISIBLE', SURF_ID="INERT'/ Obstruction
&OBST XB=109.5,110.5,205.0,206.25,7.75,8.0, COLOR="INVISIBLE', SURF_ID="INERT'/ Obstruction
&OBST XB=109.5,110.5,204.5,204.75,7.75,8.25, COLOR='INVISIBLE', SURF_ID="INERT'/ Obstruction
&OBST XB=109.5,110.5,204.75,205.0,8.0,8.5, COLOR='INVISIBLE', SURF_ID="INERT"/ Obstruction
&OBST XB=93.75,94.0,203.75,236.75,0.0,16.0, SURF_ID="INERT"/ Obstruction

&OBST XB=94.0,95.0,227.5,227.75,2.0,2.25, COLOR='GRAY 80', SURF_ID="INERT'/ Obstruction
&OBST XB=94.0,96.0,227.75,229.0,2.0,2.25, COLOR="GRAY 80', SURF_ID="INERT'/ Obstruction
&OBST XB=94.0,96.25,206.0,206.25,3.75,4.0, COLOR='GRAY 80', SURF_ID='INERT'/ Obstruction
&OBST XB=94.0,100.75,198.75,203.75,3.75,4.0, SURF_ID="INERT'/ Obstruction

&OBST XB=94.0,100.75,203.75,205.75,3.75,4.0, COLOR='GRAY 80', SURF_ID='INERT'/ Obstruction
&OBST XB=94.0,101.0,198.5,198.75,0.0,9.5, SURF_ID="INERT'/ Obstruction

&OBST XB=94.0,101.0,205.75,206.0,3.75,4.0, COLOR='"GRAY 80', SURF_ID='INERT'/ Obstruction
&OBST XB=94.0,101.0,205.25,206.25,7.75,8.0, RGB=51,51,0, SURF_ID="INERT" Obstruction
&OBST XB=94.0,101.0,204.25,205.25,8.0,8.25, RGB=51,51,0, SURF_ID="INERT" Obstruction
&OBST XB=94.0,101.0,203.25,203.75,8.25,8.5, SURF_ID="INERT'/ Obstruction

&OBST XB=94.0,101.0,203.75,204.25,8.25,8.5, RGB=51,51,0, SURF_ID="INERT" Obstruction
&OBST XB=94.0,101.0,202.25,203.25,8.5,8.75, SURF_ID="INERT'/ Obstruction

&OBST XB=94.0,101.0,201.25,202.25,8.75,9.0, SURF_ID="INERT'/ Obstruction

&OBST XB=94.0,101.0,200.25,201.25,9.0,9.25, SURF_ID="INERT'/ Obstruction

&OBST XB=94.0,101.0,199.25,200.25,9.25,9.5, SURF_ID="INERT'/ Obstruction

&OBST XB=94.0,101.0,198.25,198.5,9.5,9.75, RGB=51,51,0, SURF_ID='INERT"/ Obstruction

&OBST XB=94.0,101.0,198.5,199.25,9.5,9.75, SURF_ID='INERT'/ Obstruction

&OBST XB=94.0,101.0,198.5,198.75,9.75,16.0, SURF_ID="INERT'/ Obstruction

&OBST XB=94.0,107.0,236.5,236.75,2.0,2.25, COLOR='GRAY 80', SURF_ID='INERT'/ Obstruction
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&OBST XB=94.0,117.25,229.0,236.5,2.0,2.25, COLOR="GRAY 80', SURF_ID="INERT'" Obstruction
&OBST XB=94.0,117.5,206.25,207.25,7.75,8.0, COLOR='"GRAY 80', SURF_ID="INERT'/ Obstruction
&OBST XB=94.5,96.0,227.75,228.0,0.0,2.0, SURF_ID="INERT'/ Obstruction

&OBST XB=95.75,96.0,228.0,229.0,0.0,2.0, SURF_ID="INERT'/ Obstruction

&OBST XB=95.75,115.5,229.0,229.25,0.0,2.0, SURF_ID="INERT'/ Obstruction

&OBST XB=96.25,96.5,198.75,200.75,0.0,2.75, SURF_ID="INERT'/ Obstruction

&OBST XB=96.25,98.0,232.5,232.75,0.0,2.0, SURF_ID="INERT"/ Obstruction

&OBST XB=96.25,98.0,232.5,232.75,2.25,4.75, SURF_ID="INERT'/ Obstruction

&OBST XB=96.25,101.0,206.0,206.25,4.0,7.75, SURF_ID="INERT'/ Obstruction

&OBST XB=97.5,101.0,200.5,200.75,0.0,2.75, SURF_ID="INERT'/ Obstruction

&OBST XB=97.75,98.0,235.0,236.75,0.0,2.0, SURF_ID='INERT'/ Obstruction

&OBST XB=97.75,98.0,235.0,236.75,2.25,4.75, SURF_ID="INERT'/ Obstruction

&OBST XB=100.75,101.0,198.75,200.5,0.0,2.75, SURF_ID="INERT'/ Obstruction

&OBST XB=100.75,101.0,205.25,205.75,4.0,7.75, SURF_ID="INERT'/ Obstruction

&OBST XB=100.75,101.0,198.25,198.5,4.0,8.0, SURF_ID="INERT'/ Obstruction

&OBST XB=100.75,101.0,198.75,205.25,4.0,8.0, SURF_ID="INERT'/ Obstruction

&OBST XB=101.0,102.0,198.5,198.75,0.0,16.0, SURF_ID="INERT"/ Obstruction

&OBST XB=101.75,102.0,198.25,198.5,4.0,8.0, SURF_ID="INERT'/ Obstruction

&OBST XB=101.75,102.0,198.75,203.25,4.0,8.0, SURF_ID="INERT'/ Obstruction

&OBST XB=102.0,109.25,198.5,198.75,0.0,3.75, SURF_ID="INERT'/ Obstruction

&OBST XB=102.0,109.25,198.5,206.0,3.75,4.0, COLOR='GRAY 80', SURF_ID='INERT'/ Obstruction
&OBST XB=102.0,109.25,206.0,206.25,4.0,7.75, SURF_ID="INERT'/ Obstruction

&OBST XB=102.0,109.25,198.5,198.75,4.0,9.5, SURF_ID="INERT'/ Obstruction

&OBST XB=102.0,109.25,205.25,206.25,7.75,8.0, SURF_ID="INERT'"/ Obstruction

&OBST XB=102.0,109.25,204.25,205.25,8.0,8.25, RGB=51,51,0, SURF_ID="INERT'/ Obstruction
&OBST XB=102.0,109.25,203.25,204.25,8.25,8.5, RGB=51,51,0, SURF_ID="INERT"/ Obstruction
&OBST XB=102.0,109.25,202.25,203.25,8.5,8.75, RGB=51,51,0, SURF_ID="INERT'/ Obstruction
&OBST XB=102.0,109.25,201.25,202.25,8.75,9.0, RGB=51,51,0, SURF_ID="INERT'/ Obstruction
&OBST XB=102.0,109.25,200.25,201.25,9.0,9.25, RGB=51,51,0, SURF_ID="INERT'/ Obstruction
&OBST XB=102.0,109.25,199.25,200.25,9.25,9.5, RGB=51,51,0, SURF_ID="INERT"/ Obstruction
&OBST XB=102.0,109.25,198.25,199.25,9.5,9.75, RGB=51,51,0, SURF_ID="INERT"/ Obstruction
&OBST XB=102.0,109.25,198.5,198.75,9.75,16.0, SURF_ID="INERT'/ Obstruction

&OBST XB=102.5,102.75,198.75,202.0,0.0,2.75, SURF_ID="INERT"/ Obstruction

&OBST XB=108.25,108.5,198.75,201.75,0.0,2.75, SURF_ID="INERT'/ Obstruction

&OBST XB=109.25,109.5,198.25,198.5,4.0,8.0, SURF_ID="INERT'/ Obstruction

&OBST XB=109.25,109.5,198.75,206.25,4.0,8.0, SURF_ID="INERT'/ Obstruction

&OBST XB=109.25,110.25,198.5,198.75,0.0,16.0, SURF_ID="INERT'"/ Obstruction

&OBST XB=110.0,110.25,198.75,200.75,0.0,2.75, SURF_ID="INERT'/ Obstruction

&OBST XB=110.0,114.75,200.75,201.0,0.0,2.75, SURF_ID='INERT'/ Obstruction
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&OBST XB=110.5,114.75,198.5,198.75,3.75,4.0, COLOR="GRAY 80', SURF_ID='INERT"/ Obstruction
&OBST XB=110.5,117.25,205.5,206.0,3.75,4.0, COLOR='"GRAY 80', SURF_ID="INERT'/ Obstruction
&OBST XB=110.5,117.5,198.75,205.5,3.75,4.0, COLOR='GRAY 80', SURF_ID='INERT'/ Obstruction
&OBST XB=110.5,117.75,206.0,206.25,4.0,7.75, SURF_ID="INERT"/ Obstruction

&OBST XB=110.5,117.75,205.25,206.0,7.75,8.0, SURF_ID="INERT'/ Obstruction

&OBST XB=110.5,117.75,206.0,206.25,7.75,8.0, SURF_ID="INERT'/ Obstruction

&OBST XB=110.5,117.75,204.25,205.25,8.0,8.25, RGB=51,51,0, SURF_ID="INERT'/ Obstruction
&OBST XB=110.5,117.75,203.25,204.25,8.25,8.5, RGB=51,51,0, SURF_ID="INERT'/ Obstruction
&OBST XB=110.5,117.75,202.25,203.25,8.5,8.75, RGB=51,51,0, SURF_ID="INERT'/ Obstruction
&OBST XB=110.5,117.75,201.25,202.25,8.75,9.0, RGB=51,51,0, SURF_ID="INERT'/ Obstruction
&OBST XB=110.5,117.75,200.25,201.25,9.0,9.25, RGB=51,51,0, SURF_ID="INERT"/ Obstruction
&OBST XB=110.5,117.75,199.25,200.25,9.25,9.5, RGB=51,51,0, SURF_ID="INERT'/ Obstruction
&OBST XB=110.5,117.75,198.25,199.25,9.5,9.75, RGB=51,51,0, SURF_ID="INERT'/ Obstruction
&OBST XB=114.5,114.75,198.5,200.5,0.0,2.75, SURF_ID="INERT"/ Obstruction

&OBST XB=114.75,117.5,198.25,198.5,0.0,9.5, SURF_ID="INERT'/ Obstruction

&OBST XB=114.75,117.5,198.5,198.75,3.75,4.0, COLOR='GRAY 80', SURF_ID='INERT'/ Obstruction
&OBST XB=114.75,117.5,198.25,198.5,9.75,16.0, SURF_ID="INERT'/ Obstruction

&OBST XB=115.25,115.5,228.0,229.0,0.0,2.0, SURF_ID="INERT'"/ Obstruction

&OBST XB=115.25,117.25,227.75,228.0,0.0,2.0, SURF_ID="INERT'/ Obstruction

&OBST XB=115.25,117.25,227.75,229.0,2.0,2.25, COLOR='GRAY 80', SURF_ID='INERT'/ Obstruction
&OBST XB=117.25,117.5,232.25,232.5,0.0,4.75, SURF_ID="INERT'/ Obstruction

&OBST XB=94.0,94.5,227.75,227.75,0.0,2.0, SURF_ID="INERT'/ Obstruction

&OBST XB=94.0,96.25,232.5,232.5,0.0,2.0, SURF_ID="INERT'/ Obstruction

&OBST XB=94.0,96.25,232.5,232.5,2.25,4.75, SURF_ID="INERT'/ Obstruction

&OBST XB=94.0,96.25,206.25,206.25,4.0,7.75, SURF_ID="INERT'/ Obstruction

&OBST XB=96.5,97.5,200.75,200.75,0.0,2.75, SURF_ID="INERT'/ Obstruction

&OBST XB=102.75,108.25,201.75,201.75,0.0,2.75, SURF_ID='INERT'/ Obstruction

&OBST XB=110.25,110.5,198.5,198.5,0.0,16.0, SURF_ID="INERT"/ Obstruction

&OBST XB=110.5,114.5,198.5,198.5,0.0,3.75, SURF_ID="INERT'/ Obstruction

&OBST XB=110.5,114.75,198.5,198.5,4.0,9.5, SURF_ID="INERT'/ Obstruction

&OBST XB=110.5,114.75,198.5,198.5,9.75,16.0, SURF_ID="INERT'/ Obstruction

&OBST XB=113.5,117.25,232.5,232.5,0.0,2.0, SURF_ID="INERT'/ Obstruction

&OBST XB=113.5,117.25,232.5,232.5,2.25,4.75, SURF_ID="INERT'/ Obstruction

&OBST XB=114.5,114.75,198.5,198.5,2.75,3.75, SURF_ID="INERT"/ Obstruction

&OBST XB=94.0,94.0,198.75,203.75,0.0,3.75, SURF_ID=INERT'"/ Obstruction

&OBST XB=94.0,94.0,203.25,203.75,4.0,8.25, SURF_ID="INERT'/ Obstruction

&OBST XB=94.0,94.0,202.25,203.25,4.0,8.5, SURF_ID="INERT'/ Obstruction

&OBST XB=94.0,94.0,201.25,202.25,4.0,8.75, SURF_ID='INERT'/ Obstruction

&OBST XB=94.0,94.0,200.25,201.25,4.0,9.0, SURF_ID='INERT'/ Obstruction
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&OBST XB=94.0,94.0,199.25,200.25,4.0,9.25, SURF_ID="INERT'/ Obstruction

&OBST XB=94.0,94.0,198.75,199.25,4.0,9.5, SURF_ID='INERT'/ Obstruction

&OBST XB=94.0,94.0,203.25,203.75,8.5,16.0, SURF_ID="INERT'/ Obstruction

&OBST XB=94.0,94.0,202.25,203.25,8.75,16.0, SURF_ID="INERT'/ Obstruction

&OBST XB=94.0,94.0,201.25,202.25,9.0,16.0, SURF_ID='INERT'/ Obstruction

&OBST XB=94.0,94.0,200.25,201.25,9.25,16.0, SURF_ID="INERT'/ Obstruction

&OBST XB=94.0,94.0,199.25,200.25,9.5,16.0, SURF_ID="INERT'/ Obstruction

&OBST XB=94.0,94.0,198.75,199.25,9.75,16.0, SURF_ID="INERT'/ Obstruction

&OBST XB=98.0,98.0,232.75,235.0,0.0,2.0, SURF_ID="INERT'"/ Obstruction

&OBST XB=98.0,98.0,232.75,235.0,2.25,4.75, SURF_ID="INERT'/ Obstruction

&OBST XB=101.0,101.0,205.75,206.0,4.0,7.75, SURF_ID="INERT'/ Obstruction

&OBST XB=102.0,102.0,205.25,206.0,4.0,7.75, SURF_ID="INERT"/ Obstruction

&OBST XB=102.0,102.0,203.25,205.25,4.0,8.0, SURF_ID="INERT"/ Obstruction

&OBST XB=110.5,110.5,205.25,206.0,4.0,7.75, SURF_ID="INERT'/ Obstruction

&OBST XB=110.5,110.5,198.0,205.25,4.0,8.0, SURF_ID="INERT'/ Obstruction

&OBST XB=113.5,113.5,232.5,236.5,0.0,2.0, SURF_ID="INERT"/ Obstruction

&OBST XB=113.5,113.5,236.5,236.75,0.0,4.75, SURF_ID="INERT"/ Obstruction

&OBST XB=113.5,113.5,232.5,236.5,2.25,4.75, SURF_ID="INERT'/ Obstruction

&OBST XB=114.75,114.75,200.5,200.75,0.0,2.75, SURF_ID="INERT'"/ Obstruction

&OBST XB=93.75,117.5,203.75,236.75,-2.25,-0.25, COLOR='GRAY 80', SURF_ID='INERT'/ Obstruction
&OBST XB=94.0,117.5,198.5,203.75,-2.25,-0.25, COLOR='GRAY 80', SURF_ID='INERT'/ Obstruction
&OBST XB=114.75,117.5,198.25,198.5,-2.25,-0.25, COLOR='GRAY 80', SURF_ID='INERT'/ Obstruction

&HOLE XB=109.4,110.389,197.975,199.1,0.0,2.0/ Hole
&HOLE XB=101.0,101.75,197.975,199.1,4.0,6.0/ Hole
&HOLE XB=101.0,101.75,197.975,199.1,0.0,2.0/ Hole
&HOLE XB=109.4,110.389,197.975,199.1,4.0,6.0/ Hole

&VENT SURF_ID="Fire', XB=106.5,107.5,232.5,233.5,2.25,2.25/ Vent

&SLCF QUANTITY="TEMPERATURE', PBY=213.482/

&SLCF QUANTITY="VELOCITY", VECTOR=.TRUE., PBY=213.482/
&SLCF QUANTITY="VISIBILITY", PBY=213.482/

&SLCF QUANTITY='VISIBILITY', PBZ=9.75/

&SLCF QUANTITY="TEMPERATURE', PBX=107.0/

&SLCF QUANTITY='"VELOCITY', VECTOR=.TRUE., PBX=107.0/
&SLCF QUANTITY='VISIBILITY', PBX=107.0/

&SLCF QUANTITY='VELOCITY', VECTOR=.TRUE., PBY=198.5/
&TAIL /
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Appendix R: Sprinkler Activation DETACT Model

DETACT
e Gas temp Dettemp e=——=HRR
90.0 7000.0
/
80.0 1 6000.0
70.0
co0 S + 5000.0
2 500 " - 40000 2
a. =
E 40.0 / // 4 3000.0 95::‘
30.0
_— ~ + 2000.0
20.0
10.0 _— + 1000.0
0.0 — 0.0
0 50 100 150 200 250 300 350 400
TIME (s)
CALC.
INPUT PARAMETERS PARAMETERS
Ceiling height (H) 12 m R/H 0.333
Radial distance (R) 4.0 m dT(cj))/dT(pl) 0.624
Ambient temperature
(To) 20 C u(cj)/u(pl) 0.500
Actuation temperature
(Td) 74 C Rep. 2 coeff. k
Response time index
(RTI) 50 (m-s)1/2 Slow 0.003
Fire growth power (n) 2 - Medium 0.012
Fire growth coefficient (k) | 0.047 | kW/s™n Fast 0.047
Time step (dt) 2 S Ultrafast 0.400
Gas
Calculation time (s) HRR temp Gas velocity Det temp dT/dt
0 0.0 20.0 0.00 20.00 0.00
2 0.2 20.1 0.13 20.00 0.00
4 0.8 20.1 0.20 20.00 0.00
6 1.7 20.2 0.26 20.00 0.00
8 3.0 20.3 0.32 20.01 0.00
10 4.7 20.5 0.37 20.02 0.01
12 6.8 20.6 0.41 20.03 0.01
14 9.2 20.7 0.46 20.04 0.01
16 12.0 20.9 0.50 20.06 0.01
18 15.2 21.0 0.54 20.08 0.01
20 18.8 21.2 0.58 20.11 0.02
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22 22.7 21.3 0.62 20.14 0.02
24 27.1 215 0.66 20.18 0.02
26 31.8 21.7 0.69 20.22 0.02
28 36.8 21.9 0.73 20.27 0.03
30 42.3 22.0 0.76 20.33 0.03
32 48.1 22.2 0.79 20.39 0.03
34 54.3 22.4 0.83 20.45 0.04
36 60.9 22.6 0.86 20.52 0.04
38 67.9 22.8 0.89 20.60 0.04
40 75.2 23.0 0.92 20.68 0.04
42 82.9 23.2 0.95 20.77 0.05
44 91.0 23.4 0.98 20.87 0.05
46 99.5 23.6 1.01 20.97 0.05
48 108.3 23.8 1.04 21.07 0.06
50 1175 24.0 1.07 21.18 0.06
52 127.1 24.2 1.10 21.30 0.06
54 137.1 24.5 1.13 21.42 0.06
56 147.4 24.7 1.15 21.55 0.07
58 158.1 24.9 1.18 21.69 0.07
60 169.2 25.1 1.21 21.83 0.07
62 180.7 254 1.23 21.97 0.08
64 192.5 25.6 1.26 22.12 0.08
66 204.7 25.8 1.29 22.28 0.08
68 217.3 26.1 1.31 22.44 0.08
70 230.3 26.3 1.34 22.60 0.09
72 243.6 26.5 1.36 22.78 0.09
74 257.4 26.8 1.39 22.95 0.09
76 2715 27.0 141 23.13 0.09
78 285.9 27.3 1.44 23.32 0.09
80 300.8 275 1.46 2351 0.10
82 316.0 27.8 1.49 23.70 0.10
84 331.6 28.0 151 23.90 0.10
86 347.6 28.3 153 24.10 0.10
88 364.0 28.5 1.56 24.31 0.11
90 380.7 28.8 1.58 24.52 0.11
92 397.8 29.1 1.60 24.74 0.11
94 415.3 29.3 1.63 24.96 0.11
96 433.2 29.6 1.65 25.18 0.11
98 451.4 29.9 1.67 2541 0.12
100 470.0 30.1 1.70 25.64 0.12
102 489.0 30.4 1.72 25.87 0.12
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104 508.4 30.7 1.74 26.11 0.12
106 528.1 31.0 1.76 26.35 0.12
108 548.2 31.2 1.79 26.60 0.12
110 568.7 315 1.81 26.84 0.13
112 589.6 31.8 1.83 27.10 0.13
114 610.8 32.1 1.85 27.35 0.13
116 632.4 32.4 1.87 27.61 0.13
118 654.4 32.6 1.89 27.87 0.13
120 676.8 32.9 1.92 28.13 0.13
122 699.5 33.2 1.94 28.39 0.13
124 722.7 33.5 1.96 28.66 0.14
126 746.2 33.8 1.98 28.93 0.14
128 770.0 34.1 2.00 29.21 0.14
130 794.3 34.4 2.02 29.48 0.14
132 818.9 34.7 2.04 29.76 0.14
134 843.9 35.0 2.06 30.04 0.14
136 869.3 35.3 2.08 30.33 0.14
138 895.1 35.6 2.10 30.61 0.14
140 921.2 35.9 2.12 30.90 0.14
142 947.7 36.2 2.14 31.19 0.15
144 974.6 36.5 2.16 31.48 0.15
146 1001.9 36.8 2.18 31.78 0.15
148 1029.5 37.1 2.20 32.07 0.15
150 1057.5 37.4 2.22 32.37 0.15
152 1085.9 37.7 2.24 32.67 0.15
154 1114.7 38.0 2.26 32.97 0.15
156 1143.8 38.3 2.28 33.28 0.15
158 1173.3 38.7 2.30 33.58 0.15
160 1203.2 39.0 2.32 33.89 0.15
162 1233.5 39.3 2.34 34.20 0.16
164 1264.1 39.6 2.36 34.51 0.16
166 1295.1 39.9 2.38 34.82 0.16
168 1326.5 40.2 2.40 35.14 0.16
170 1358.3 40.6 2.42 35.45 0.16
172 1390.4 40.9 2.44 35.77 0.16
174 1423.0 41.2 2.45 36.09 0.16
176 1455.9 41.5 2.47 36.41 0.16
178 1489.1 41.9 2.49 36.73 0.16
180 1522.8 42.2 2.51 37.06 0.16
182 1556.8 42.5 2.53 37.38 0.16
184 1591.2 42.9 2.55 37.71 0.16
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186 1626.0 43.2 2.57 38.04 0.16
188 1661.2 43.5 2.58 38.37 0.17
190 1696.7 43.9 2.60 38.70 0.17
192 1732.6 44.2 2.62 39.03 0.17
194 1768.9 44.5 2.64 39.37 0.17
196 1805.6 44.9 2.66 39.70 0.17
198 1842.6 45.2 2.68 40.04 0.17
200 1880.0 45.5 2.69 40.38 0.17
202 1917.8 45.9 2.71 40.71 0.17
204 1956.0 46.2 2.73 41.05 0.17
206 1994.5 46.6 2.75 41.40 0.17
208 2033.4 46.9 2.76 41.74 0.17
210 2072.7 47.3 2.78 42.08 0.17
212 21124 47.6 2.80 42.43 0.17
214 2152.4 48.0 2.82 42.77 0.17
216 2192.8 48.3 2.84 43.12 0.17
218 2233.6 48.7 2.85 43.47 0.17
220 2274.8 49.0 2.87 43.82 0.18
222 2316.3 49.4 2.89 44.17 0.18
224 2358.3 49.7 2.90 44.52 0.18
226 2400.6 50.1 2.92 44.88 0.18
228 2443.2 50.4 2.94 45.23 0.18
230 2486.3 50.8 2.96 45.59 0.18
232 2529.7 51.1 2.97 45.94 0.18
234 2573.5 515 2.99 46.30 0.18
236 2617.7 51.8 3.01 46.66 0.18
238 2662.3 52.2 3.02 47.02 0.18
240 2707.2 52.6 3.04 47.38 0.18
242 2752.5 52.9 3.06 47.74 0.18
244 2798.2 53.3 3.08 48.11 0.18
246 2844.3 53.7 3.09 48.47 0.18
248 2890.7 54.0 3.11 48.83 0.18
250 2937.5 54.4 3.13 49.20 0.18
252 2984.7 54.8 3.14 49.57 0.18
254 3032.3 55.1 3.16 49.94 0.18
256 3080.2 55.5 3.18 50.30 0.18
258 3128.5 55.9 3.19 50.67 0.19
260 3177.2 56.2 3.21 51.05 0.19
262 3226.3 56.6 3.22 51.42 0.19
264 3275.7 57.0 3.24 51.79 0.19
266 3325.5 57.4 3.26 52.16 0.19
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268 3375.7 57.7 3.27 52.54 0.19
270 3426.3 58.1 3.29 52.91 0.19
272 3477.2 58.5 3.31 53.29 0.19
274 3528.6 58.9 3.32 53.67 0.19
276 3580.3 59.2 3.34 54.05 0.19
278 3632.3 59.6 3.35 54.43 0.19
280 3684.8 60.0 3.37 54.81 0.19
282 3737.6 60.4 3.39 55.19 0.19
284 3790.8 60.8 3.40 55.57 0.19
286 3844.4 61.1 3.42 55.95 0.19
288 3898.4 61.5 3.43 56.34 0.19
290 3952.7 61.9 3.45 56.72 0.19
292 4007.4 62.3 3.47 57.11 0.19
294 4062.5 62.7 3.48 57.50 0.19
296 4118.0 63.1 3.50 57.88 0.19
298 4173.8 63.5 3.51 58.27 0.19
300 4230.0 63.9 3.53 58.66 0.20
302 4286.6 64.2 3.54 59.05 0.20
304 4343.6 64.6 3.56 59.44 0.20
306 4400.9 65.0 3.58 59.83 0.20
308 4458.6 65.4 3.59 60.23 0.20
310 4516.7 65.8 3.61 60.62 0.20
312 4575.2 66.2 3.62 61.02 0.20
314 4634.0 66.6 3.64 61.41 0.20
316 4693.2 67.0 3.65 61.81 0.20
318 4752.8 67.4 3.67 62.20 0.20
320 4812.8 67.8 3.68 62.60 0.20
322 4873.1 68.2 3.70 63.00 0.20
324 4933.9 68.6 3.72 63.40 0.20
326 4995.0 69.0 3.73 63.80 0.20
328 5056.4 69.4 3.75 64.20 0.20
330 5118.3 69.8 3.76 64.60 0.20
332 5180.5 70.2 3.78 65.01 0.20
334 5243.1 70.6 3.79 65.41 0.20
336 5306.1 71.0 3.81 65.81 0.20
338 5369.5 71.4 3.82 66.22 0.20
340 5433.2 71.8 3.84 66.63 0.20
342 5497.3 72.2 3.85 67.03 0.20
344 5561.8 72.6 3.87 67.44 0.20
346 5626.7 73.0 3.88 67.85 0.20
348 5691.9 73.5 3.90 68.26 0.21
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350 5757.5 73.9 3.91 68.67 0.21
352 5823.5 74.3 3.93 69.08 0.21
354 5889.9 74.7 3.94 69.49 0.21
356 5956.6 75.1 3.96 69.90 0.21
358 6023.7 75.5 3.97 70.32 0.21
360 6091.2 75.9 3.99 70.73 0.21
362 6159.1 76.3 4.00 71.14 0.21
364 6227.3 76.8 4.01 71.56 0.21
366 6295.9 77.2 4.03 71.98 0.21
368 6364.9 77.6 4.04 72.39 0.21
370 6434.3 78.0 4.06 72.81 0.21
372 6504.0 78.4 4.07 73.23 0.21
374 6574.2 78.8 4.09 73.65 0.21
376 6644.7 79.3 4.10 74.07 0.21

109




Appendix S: Fusible Link Activation DETACT Model

DETACT
e Gas temp Dettemp e=—HRR
100.0 14000.0
90.0 7 + 12000.0
80.0
70.0 /7/ = 10000.0
T 600 = © 80000 3
& 500 =
E 40.0 — - + 6000.0 %‘
300 // // < 4000.0
20.0
100 // + 2000.0
0.0 0.0
0 100 200 300 400 500 600
TIME (s)
CALC.
INPUT PARAMETERS PARAMETERS
Ceiling height (H) 12 m R/H 0.500
Radial distance (R) 6.0 m dT(c))/dT(pl) 0.476
Ambient temperature
(To) 20 C u(cj)/u(pl) 0.356
Actuation temperature
(Td) 74 C Rep. 2 coeff. k
Response time index
(RTI) 167 (m-s)1/2 Slow 0.003
Fire growth power (n) 2 - Medium 0.012
Fire growth coefficient (k) | 0.047 | kW/s™n Fast 0.047
Time step (dt) 2 S Ultrafast 0.400
Gas
Calculation time (s) HRR temp Gas velocity Det temp dT/dt
0 0.0 20.0 0.00 20.00 0.00
2 0.2 20.0 0.09 20.00 0.00
4 0.8 20.1 0.14 20.00 0.00
6 1.7 20.2 0.19 20.00 0.00
8 3.0 20.3 0.22 20.00 0.00
10 4.7 20.4 0.26 20.00 0.00
12 6.8 20.5 0.29 20.01 0.00
14 9.2 20.6 0.33 20.01 0.00
16 12.0 20.7 0.36 20.01 0.00
18 15.2 20.8 0.39 20.02 0.00
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20 18.8 20.9 0.41 20.02 0.00
22 22.7 21.0 0.44 20.03 0.00
24 27.1 21.2 0.47 20.04 0.00
26 31.8 21.3 0.49 20.05 0.01
28 36.8 21.4 0.52 20.06 0.01
30 42.3 21.6 0.54 20.07 0.01
32 48.1 21.7 0.57 20.08 0.01
34 54.3 21.8 0.59 20.10 0.01
36 60.9 22.0 0.61 20.11 0.01
38 67.9 22.1 0.63 20.13 0.01
40 75.2 22.3 0.66 20.15 0.01
42 82.9 22.4 0.68 20.17 0.01
44 91.0 22.6 0.70 20.19 0.01
46 99.5 22.7 0.72 20.22 0.01
48 108.3 22.9 0.74 20.24 0.01
50 117.5 23.1 0.76 20.27 0.01
52 127.1 23.2 0.78 20.30 0.02
54 137.1 234 0.80 20.33 0.02
56 147.4 23.6 0.82 20.36 0.02
58 158.1 23.7 0.84 20.40 0.02
60 169.2 23.9 0.86 20.43 0.02
62 180.7 24.1 0.88 20.47 0.02
64 192.5 24.3 0.90 20.51 0.02
66 204.7 24.4 0.92 20.56 0.02
68 217.3 24.6 0.94 20.60 0.02
70 230.3 24.8 0.95 20.65 0.02
72 243.6 25.0 0.97 20.70 0.03
74 257.4 25.2 0.99 20.75 0.03
76 2715 254 1.01 20.80 0.03
78 285.9 25.6 1.03 20.85 0.03
80 300.8 25.7 1.04 20.91 0.03
82 316.0 25.9 1.06 20.97 0.03
84 331.6 26.1 1.08 21.03 0.03
86 347.6 26.3 1.09 21.09 0.03
88 364.0 26.5 111 21.16 0.03
90 380.7 26.7 1.13 21.23 0.03
92 397.8 26.9 114 21.30 0.04
94 415.3 27.1 1.16 21.37 0.04
96 433.2 27.3 1.18 21.44 0.04
98 451.4 275 1.19 21.52 0.04
100 470.0 27.7 1.21 21.60 0.04
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102 489.0 27.9 1.23 21.68 0.04
104 508.4 28.2 1.24 21.76 0.04
106 528.1 28.4 1.26 21.85 0.04
108 548.2 28.6 1.27 21.94 0.04
110 568.7 28.8 1.29 22.03 0.05
112 589.6 29.0 131 22.12 0.05
114 610.8 29.2 1.32 22.21 0.05
116 632.4 29.4 1.34 22.31 0.05
118 654.4 29.6 1.35 22.41 0.05
120 676.8 29.9 1.37 22,51 0.05
122 699.5 30.1 1.38 22.61 0.05
124 722.7 30.3 1.40 22.72 0.05
126 746.2 30.5 141 22.82 0.05
128 770.0 30.7 1.43 22.93 0.06
130 794.3 31.0 1.44 23.04 0.06
132 818.9 31.2 1.46 23.16 0.06
134 843.9 31.4 1.47 23.27 0.06
136 869.3 317 1.49 23.39 0.06
138 895.1 31.9 1.50 23.51 0.06
140 921.2 32.1 151 23.64 0.06
142 947.7 32.3 153 23.76 0.06
144 974.6 32.6 154 23.89 0.06
146 1001.9 32.8 1.56 24.02 0.07
148 1029.5 33.0 1.57 24.15 0.07
150 1057.5 33.3 1.59 24.28 0.07
152 1085.9 33.5 1.60 24.42 0.07
154 1114.7 33.8 1.61 24.56 0.07
156 1143.8 34.0 1.63 24.70 0.07
158 1173.3 34.2 1.64 24.84 0.07
160 1203.2 34.5 1.66 24.98 0.07
162 1233.5 34.7 1.67 25.13 0.07
164 1264.1 35.0 1.68 25.28 0.08
166 1295.1 35.2 1.70 25.43 0.08
168 1326.5 35.4 1.71 25.58 0.08
170 1358.3 35.7 1.72 25.73 0.08
172 1390.4 35.9 1.74 25.89 0.08
174 1423.0 36.2 1.75 26.05 0.08
176 1455.9 36.4 1.76 26.21 0.08
178 1489.1 36.7 1.78 26.37 0.08
180 1522.8 36.9 1.79 26.54 0.08
182 1556.8 37.2 1.80 26.70 0.08
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184 1591.2 37.4 1.82 26.87 0.09
186 1626.0 37.7 1.83 27.04 0.09
188 1661.2 37.9 1.84 27.22 0.09
190 1696.7 38.2 1.86 27.39 0.09
192 1732.6 38.5 1.87 27.57 0.09
194 1768.9 38.7 1.88 27.75 0.09
196 1805.6 39.0 1.90 27.93 0.09
198 1842.6 39.2 1.91 28.11 0.09
200 1880.0 39.5 1.92 28.29 0.09
202 1917.8 39.8 1.93 28.48 0.09
204 1956.0 40.0 1.95 28.67 0.09
206 1994.5 40.3 1.96 28.86 0.10
208 2033.4 40.5 1.97 29.05 0.10
210 2072.7 40.8 1.98 29.24 0.10
212 21124 41.1 2.00 29.43 0.10
214 2152.4 41.3 2.01 29.63 0.10
216 2192.8 41.6 2.02 29.83 0.10
218 2233.6 41.9 2.03 30.03 0.10
220 2274.8 42.1 2.05 30.23 0.10
222 2316.3 42.4 2.06 30.44 0.10
224 2358.3 42.7 2.07 30.64 0.10
226 2400.6 42.9 2.08 30.85 0.10
228 2443.2 43.2 2.10 31.06 0.11
230 2486.3 43.5 2.11 31.27 0.11
232 2529.7 43.8 2.12 31.48 0.11
234 2573.5 44.0 2.13 31.70 0.11
236 2617.7 44.3 2.15 31.91 0.11
238 2662.3 44.6 2.16 32.13 0.11
240 2707.2 44.9 2.17 32.35 0.11
242 2752.5 45.1 2.18 32.57 0.11
244 2798.2 45.4 2.19 32.79 0.11
246 2844.3 45.7 2.21 33.01 0.11
248 2890.7 46.0 2.22 33.24 0.11
250 2937.5 46.2 2.23 33.47 0.11
252 2984.7 46.5 2.24 33.70 0.12
254 3032.3 46.8 2.25 33.93 0.12
256 3080.2 47.1 2.26 34.16 0.12
258 3128.5 47.4 2.28 34.39 0.12
260 3177.2 47.7 2.29 34.62 0.12
262 3226.3 47.9 2.30 34.86 0.12
264 3275.7 48.2 231 35.10 0.12
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266 3325.5 48.5 2.32 35.34 0.12
268 3375.7 48.8 2.33 35.58 0.12
270 3426.3 49.1 2.35 35.82 0.12
272 3477.2 49.4 2.36 36.06 0.12
274 3528.6 49.7 2.37 36.31 0.12
276 3580.3 49.9 2.38 36.55 0.12
278 3632.3 50.2 2.39 36.80 0.12
280 3684.8 50.5 2.40 37.05 0.13
282 3737.6 50.8 2.42 37.30 0.13
284 3790.8 51.1 2.43 37.55 0.13
286 3844.4 514 2.44 37.80 0.13
288 3898.4 51.7 2.45 38.06 0.13
290 3952.7 52.0 2.46 38.31 0.13
292 4007.4 52.3 2.47 38.57 0.13
294 4062.5 52.6 2.48 38.83 0.13
296 4118.0 52.9 2.49 39.09 0.13
298 4173.8 53.2 2.51 39.35 0.13
300 4230.0 53.5 2.52 39.61 0.13
302 4286.6 53.8 2.53 39.88 0.13
304 4343.6 54.1 2.54 40.14 0.13
306 4400.9 54.4 2.55 40.41 0.13
308 4458.6 54.7 2.56 40.67 0.13
310 4516.7 55.0 2.57 40.94 0.13
312 4575.2 55.3 2.58 41.21 0.14
314 4634.0 55.6 2.60 41.48 0.14
316 4693.2 55.9 2.61 41.75 0.14
318 4752.8 56.2 2.62 42.03 0.14
320 4812.8 56.5 2.63 42.30 0.14
322 4873.1 56.8 2.64 42.57 0.14
324 4933.9 57.1 2.65 42.85 0.14
326 4995.0 57.4 2.66 43.13 0.14
328 5056.4 57.7 2.67 43.41 0.14
330 5118.3 58.0 2.68 43.69 0.14
332 5180.5 58.3 2.69 43.97 0.14
334 5243.1 58.6 2.70 44.25 0.14
336 5306.1 58.9 2.71 44.53 0.14
338 5369.5 59.2 2.73 44.82 0.14
340 5433.2 59.5 2.74 45.10 0.14
342 5497.3 59.9 2.75 45.39 0.14
344 5561.8 60.2 2.76 45.67 0.14
346 5626.7 60.5 2.77 45.96 0.14
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348 5691.9 60.8 2.78 46.25 0.15
350 5757.5 61.1 2.79 46.54 0.15
352 5823.5 61.4 2.80 46.83 0.15
354 5889.9 61.7 2.81 47.13 0.15
356 5956.6 62.0 2.82 47.42 0.15
358 6023.7 62.4 2.83 47.71 0.15
360 6091.2 62.7 2.84 48.01 0.15
362 6159.1 63.0 2.85 48.30 0.15
364 6227.3 63.3 2.86 48.60 0.15
366 6295.9 63.6 2.87 48.90 0.15
368 6364.9 63.9 2.88 49.20 0.15
370 6434.3 64.3 2.90 49.50 0.15
372 6504.0 64.6 2.91 49.80 0.15
374 6574.2 64.9 2.92 50.10 0.15
376 6644.7 65.2 2.93 50.40 0.15
378 6715.5 65.5 2.94 50.71 0.15
380 6786.8 65.9 2.95 51.01 0.15
382 6858.4 66.2 2.96 51.32 0.15
384 6930.4 66.5 2.97 51.62 0.15
386 7002.8 66.8 2.98 51.93 0.15
388 7075.6 67.2 2.99 52.24 0.15
390 7148.7 67.5 3.00 52.55 0.15
392 7222.2 67.8 3.01 52.86 0.16
394 7296.1 68.1 3.02 53.17 0.16
396 7370.4 68.5 3.03 53.48 0.16
398 7445.0 68.8 3.04 53.79 0.16
400 7520.0 69.1 3.05 54.11 0.16
402 7595.4 69.4 3.06 54.42 0.16
404 7671.2 69.8 3.07 54.73 0.16
406 77473 70.1 3.08 55.05 0.16
408 7823.8 70.4 3.09 55.37 0.16
410 7900.7 70.8 3.10 55.68 0.16
412 7978.0 711 3.11 56.00 0.16
414 8055.6 71.4 3.12 56.32 0.16
416 8133.6 71.8 3.13 56.64 0.16
418 8212.0 72.1 3.14 56.96 0.16
420 8290.8 72.4 3.15 57.28 0.16
422 8369.9 72.7 3.16 57.60 0.16
424 8449.5 73.1 3.17 57.92 0.16
426 8529.4 73.4 3.18 58.25 0.16
428 8609.6 73.8 3.19 58.57 0.16
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430 8690.3 74.1 3.20 58.90 0.16
432 8771.3 74.4 3.21 59.22 0.16
434 8852.7 74.8 3.22 59.55 0.16
436 8934.5 75.1 3.23 59.87 0.16
438 9016.7 75.4 3.24 60.20 0.16
440 9099.2 75.8 3.25 60.53 0.16
442 9182.1 76.1 3.26 60.86 0.16
444 9265.4 76.4 3.27 61.19 0.17
446 9349.1 76.8 3.28 61.52 0.17
448 9433.1 77.1 3.29 61.85 0.17
450 9517.5 77.5 3.30 62.18 0.17
452 9602.3 77.8 3.31 62.51 0.17
454 9687.5 78.1 3.32 62.85 0.17
456 9773.0 78.5 3.33 63.18 0.17
458 9858.9 78.8 3.34 63.52 0.17
460 9945.2 79.2 3.35 63.85 0.17
462 10031.9 79.5 3.36 64.19 0.17
464 10118.9 79.9 3.37 64.52 0.17
466 10206.3 80.2 3.38 64.86 0.17
468 10294.1 80.6 3.39 65.20 0.17
470 10382.3 80.9 3.40 65.54 0.17
472 10470.8 81.2 3.41 65.88 0.17
474 10559.8 81.6 341 66.21 0.17
476 10649.1 81.9 3.42 66.56 0.17
478 10738.7 82.3 3.43 66.90 0.17
480 10828.8 82.6 3.44 67.24 0.17
482 10919.2 83.0 3.45 67.58 0.17
484 11010.0 83.3 3.46 67.92 0.17
486 11101.2 83.7 3.47 68.27 0.17
488 11192.8 84.0 3.48 68.61 0.17
490 11284.7 84.4 3.49 68.95 0.17
492 11377.0 84.7 3.50 69.30 0.17
494 11469.7 85.1 3.51 69.64 0.17
496 11562.8 85.4 3.52 69.99 0.17
498 11656.2 85.8 3.53 70.34 0.17
500 11750.0 86.1 3.54 70.69 0.17
502 11844.2 86.5 3.55 71.03 0.17
504 11938.8 86.8 3.56 71.38 0.17
506 12033.7 87.2 3.57 71.73 0.17
508 12129.0 87.5 3.58 72.08 0.18
510 12224.7 87.9 3.59 72.43 0.18
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512 12320.8 88.3 3.60 72.78 0.18
514 12417.2 88.6 3.60 73.13 0.18
516 12514.0 89.0 3.61 73.49 0.18
518 12611.2 89.3 3.62 73.84 0.18
520 12708.8 89.7 3.63 74.19 0.18
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