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ABSTRACT

Earthquakes have the potential to cause significant damage to building structural
and nonstructural systems. Once damaged, buildings become highly susceptible to post-
earthquake fire. Although considerable research has been undertaken with respect to the
performance of structural systems, research aimed at understanding and quantifying the
performance of nonstructural systems and post-earthquake fire performance of buildings
has been severely lacking. To begin addressing this crucial gap in knowledge, an
academe-industry collaborative was formed to conduct the project Full-Scale Structural
and Nonstructural Building System Performance during Earthquakes & Post-Earthquake
Fire, a $5 Million effort referred to as the building nonstructural components and systems

(BNCS) project (http://bncs.ucsd.edu/index.html). This report details those aspects of the

BNCS project related to the fire performance testing, including details of the third floor
fire test compartments, post-motion test state of the third floor systems, outcomes of the
blower door fan tests, fire test plan and fire test data. Preliminary observations, planned
analyses, and future research recommendations are presented. Details on the seismic
design of the test specimen, overall building layout, installed systems and contents, the
seismic test program, including earthquake motions, sensors and instrumentation, and
data from the motion tests, including on fire protection systems, are available in Chen et
al. (2013) and Pantoli et al. (2013).
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EXECUTIVE SUMMARY

In April and May 2012, a series of landmark full-scale experiments were conducted on
and within a 5-story reinforced concrete frame test specimen, with floor plates measuring
6.6 meters by 11 meters (21.5 feet by 36 feet), which was erected on the nation’s largest
outdoor shake table at the Englekirk Structural Engineering Center at the University of
California, San Diego. Referred to as the building nonstructural components and systems
(BNCS) project (http://bncs.ucsd.edu/index.html), the goal of this $5 Million academe-

industry-government collaborative was to investigate earthquake performance of
nonstructural building systems and post-earthquake fire performance.

During the period 16 April - 15 May 2012, the test specimen was subjected to a
total of 13 motion tests, seven with base isolation (Bl) and six with a fixed base (FB)
configuration. Seismic motions were selected from earthquake events occurring off the
coast of California, in the central area of Alaska and the subduction zone of South
America. These motions provided excitations with different frequency content
distributions as well as varied strong motion durations and amplitudes. Seismic motions
were designed and applied to the building to progressively increase the seismic demand
on the structure and NCSs in both the Bl and FB conditions. In addition, to compare the
response and behavior of the structure and NCSs, the early (target) motions in the
sequence of the Bl and FB testing phases were similar. One maximum considered
earthquake (MCE) motion and two serviceability level motions were obtained by
spectrally matching to the ASCE 7-05 design spectrum achieved for a high seismic zone
in Southern California (site class D). In addition a long duration motion from the 2007
Peru earthquake was selected and amplitude scaled (50, 100, and 140%, the later applied
only during the BI testing phase). It was desirable to minimize the peak inter-story drift
ratio (PIDR) to less than approximately 0.5% while the test specimen was isolated at its
base, to preserve the structure for the FB testing phase. The design event imposed during
the FB testing phase was intended to achieve approximately 2-2.5% PIDR and 0.8g peak
floor acceleration in the test structure. The achieved peak input acceleration range for the
FB earthquake motions ranged from about 0.2 to 0.8g, while the pseudo-spectral

acceleration at a period of 1 sec ranged from about 0.3 to 1.3g. To collect data on the

vii


http://bncs.ucsd.edu/index.html

earthquake performance of the structure, nonstructural components and systems, sensors
were installed to collect drift and acceleration data. Cameras were used to record visual
data relative to movement, cracking and related effects. Following each motion test,
damage to structural and nonstructural components and systems were photographed and
documented. Details on the seismic design of the test specimen, overall building layout,
installed systems and contents, the seismic test program, including earthquake motions,
sensors and instrumentation, and data from the motion tests, including for fire protection
systems, are available in Ebrahimian et al., (2013), Chen et al. (2013) and Pantoli et al.
(2013).

Following the motion tests, blower door fan tests were conducted in
compartments on the third floor, specifically to measure the effective leakage area which
developed as a result of the various ground motion tests. The aim was to collect data on
compartment integrity and motion-induced ventilation openings: factors which can have
significant impacts on building fire conditions. Then, following the last motion test, six
live fire tests were conducted within the earthquake-damaged specimen to evaluate
various aspects of the fire performance of earthquake-damaged buildings. This report
details the fire-related tests, including the blower door fan tests, live fire tests,
instrumentation plan, test plan, data collected and preliminary findings.

The primary focus of fire-related tests was the third floor, on which four
compartments were configured for testing: the Large Burn Room (LBR), the Small Burn
Room (SBR), the area around the Elevator Shaft (ES), and the Elevator Lobby (EL). The
LBR and SBR construction was Type-X gypsum board on steel studs with doors and
frames indicative of nominal 20-minute fire rated construction. Door closers and
magnetic door holders were installed. The ceiling consisted of Type-X gypsum board on
an Armstrong ceiling system, which could be configured for a nominal 60-minute fire
resistance rating. Floor/ceiling slabs were of unprotected reinforced concrete construction.
A balloon framing system was used for the exterior walls. The third floor was served by
an elevator and a full-size steel stair system, and was equipped with various nonstructural
components, including heating, ventilation and air-conditioning (HVAC) system
ductwork with fire dampers, a charged wet sprinkler system and smoke detectors.

Various firestops were installed within vertical and horizontal partitions, including
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around pipe penetration openings, floor, wall and ceiling joints. In addition, a roll-down

steel fire door was installed within the partition wall between the LBR and SBR.

During the period 23-25 May 2012, two fire tests per day were conducted on the
third floor: two in LBR, two in EL, and one each in SBR and ES. To control the fire size
and duration, the liquid Heptane was burned in steel pans. The fire tests ranged in size
from approximately 500kw to 2000kW, dependent on the compartment and ventilation
characteristics, number of pans and amount of Heptane used. A primary consideration
was to limit the potential for fire-induced structural failure. To collect temperature data
inside and outside of the fire test compartments, thermocouples were placed in various
locations depending on the objectives of each fire test. The primary focus areas were to
obtain data on the thermal environment within the fire compartment and adjacent spaces,
to assess fire and smoke spread between compartments as a result of seismic-induced
compartmentation failure, and to assess the performance of the fire protection systems
(firestop, dampers, sprinklers). Multiple video cameras were also installed throughout the
building to collect visual data on smoke or fire spread and activation of the fire protection
systems.

Although most of the data on the fire performance of the test specimen was
limited to systems and configurations on the third floor, and the live fire tests were
limited in number and scope, important data were collected and the following initial
observations are made.

General observations regarding earthquake performance of the specimen, which
could have an impact on fire performance of a building, include:

e Ceiling systems on Floor 1 showed progressive damage with increased ground
motion intensity. The potential fire performance concern is loss of compartment
integrity and spread of fire and smoke. (See Chen et al., 2013 and Pantoli et al., 2013
for more details on these items.)

e Contents indicative of residential and laboratory spaces on Floor 2, ranging from
small items such as books, vases and a television set, to larger items such as
bookshelves, storage shelves, and refrigeration units were displaced if not anchored.
The potential fire performance concern is that most of the unanchored items were

distributed on the floor, which would represent a distributed fuel load that is different
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that might be anticipated for a non-earthquake-damaged building. (See Chen et al.,
2013 and Pantoli et al., 2013 for more details on these items.)

Some of the magnetic door holders installed on Floor 3 experienced damage during
the motion tests. In one case, the magnetic bond was stronger than the fasteners used
to connect the strike plate to the door, ripping the strike plate off the door. The
potential fire performance concern here is that improperly operating doors might
impede occupant egress and firefighter access.

Some of the doors installed on Floor 3 were not functioning properly after the motion
tests. In some cases doors were not able to close completely because door frames
were distorted and locks were damaged. The potential fire performance concern here
is that smoke and fire could spread through a door, which was designed to be closed
during fire, hindering occupant egress and safety. In another instance, a door on Floor
3 was jammed closed during a ground motion tests, requiring tools to be used to pry
the door open. The potential fire performance concerns here are that occupants can be
hindered when trying to escape, placing them at risk, and the fire service can be
hindered when undertaking rescue and firefighting operations.

In various locations within the test specimen, including around the elevator shaft on
Floor 3 and within the stairwell on various levels, gypsum wallboard sections became
detached during motion tests. The potential fire concerns are loss of compartment
integrity and spread of fire and smoke, hindering occupants when trying to escape and
placing them at risk, and hindering the fire service when undertaking rescue and
firefighting operations. (See Chen et al., 2013 and Pantoli et al., 2013 for more details
on these items.)

Following the largest ground motions, the stair became detached from the stair
landing and handrails were broken at locations between Floors 2 and 4. The potential
fire performance concerns here are that occupants can be hindered when trying to
escape, placing them at risk, and the fire service can be hindered when undertaking
rescue and firefighting operations. (See Chen et al., 2013 and Pantoli et al., 2013 for
more details on these items.)

Following the largest ground motions, significant spalling occurred on various

concrete beam-column connections on the lower floor, resulting in exposed steel



rebars, degrading the structural load-bearing capacity and fire performance of the
connection and structural system. The potential fire performance concerns here are
that occupants can be hindered when trying to escape, placing them at risk, the fire
service can be hindered when undertaking rescue and firefighting operations, and the
building could be at risk of localized collapse or worse. (See Chen et al., 2013 and
Pantoli et al., 2013 for more details on these items.)

Following the largest ground motions, one intensive care unit breakout door was
detached from the door frame on Floor 4. Since the door provides a smoke barrier, the
potential fire performance concern here is that smoke could spread through the
opening, and occupants, who may be required to be protected in place, might be put at
risk. (See Chen et al., 2013 and Pantoli et al., 2013 for more details on these items.)
Following the largest ground motions, a rigid steel pipe, representative of a fuel gas
supply line, failed at a connection. Such a failure could lead to release of fuel gas in a
building, if other protective measures are not in place (e.g., shutoff valves).
Corrugated stainless steel tubing (CSST), also representative of a fuel gas supply line,
did not experience such a failure. (See Chen et al., 2013 and Pantoli et al., 2013 for
more details on these items.)

General observations regarding fire performance of the specimen, following the

live fire tests, which could have an impact on fire performance of a building, include:

The automatic sprinkler system functioned well during ground motion tests and
activated as expected during the fire tests on Floor 3.

All dynamic and truly static firestop systems installed on Floor 3 performed generally
well during the motion tests and to the fire tests except, in earthquake conditions,
some joints that would be static in normal operation were not static anymore and joint
seals applied on such joints became separated by the ground motion. The potential
fire performance concern is loss of compartment integrity and spread of fire and
smoke.

The roll-down steel fire door was intentionally not subjected to significant in-plane
drifts during the motion tests and resisted shaking perpendicular to the plane of the
door effectively (no damage, see Chen et al., 2013 and Pantoli et al., 2013 for more
details) and activated as expected during the fire tests.
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Smoke detectors activated as expected during the fire tests.

The fire dampers on Floor 3 performed generally well during the motion tests and fire
tests. Two fire dampers closed completely following each motion test. The third
damper’s blade rotation was prevented by a screw used for damper installation which,
once adjusted, allowed the damper to close completely following the motion tests.
The potential fire performance concern is lack of smoke control, allowing smoke to
spread from one compartment to another.

The non-rated flexible duct melted and ruptured during some of the fire tests. The
potential fire performance concern is lack of smoke control, allowing smoke to spread
from one compartment to another.

Significant gaps opened in several joint areas on Floor 3, as well as between steel
brackets and the balloon framing. The gap between the balloon framing and slab was
up to 10 cm (4 inches) in places (see Chen et al., 2013 and Pantoli et al., 2013 for
more details). The potential fire performance concern is loss of compartment integrity
and spread of fire and smoke. Smoke leakage was observed during the fire tests in
several locations.

The elevator was non-operable following the largest ground motion because the
elevator doors and frames became distorted on several floors, with openings as large
as 24 cm (9.4 inches) on the third floor. One potential fire performance concern is
loss of compartment integrity and spread of fire and smoke, in this case allowing for
vertical smoke (and fire) spread. The elevator shaft interior temperatures were greatly
increased as smoke and hot gases from the EL1 and EL 2 fires were entrained into the
shaft through the opening on Floor 3. An additional potential fire performance
concern is the loss of elevators for occupant egress and for fire department rescue and
suppression support operations.

A long vertical steel pipe went through thermal expansion under elevated
temperatures during one fire test and the pipe shifted the firestop material that was
applied on the vertical pipe penetration opening. The potential fire performance
concern is lack of intended smoke control, allowing smoke to spread from one

compartment to another.

xii



Depending on the test, flashover conditions were observed, even with relatively small
fuel loads. In some cases the ventilation conditions played a significant role.

Fuel gas distribution systems, if damaged due to seismic motion, could result in
additional fuel for post-earthquake fire, if not provided with additional safeguards
(e.g., shutoff valves).

Although it was not possible to test actual windows during these tests, window
openings were provided and tested in various conditions, including completely closed,
partially closed and fully open. In tests where the windows were fully opened, flame
extension was observed, smoke venting was observed, and the test fires were exposed
to wind-driven conditions, which affected the combustion rate, smoke spread and
flame angle direction during the fire tests. The potential fire performance concerns
here are that loss of windows could facilitate floor-to-floor fire spread, and that wind-
driven conditions resulting from loss of windows could result in much different fire
conditions that the building fire protection systems are designed for or the fire
department might expect. This would place occupants and the fire service at risk.

Again, although most of the data on the fire performance of the test specimen was

limited to systems and configurations on the third floor, and the live fire tests were

limited in number and scope, important data were collected and the following initial

observations are made. Since very few full-scale post-earthquake fire tests have been

conducted to date, more testing is warranted to investigate in more depth the above

situations, to assess the performance of other building constructions, contents and

configurations, and to fill the gap of knowledge on post-earthquake building fire

conditions. Some additional observations for future testing include the following:

e To better assess the potential for vertical fire spread and potential for and the
effects of wind-driven fires, a variety of exterior glazing systems and window
configurations should be tested.

e Post-earthquake fire experiments should be performed on a myriad of
construction types as the code requirements, construction material and style vary
across different regions. Test specimens utilizing lightweight steel construction,
lightweight engineered wood construction, steel framed construction and
combinations of construction (framing, interior and facde) systems should be
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tested. Multiple ceiling systems and components should be tested. Multiple
door/frame systems, closers and hold-open devices should be tested.

e To best mimic real life conditions, it is important to have fully operating building
and fire protection systems, including a fully functioning HVAC system.

e Measurements of the heat flux, flow velocity, temperature, pressure and visual
records of smoke and fire spread should be collected directly during the fire tests.
This will provide more data on building performance and can be helpful in
simulation or performance.

e Instead of a fuel pan, a gas burner system should be used which allows for
controlling the fire size and for measuring the HRR. This will allow more flexible
test schemes, and larger and longer fires, which can be stopped as needed if the
potential for structural damage exists.

e Any data acquisition, instrumentation and sensors should be powered separately
from that of the test building as building electrical wires are prone to melting
during the fire tests.

e Two sets of tests should be conducted on the same building conditions at the pre-
and post-earthquake damaged state. Where possible, laboratory pre- and post-
damage testing of representative configurations will help to yield additional data.

e Tests should be repeated under the same testing environment for a more reliable
set of test data.

e Tests should be repeated under a range of test environments (e.g., relative
humidity, temperature and wind speeds) for a broader data set.

Details on the fire test program and data collected, including component data
sheets, sensor and data acquisition details, and thermocouple data from each of the fire

tests are provided in the report.
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CHAPTER 1 INTRODUCTION

1 INTRODUCTION

Earthquakes have the potential to cause significant damage to building structural and
nonstructural systems. Once damaged, buildings become highly susceptible to post-
earthquake fire. Although considerable research has been undertaken with respect to the
performance of structural systems, research aimed at understanding and quantifying the
performance of nonstructural systems and post-earthquake fire performance of buildings
has been severely lacking. To begin addressing this crucial gap in knowledge, an
academe-industry collaborative was formed to conduct the project Full-Scale Structural
and Nonstructural Building System Performance during Earthquakes & Post-Earthquake
Fire, a $5 Million effort referred to as the building nonstructural components and systems
(BNCS) project (http://bncs.ucsd.edu/index.html). The project is overviewed in
Hutchinson et al. (2013).

To facilitate the BNCS project, a 6.6m by 11m (21.5’ by 36°), 5-story, reinforced

concrete frame test specimen, representative of a full-scale building, was erected on the
nation’s largest outdoor shake table at the Englekirk Structural Engineering Center at the
University of California, San Diego. The test specimen was equipped with various
nonstructural components such as a fully functioning elevator, various ceiling systems,
interior partition walls with doors, heating, ventilation and air-conditioning (HVAC)
system components, and active and passive fire protection systems. The test specimen
was also outfitted with various occupancy-specific contents, including two floors of
medical facility components (Floors 4 and 5), computer servers (Floor 3), and residential
and commercial storage components (Floor 2). The building design, construction,
contents and layouts are detailed in Chen et al. (2013). To collect data on the earthquake
performance of the structure, nonstructural components and systems, sensors were
installed to collect drift and acceleration data. Cameras were used to record visual data
relative to movement, cracking and related effects.

The test specimen was subjected to a total of 13 motion tests, seven with base
isolation and six with a fixed base configuration. Seismic motions were selected from
earthquake events occurring off the coast of California, in the central area of Alaska and

the subduction zone of South America. These motions provided excitations with different
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frequency content distributions as well as varied strong motion durations and amplitudes.
Seismic motions were designed and applied to the building to progressively increase the
seismic demand on the structure and NCSs in both the Bl and FB conditions. In addition,
to compare the response and behavior of the structure and NCSs, the early (target)
motions in the sequence of the Bl and FB testing phases were similar. One maximum
considered earthquake (MCE) motion and two serviceability level motions were obtained
by spectrally matching to the ASCE 7-05 design spectrum achieved for a high seismic
zone in Southern California (site class D). In addition a long duration motion from the
2007 Peru earthquake was selected and amplitude scaled (50, 100, and 140%, the later
applied only during the BI testing phase). It was desirable to minimize the peak inter-
story drift ratio (PIDR) to less than approximately 0.5% while the test specimen was
isolated at its base, to preserve the structure for the FB testing phase. The design event
imposed during the FB testing phase was intended to achieve approximately 2-2.5%
PIDR and 0.8g peak floor acceleration in the test structure. The achieved peak input
acceleration range for the FB earthquake motions ranged from about 0.2 to 0.8g, while
the pseudo-spectral acceleration at a period of 1 sec ranged from about 0.3 to 1.3g.
Details regarding the shake table, earthquake histories, test motions, and motion-related
data collection, observations and preliminary outcomes are provided in Chen et al. (2013),
Pantoli et al. (2013) and (Ebrahimian et al., 2013).

After the final ground motion test, six in-situ heptane pan fire tests were
conducted in four different compartments of the third floor. Heptane was used as the fuel
source and limited in amount to maintain the burning duration to less than 15 minutes.
Fires ranged in in size from approximately 500kw to 2000kW, dependent on
compartment configuration, ventilation and test objectives. The fire size and duration of
each test was limited as a precautionary measure to prevent structural damage under
elevated temperatures. To collect fire performance data, thermocouples were placed in
various locations depending on the objectives of each fire test, with the main focus areas
being thermal environment in fire compartment, and fire and smoke spread between
compartments as a result of seismic-induced compartmentation failure or diminished
functionality of the fire protection systems. Multiple video cameras were installed

throughout the building to collect visual data on smoke or fire spread and activation of
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the fire protection systems. Smoke detectors were also installed to help track smoke
spread throughout the building.

This report details those aspects of the BNCS project related to the fire
performance testing, including details of the third floor fire test compartments, post-
motion test state of the third floor systems, including outcomes of the blower door fan
tests, fire test plan and fire test data. Preliminary observations, planned analyses, and
future research recommendations are presented. Details on the seismic design of the test
specimen, overall building layout, installed systems and contents, the seismic test
program, including earthquake motions, sensors and instrumentation, and data from the
motion tests, including on fire protection systems, are available in Chen et al. (2013),
Ebrahimian et al., (2013) and Pantoli et al. (2013; 2013a).
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2 BACKGROUND

21 MOTIVATION FOR POST-EARTHQUAKE FIRE PERFORMANCE
TESTS

Earthquakes have the potential to damage structural and non-structural elements,
including fire protection systems, and to induce multiple ignitions. The fact that the two
largest peace-time urban conflagrations in history have been fires following earthquakes
— 1906 San Francisco and 1923 Tokyo, the latter resulting in the great majority of the
140,000 fatalities only substantiates how destructive post-earthquake fires can be (Usami,
2006). More recently, investigation from the 1995 Kobe earthquake, which lasted 20-
seconds and measured 6.8 on the Richter Scale, induced 148 separate fires destroying
6,513 buildings over a total land area of 624,671 m2 (0.24 sq mi) (NFPA, 1996), shown
in Figure 2.1, revealed less than desirable fire protection systems performance (Sekizawa
et al, 2003).

Figure 2.1. Post-earthquake fire from 1995 Kobe earthquake

Risk of fire in a building is greater than normal following an earthquake (Collier,
2005). Ignitions have occurred during and after earthquakes due to motion-induced
damage to a wide range of systems and equipment, including utilities (e.g., gas and
electrical systems), building equipment (e.g., boilers or furnaces) and contents (e.g.,

electrical appliances and chemicals and other hazardous materials) (Zolfaghari, 2009). In
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addition to increasing the risk of ignition, earthquake motions can lead to increased
and/or redistributed fuel load, including release of flammable gasses and liquids if not
adequately anchored to stored, or uncontained or broadly distributed combustible
materials as a result of items shifting and falling. Such changes to fuel load and
distribution can result in potentially unanticipated burning characteristics and larger fires
due to increased fuel loading over a larger floor area.

It is also known that earthquakes can leave a building less air-tight than normal
due to a wide range of damage conditions, such as windows breakage, facde failures and
door failures, resulting in potentially unanticipated ventilation conditions (i.e., ample
oxygen supply for the fire) which can have a bearing on fire growth and spread (e.g.,
fuel-controlled fire, openings in compartment barriers resulting in smoke and flame
spread beyond the room of origin, etc.). For example, investigation following the 1995
Kobe earthquake found that damage to passive and active fire protection systems can
adversely affect the fire spread rate beyond the room of origin and evacuation of the
occupants (Sekizawa et al, 2003). Similarly, experimental results have shown that
earthquakes can severely damage the integrity of fire resistant walls, significantly
downgrading the expected fire resistance rating (Collier, 2005).

In summary, while fire protection standards for buildings in earthquake prone areas
have advanced in recent times, building and fire safety performance has not been well-
studied and post-earthquake fires remains a serious threat to life safety, property
protection and mission continuity. Given the lack of systematic testing of post-earthquake
fire performance, and considering the increased chances of ignition and fire spread
following earthquakes, this experimental study was designed to better understand the
building fire conditions following damage caused by earthquakes.
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2.2 EXPERIMENTAL FACILITIES

Full scale experiments on post-earthquake fires have rarely been executed to date, and in
that, the BNCS project was truly unique. To exhibit real life conditions, a 22.9m (75”) 5-
story cast-in-place concrete building, designed assuming it was located in a high seismic
zone in Southern California, was erected on the nation’s largest outdoor shake table at the
Englekirk Structural Engineering Center at the University of California, San Diego. The
large high performance outdoor shake table (LHPOST), shown in Figure 2.2, is 7.6m by
12.2m, with the unloaded shake table able to reach peak acceleration of 4.2g and a peak
velocity of 1.8m/s. The LHPOST is capable of accurately reproducing near-fault ground

motion effects controlled by the peak table velocity parameter.

Figure 2.2. UCSD NEES shake table
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2.3 BUILDING DESIGN

Each floor of the BNCS building, shown in Figure 2.3, had a plan dimension of 6.6m by
11m (21.5° by 36°), 0.2m (8”) cast-in-place slabs, floor to floor height of 4.3m (14°),
deck to deck height of 4m (13’) and a ceiling height of 2.8m (9.2°). The building was
designed to withstand up to 2.5% lateral inter-story drift ratio at a maximum peak floor

acceleration of around 0.7g to 0.8g. See Chen et al. (2013) for details.

Figure 2.3. BNCS building

Equipped with moment resisting frames on the longitudinal sides of the building,
the moment resisting beams had the same design capacities although each floor varied in
detail. High strength steel frame beams with design strength of 120 ksi was used for both
floors 2 and 3. Upturned hybrid frame beam with four post-tensioned tendons and ductile
rod connectors, ductile connector frame beam with rod connectors, and concrete frame
beam was used for floors 4, 5 and the roof respectively. 18” %26 prefabricated hoop and

transverse reinforced concrete columns with compressing strength of 5000 psi was used.
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Walls of the first three floors were constructed by a balloon framing with vertical
metal studs, gypsum boards and exterior insulation finishing system (EIFS). Except for
locations hindered by openings such as doors and windows, the metal studs extended
12.6 m (41.3’) high until the bottom of the fourth floor slab. Structural track was used to
connect the stud framing to the structure with the bottom of the track being attached to
the foundation using two shot pins. For the second and third floors, slabs contained
outrigger clips with slotted holes to connect between each stud with the clips being
connected to the concrete with embed power driven fasteners. For the fourth floor, metal
studs were connected by slide clips on steel angle that was welded to the bottom of the
slab with steel embeds. The gypsum boards were connected to the metal stud framing
with #10 screws spaced 8” o.c.. Internal gypsum boards were fire-rated gypsum X panels
5/8” thick. The EIFS made of a continuous waterproof barrier was applied on the gypsum
boards.

Two precast concrete cladding panels were installed on each side of the building
for floors 4 and 5. Embeds were installed in the concrete slabs, beams and columns to
connect the cladding panels. Figure 2.4 shows a concrete panel being installed on the 4™

floor during the construction phase.
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A prefabricated stair assembly, shown in Figure 2.5 was installed at each floor of
the building. Each floor consisted of lower and upper flights and an intermediate landing.
The tread was 7” rise and 11” run with 12 treads completing one flight. The tread plates
were fillet welded to the ASTM A36 plate stringers. Checker plate was supported by steel
joists in the landings that were supported by ASTM A36 HSS landing posts. Fillet welds
and T.C. bolts were used to connect the stair flight to the concrete slab and stair flight to

landing respectively.

Figure 2.5. Stair assembly

A fully functioning elevator with 17.1m (56°) travel height at all floors was
installed in the 2.64m by 2.1m (8.7’ by 6.9°) elevator hoistway as shown in Figure 2.6.
The elevator components consisted of the cab, counterweight, guide rails and brackets,
pit equipment and machine drive. In the cab, with dimensions of 1.92m by 1.7m by
2.36m (6°-9 3/8” by 5°-6 7/8” by 7°-9”), extra weight equivalent to 40% of the full cab
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capacity of 160kg (35001bs) was placed throughout the entire seismic tests. The opening
of the cab door was 2.1m by 1.1m (7’ by 3.5°).

Figure 2.6. Elevator shaft and door

To test a range of ceiling systems, multiple ceiling systems were installed per
floor. The first floor ceiling systems were designed with Seismic design Category A (no
seismic provisions, representative of the “typical East Coast” ceiling design system) and
Seismic design Category C in the southwest and northeast room areas respectively.
Design Category A ceiling was attached to the wall molding while design Category C
ceiling was a free-floating system.

The second floor ceiling systems were designed with Seismic design Category D,
E and F systems. The southwest system was an attached system, fully code compliant,
with lateral bracing whereas the northeast system was a floating ceiling system designed
per the Seismic Rx recommendations, with lateral bracing.

Drywall grid systems were tested on Floor 3, with the plan shown in Figure 2.7.
The northeast ceiling suspension was allowed to move with clearances on the wide wall
moldings above the drywall and lateral bracing with splay wires and compression posts.
The southwest grid system and drywall of the ceiling system was tied of the structural
walls or partitions being installed as a diaphragm. This allows for the seismic forces to
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move through the suspension system and ceiling membrane to dissipate through the wall
systems. A finished ceiling system of the northeast room space is shown in Figure 2.8.
Floors 4 and 5 ceiling systems were designed to support large loads with a lot of
interact with some of the medical equipment, loaded in the room areas, suspended from
the ceiling. A drywall ceiling system was installed on Floor 5, only on the southwest
room area. The penthouse over the top of the stairwell in the roof was utilized to install

and test a hospital corridor ceiling system.

LATERAL BRACING
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Figure 2.7. Floor 3 ceiling system
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Figure 2.8. Floor 3 finished ceiling system with vents and access panel

A partial HVAC system was installed in Floor 3, with the design of the ductwork
shown in Figure 2.9. The HVAC ducts are connected vertically to the ducts installed on
the fourth floor slab in front of the elevator door. The supply and return runs were located
above the plenum space in the elevator lobby. Although there was no fan, different parts
were assembled together to form a comprehensive HVAC subsystem. The connections
between the parts of the ducts were firestopped with fire caulk. The HVAC ducts running
through the elevator shaft corridor and stairway landing were exposed as those spaces did
not consist of any ceiling systems. A portion of the actual HVAC system is shown in
Figure 2.10.

12
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i\

Figure 2.9. HVAC layout

Figure 2.10. Part of the actual HVAC system
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2.4 BUILDING CONTENTS

The first floor of the building had electrical conduit and some medical equipment. Access
inside the building was allowed through this floor by going up the ladder on either the
north or south sides of the building as shown in Figure 2.11.

Figure 2.11. Building entrance on the 1* floor

The second floor consisted of spaces which mimicked a living room and a
chemical laboratory space. The living room space included TV sets, kitchen table with
glasses and plates, computers and shelves, and the laboratory space included equipment,

shelving and storage units. Figure 2.12 shows the living room space setup on the 2" floor.

Figure 2.12. Floor 2 living room setup
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The third floor included computer servers and empty room spaces. All fire tests
were conducted on the third floor, and more detail about the floor is provided in Section 3.
Figure 2.13 shows the server setup.

Figure 2.13. Floor 3 server room

The fourth floor was set up as a hospital intensive-care unit (ICU) with patient

beds, breakout doors and medical equipment. Figure 2.14 shows the intensive-care unit.
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Figure 2.14. Floor 4 ICU patient beds

The fifth floor was set up as a hospital operating room with patient beds, breakout

doors and medical equipment. Figure 2.15 shows the surgical suite setup.

Figure 2.15. Floor 5 surgical suite

A cooling tower was installed on the roof and various pipe systems ran vertically

through the building. Figure 2.16 shows the cooling tower.
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45320

Figure 2.16. Cooling tower in the roof

2.5 TESTING OVERVIEW

A total of 13 seismic tests were conducted from April 16, 2012 to May 15, 2012. The
tests were run in two configurations; 7 motions for the base isolation configuration and 6
motions in the fixed base configuration. The base isolators, shown in Figure 2.17, were

removed to set up the fixed base configuration.

Figure 2.17. Base isolators

The seismic demand on the building was increased with each test motion. The seismic
test motions were based on 6 actual earthquake ground motions, ranging in intensity from

6.7 on the Richer Scale, representative of motions from the 1994 Northridge earthquake,
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to 7.9 on the Richter Scale, representative of motions from the 2002 Denali earthquake.
The seismic motions for the base isolation configuration and fixed based configuration

are shown in Table 2.1 and Table 2.2 respectively.

Table 2.1. Base isolation configuration seismic test motions

Date Name Seismic Motion Richter Scale
Canoga Park 1994 Northridge
_ BI-1: CNP 100% 6.7
April 16, Earthquake (@100%)
2012 LA City Terrace 1994 Northridge
BI-2: LAC 100% 6.7
Earthquake (@100%)
LA City Terrace 1994 Northridge
_ BI-3: LAC 100% 6.7
April 17, Earthquake (@100%)
2012 San Pedro 2010 Maule (Chile)
Bl-4: SP 100% 8.8
Earthquake (@100%)
April 26, 2007 Pisco (Peru) Earthquake
BI-5: ICA 50% 8.0
2012 (@50%)
2007 Pisco (Peru) Earthquake
BI-6: ICA 100% 8.0
. (@100%)
April 27, .
2007 Pisco (Peru) Earthquake
2012 BI-6 ICA 140% 8.0
(@140%)
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Table 2.2. Fixed base configuration seismic test motions

Date Name Seismic Motion Richter Scale
May 7, Canoga Park 1994 Northridge
FB-1: CNP 100% 6.7
2012 Earthquake (@100%)
LA City Terrace 1994 Northridge
FB-2: LAC 100% 6.7
May 9, Earthquake (@100%)
2012 2007 Pisco (Peru) Earthquake
FB-3: ICA 50% 8.0
(@50%)
May 11, 2007 Pisco (Peru) Earthquake
FB-4: ICA 100% 8.0
2012 (@100%)
TAPS Pump Station #9 2002
FB-5: DEN 67% ] 7.9
May 15, Denali Earthquake (@67%)
2012 TAPS Pump Station #9 2002
FB-6: DEN 100% ) 7.9
Denali Earthquake (@100%)

The conditions of both structural and nonstructural components were documented
prior to and following all earthquake motion tests so that any visible changes, such as
cracking, displacement of any components, etc. could be recognized following the
earthquake motion tests. In particular, visual checkups were primarily focused on
components that could affect building fire conditions such as displacement of
combustible items or fuels, damage to doors, stairs and elevator that could hinder egress,
formation of openings or leaks that could affect the compartment integrity. Besides the
visual inspection of compartmentation, a blower dower fan test was conducted in the
room spaces of the third floor to quantify the leakage area.

After the completion of all earthquake motion tests, a series of six fire tests were
conducted on the third floor (servers were taken out of the building for the fire tests) with
the building in the damage state. These fire tests consisted of heptane pan fires ranging in
size (heat release rate, HRR) from approximately 500kW to 2000kW. Since the HRR of
the pool fire could not be directly measured at the BNCS test site, the HRR of a
representative fire was pre-measured in the fire laboratory at WPI. While re-radiation

from the flame, walls and gas layer influence the mass burning rate, approximate
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amounts of initial fuel were calculated for specific test HRR and burning durations.
Thermocouples were installed to obtain gas and surface temperatures at various locations
to check for compartment integrity and functionality of fire systems, as well as to provide
data for future simulations. Cameras were installed at multiple locations to capture the
live fire tests, activation of fire systems and smoke spread.

The following chapters provide details regarding the compartments on Floor 3 (floor
of fire testing), data which were collected, and preliminary analysis and findings of the
performance of active and passive fire protection systems. Issues related to the building
fire conditions and performance will be discussed and preliminary recommendations for
fire protection engineers tasked with the job of performing fire protection analysis for

earthquake-prone buildings will be outlined.

20



CHAPTER 3 DETAILS OF FIRE TEST FLOOR (THIRD FLOOR)

3 DETAILS OF FIRE TEST FLOOR (THIRD FLOOR)

3.1 OVERVIEW OF FLOOR 3

All six live fire tests were conducted on the third floor. Tests were conducted in four
different locations, designated as the Large Burn Room (LBR), Small Burn Room (SBR),
area behind the Elevator Shaft (ES) and the Elevator Lobby (EL). Figure 3.1 shows these

spaces.

n Elevator Shaft ‘ E I- o -

Large Burn

FTFIFa= FrrT T =

2 ) RN )

= RN I

e N T A I

Elevator Lobby c R f
(EL) 3 UP oo |

E' [ T T | |I

i LLLLl __

L3
.,.- .

Figure 3.1. Top view of 3rd floor
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The third floor was also outfit with a partial HVAC system, an elevator and a stairway.

Figure 3.2 shows the location of the HVAC ductwork and vents.

| l LBR NV

EL SW}’ & ELSEV _

[

Figure 3.2. Floor 3 vent locations

Photographs of the elevator door in the lobby, Floor 3 stair landing, LBR and SBR areas
separated by the partition wall, and EL corridor area are shown in Figure 3.3, Figure 3.4,

Figure 3.5 and Figure 3.6 respectively.

Figure 3.3. Elevator door and lobby of Floor 3
22



CHAPTER 3 DETAILS OF FIRE TEST FLOOR (THIRD FLOOR)

Figure 3.4. Stair and stair landing of Floor 3

H”V

i

Figure 3.5. LBR and SBR area
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Figure 3.6. EL corridor area
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3.2 FIREPROTECTION SYSTEMS
3.2.1 Automatic Fire Sprinkler System

All five floors of the BNCS building were protected with a wet-type automatic fire
sprinkler system (sprinkler system) which was designed by Ken Wagoner of Parsley
Consulting. The intent was to provide, within the limitations of the test specimen, a fully
operational sprinkler system designed in accordance with recognized codes and standards
(e.g., California Building Code (CBC), National Fire Protection Association (NFPA)
Standards, etc.) and utilizing appropriately listed and approved product (e.g.,
Underwriters Laboratories, Inc. or FMGlobal listings or approvals). The intent was also
to have a ‘charged’ system (water in the pipes) to have realistic loading. The aim was to
obtain seismic performance and fire performance data.

Because of the nature of the tests and test facility (LHPOST), steps were taken to
limit the total amount of water in the system during testing so as to minimize any
potential damage to the shake table, instrumentation and data acquisition systems and to
limit water run off on the site should any system component rupture or become damaged
during the seismic tests. During testing, each floor was charged with 57 liters (15 gallons)
of water, for a system total of 284 liters (75 gallons). The hose valve of the sprinkler
system was disconnected from the water supply after the system was charged.

Risers and control valves were installed on the west wall of the elevator shaft for
each floor. All sprinkler pipes were installed 30cm (12”) below the deck of the floor
above and exposed in areas with no ceiling. There were variances in the sprinkler pipe
design layout and sprinkler system components per floor to test performance of the
various systems under seismic loads and to comply with different occupancies mimicked
in the experimental building. The variances in components included different types of
pipe materials, drops, bracings and sprinkler heads. Also, after the sprinkler system was
installed, additional sand weights were attached on pipes in various locations of the
building to test how pipes with larger diameters, and thus increased loads, would have

performed under seismic motions. Details are provided below.

25



CHAPTER 3 DETAILS OF FIRE TEST FLOOR (THIRD FLOOR)

3.2.1.1 Floor 1 Sprinkler System

For the first floor, steel Schedule 10, 3.8cm (1 '4”) pipe was used as the main line pipe
material with grooved fittings while steel Schedule 40, 2.5cm (1) pipe was used as the
branch line material with threaded cast iron fittings. A total of seven sprinkler heads were
installed throughout the floor with four of them being quick response pendent sprinklers
and three of them being quick response upright sprinkler head. Both sprinkler head types
had a 1.3cm (2”) orifice and a K-factor of 5.6. The activation temperatures were 68C
(155F) and 79C (175F) for quick response pendent and quick response upright
respectively. The sprinkler head specifications and sprinkler system layout plan for Floor

1 is shown in Figure 3.7.

SYMBOLS SPRINKLERS
WARE & WODEL_ORIF|GE F=FACTOR 121 FRGH_ CANOPT 07T,
® Quick Response Pendent yeo TYS2ST [ 172 o6 [To0" [WHITE [WHITET 4
@ Quick Response Upright yeo TYATAT [ 1/ [ 56 [1757 [BEASS [NOME| 3

TOTAL HEADS THIS SHEET /

ranch line ﬁlp: dand dll armovers
to be 17 Schedule 40, with threaded
cast iron fittings

Riser and control vadve;
see detail, sheet X

B -

r —Llown to sprinker under
/ first stair landing,

/ provide quard for
sprinkler

Main to be 15" Schedule 1D—/

pipe with grooved fittings
and welded threaded
ouflets

ipe 12 helow
cancr e deck

Figure 3.7. Floor 1 sprinkler system design layout and specifications
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As noted above, since realistic pipe loading was desired, additional sand weights
were added in some locations. The orange cylinders in Figure 3.7 indicate the locations
where additional sand weight was attached on the sprinkler pipe. The red circle indicates
the specific sprinkler head where a seismic drop was installed. For the rest of the
sprinkler heads, rigid drops were installed. The blue triangles in Figure 3.7 indicate
locations where seismic bracing was applied on the sprinkler pipes on the first floor.
Seismic bracing consisted of Mason Industries’ Seismic Solid Brace Strut Anchor (SSBS)
12 with 1.3cm (1/2”) Hilti KB-TZ anchor bolts with an assembly rating of 5.6 kN (1250
Ibs) in capacity, as is described in detail in Chen et al. (2013).

Figure 3.8 shows the riser, drain pipe and control assembly of the first floor,
which was located on the west side of the elevator shaft as indicated in Figure 3.7. The
control assembly consisted of test and drain valves, a pressure gauge and a waterflow
switch. The riser and drain pipes both had seismic bracing installed on the west wall of
the shaft. The sprinkler system was charged with about 221kPa (32 psi) of pressure as
shown on the pressure gauge. The detailed specifications of the control assembly are
shown in Figure 3.9.
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Figure 3.8. Floor 1 control assembly
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Figure 3.9. Floor 1 control assembly detailed drawing (looking north)
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Two Mason Industries” SSBS-12’s were applied on the first floor main feed pipe
as shown in Figure 3.10. The braces were installed against the west wall of the elevator

shaft. This was the only place a seismic brace was used on the first floor.

Figure 3.10. Seismic bracing on Floor 1 main feed

Three sand weights were attached to the first floor branch line pipe that ran
through the elevator lobby area as shown in Figure 3.11. All weights were attached on the
same east-west direction in this area. The location of these sand weights can be seen on

Figure 3.7.

Figure 3.11. Sand weight on Floor 1 sprinkler pipe in the EL area
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Two sand weights were also applied on the first floor sprinkler pipe in the room
area as shown in Figure 3.12. One weight was applied on the east-west direction while
the other was applied on the north-south direction. The location of these sand weight
locations can be seen on Figure 3.7.

Figure 3.12. Sand weight on Floor 1 sprinkler pipe in the room area

A flexible drop was installed on 1A sprinkler head in the EL area as shown in
Figure 3.13. The location of this sprinkler head can be seen on Figure 3.7. All other
sprinkler heads were non-flexible drops.

Figure 3.13. Flexible drop on Floor 1 EL sprinkler head
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3.2.1.2 Floor 2 Sprinkler System

For the second floor, CPVC piping was used throughout. Pipes of 3.8cm (1 '4”) and
2.5cm (1”) diameter were used for the main line and branch lines respectively, with
solvent weld fittings. Two quick response pendent sprinkler heads, two quick response
upright sprinkler heads and two residential concealed pendent sprinkler heads were
installed. Both the quick response pendent and upright sprinkler heads had a 1.3cm ('%”)
orifice and a K-factor of 5.6. The residential concealed pendent sprinkler heads had a
1.1cm (7/16”) orifice and a K-factor of 4.9. The activation temperatures were 68C (155F)
for quick response pendent, 79C (175F) for quick response upright and 71C (160F) for

residential concealed pendent. The sprinkler head specifications and sprinkler system

layout plan for Floor 1 is shown in Figure 3.14.

SYMBOLS SPRINKLERS
MAKE & MODEL ORIFICE K=FACTOR  TEMP  FINISH — CANOPY TY
@ (uick Response Pendent veo 10750 1_-’,{ h.e [155 WHITE T WHITE Z
@ (uick Responss Upright YCO TY 3151 1_,“"/_"' Do [ 1757 | HRASS [NONE Z
@ Residential Concealed Pendent YCO Ty7524 [ 7/16 8 [1el FASS |WHITEL 2
TOTAL HEADS THIS SHEET 6
E';E"
?T:: Living Raom
Rizer and control valve; i Bedrozm
see detall, sheet XX H
] 2C 2D
E?T ﬁL 17z I'_ .

Branch and main piEi_n
this floor o be CHVC
with solvent weld fittings

OL of pipe 127 below
uuhtr!:?upd!:tk

=]
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Figure 3.14. Floor 2 sprinkler system design layout and specifications

32




CHAPTER 3 DETAILS OF FIRE TEST FLOOR (THIRD FLOOR)

The blue triangles in Figure 3.14 indicate locations where Mason Industries’
SSBS-12’s with 1.3cm (1/2”) Hilti KB-TZ anchor bolts with an assembly rating of 5.6
kN (1250 Ibs) in capacity, were applied on the sprinkler pipes on the second floor. There
were no added sand weights on the pipe or any flexible drops on Floor 2.

Figure 3.15 shows the riser, drain pipe and control assembly of the second floor,
located on the west side of the elevator shaft as indicated in Figure 3.14. The control
assembly components consisted of test and drain valves and a pressure gauge. The
sprinkler system was charged with about 221kPa (32 psi) of pressure as shown on the
pressure gauge. The detailed specifications of the control assembly are shown below in
Figure 3.16.

Figure 3.15. Floor 2 control assembly
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Figure 3.16. Floors 2, 3 and 4 control assembly detailed drawing (looking north)

The drain pipe and riser on the fourth floor had clamps near the slab penetrations
as shown in Figure 3.17. The clamps were installed above the penetration of the second

floor slab.

Figure 3.17. Clamps on bottom of Floor 2 drain pipe and riser
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Two Mason Industries’ SSBS-12’s were applied on top of the second floor main
feed pipe as shown in Figure 3.18. The braces were installed against the west wall of the

elevator shaft.

Figure 3.18. Seismic bracing on Floor 2 main feed

A seismic brace was also installed on the second floor sprinkler branch line in the
EL area as shown in Figure 3.19. The brace was installed against the third floor slab. The
location of the bracing can be seen on Figure 3.14.

Figure 3.19. Seismic bracing on Floor 2 EL area sprinkler pipe
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3.2.1.3 Floor 3 Sprinkler System

On the third floor, steel Schedule 10, 3.8cm (1 %”) pipe with grooved fittings was used
for the main line while steel Schedule 40, 2.5cm (1”) pipe with threaded cast iron fittings
was used for the branch lines. A total of seven sprinkler heads were installed throughout
the floor with four quick response pendent sprinkler heads and three quick response
upright sprinkler heads. Both sprinkler head types had a 1.3cm ('4”) orifice and a K-
factor of 5.6. The activation temperatures were 68C (155F) and 79C (175F) for quick
response pendent and quick response upright respectively. The sprinkler head

specifications and sprinkler system layout plan for Floor 1 is shown below in Figure 3.20.

SYMBOLS SPRINKLERS
WA Kt & MJLLL OF!|F|CE|‘( FA TC*: TEYF — FINISH ur‘:*-N'-'PT QTY
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—Branch line piping to be 1" Schedule 40,
?,.-" with threaded cost iron fittings

All {;rnrund couplings to be
r@ wﬂ mk%rwmdcmwm%

!| e Lurqe Burn
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. ., -~
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Figure 3.20. Floor 3 sprinkler system design layout and specifications
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The red circles in Figure 3.20 indicate the specific sprinkler head where a flexible
drop was installed for the third floor. For the rest of the sprinkler heads, rigid drops were
installed. The blue triangles in Figure 3.20 indicate locations where Mason Industries’
SSBS-12’s with 1.3cm (1/2”) Hilti KB-TZ anchor bolts with an assembly rating of 5.6
kN (1250 Ibs) in capacity, were applied on the sprinkler pipes on Floor 3.

Figure 3.21 shows the riser, drain pipe and control assembly for the third floor,
located on the west side of the elevator shaft as indicated in Figure 3.20. The control
assembly components consisted of test and drain valves and a pressure gauge. The
sprinkler system was charged with about 172kPa (25psi) of pressure as shown on the
pressure gauge in Figure 3.21. The detailed specifications of the control assembly can be

seen in Figure 3.16.

Figure 3.21. Floor 3 control assembly
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The drain pipe and riser on the fourth floor had clamps near the slab penetrations

as shown in Figure 3.22. The clamps were installed above the penetration firestop.

Figure 3.22. Clamps on bottom of Floor 3 drain pipe and riser

Two Mason Industries” SSBS-12’s were applied on top of the third floor main
feed pipe as shown in Figure 3.23. The braces were installed against the west wall of the

elevator shaft.

Figure 3.23. Seismic bracing on Floor 3 main feed
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A seismic brace was also installed on the third floor sprinkler branch line in the
EL area as shown in Figure 3.24. The brace was installed against the third floor slab. The

location of the bracing can be seen on Figure 3.20.

Figure 3.24. Seismic bracing on Floor 3 EL area sprinkler pipe

A flexible drop was installed on the 3A sprinkler head in the EL area as shown in
Figure 3.25. The location of this sprinkler head can be seen on Figure 3.20. The eastern
sprinkler head in the EL also had a flexible drop.

Figure 3.25. Flexible drop on Floor 3 EL 3A sprinkler head
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A flexible drop was installed on the 3C sprinkler head in the LBR area as shown
in Figure 3.26. The location of this sprinkler head can be seen on Figure 3.20. The
sprinkler head 3D in the SBR area also had a flexible drop. All other sprinkler heads had
rigid drops.

Figure 3.26. Flexible drop on Floor 3 3C LBR sprinkler head
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3.2.1.4 Floor 4 Sprinkler System

For the fourth floor, steel Schedule 10, 3.8cm (1 '4”) pipe with grooved fittings was used
for the main line while steel Schedule 40, 2.5cm (1”) pipe with threaded cast iron fittings
was used for the branch lines. A total of six sprinkler heads were installed throughout the
floor, with three quick response pendent sprinkler heads and three quick response upright
sprinkler heads. Both sprinkler head types had a 1.3cm (!4”) orifice and a K-factor of 5.6.
The activation temperatures were 68C (155F) and 79C (175F) for quick response pendent
and quick response upright respectively. The sprinkler head specifications and sprinkler

system layout plan for Floor 4 is shown in Figure 3.27.

21ME0LS WAFE & WOUEL CRIFICE _FML%E'-:'|%|5E'1?JHNNH TERTEY 071
® Quick Response Pendent yeo [¥a2al | 1/27 | 56 [100° [WHITE [WHITE] 5
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TOTAL HEADS THIS SHEET &
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cast iron fittings
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Infensive Care Unit

Riser and control valve; of
see detail, sheet XX \
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and welded threaded . L {:pe 12" below
outlets : concrete deck
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Figure 3.27. Floor 4 sprinkler system design layout and specifications
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The orange cylinders in Figure 3.27 indicate the locations where additional sand
weight was attached on the fourth floor sprinkler pipe. The red circles indicate the
specific sprinkler head where a flexible drop was installed. The blue triangles indicate
locations where Mason Industries’ SSBS-12 with 1.3cm (1/2”) Hilti KB-TZ anchor bolts
with an assembly rating of 5.6 kKN (1250 Ibs) in capacity, was applied on the sprinkler
pipes on Floor 4.

Figure 3.28 shows the riser, drain pipe and control assembly of the fourth floor,
located on the west side of the elevator shaft as indicated in Figure 3.27. The control
assembly components consisted of test and drain valves and a pressure gauge. The
sprinkler system was charged with about 110kPa (16 psi) of pressure as shown on the
pressure gauge. The detailed specifications of the control assembly can be seen in Figure
3.16.

Figure 3.28. Floor 4 control assembly
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The drain pipe and riser on the fourth floor had clamps near the slab penetrations
as shown in Figure 3.29. The clamps were installed above the penetration firestop.

Figure 3.29. Clamps on bottom of Floor 4 drain pipe and riser

Two Mason Industries” SSBS-12’s were applied on top of the fourth floor main
feed pipe as shown in Figure 3.30. The braces were installed against the west wall of the

elevator shaft.

Figure 3.30. Seismic bracing on Floor 4 main feed
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A Mason Industries’ SSBS-12 was also installed on the fourth floor sprinkler
branch line pipe in the EL area as shown in Figure 3.31. The brace was installed against

the fifth floor slab. The location of the bracing can be seen on Figure 3.27.

Figure 3.31. Seismic bracing and sand weight on Floor 4 sprinkler pipe in the

eastern room area

Two sand weights were attached on the eastern portion of the branch line running
through the room area towards sprinkler head 4C and an additional weight on the arm-
over sprinkler pipe as shown in Figure 3.31. The branch line pipe weights were attached
on the same east-west direction and the sand weight on the arm-over sprinkler pipe was
attached on the north-south direction. The location of these sand weights can be seen on
Figure 3.27.
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Two sand weights were attached on the western portion of the branch line pipe
running through the room area towards sprinkler head 3C and an additional weight on the
arm-over sprinkler pipe as shown in Figure 3.32. The sand weights on the branch line
pipe were attached on the same east-west direction and the sand weight on the arm-over
sprinkler pipe was attached on the north-south direction. The location of these sand

weights can be seen on Figure 3.27.

Figure 3.32. Sand weight on Floor 4 sprinkler pipe in the western room area
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Three sand weights were attached to the branch line pipe running through the
elevator lobby area as shown in Figure 3.33. The sand weights on the branch line pipe
were attached on the same east-west direction. The location of these sand weights can be

seen on Figure 3.27.

-
1

Figure 3.33. Sand weight on Floor 4 sprinkler pipe in the EL area

A flexible drop was installed on the 4A sprinkler head in the EL area as shown in

Figure 3.34. The location of this sprinkler head can be seen on Figure 3.27.

Figure 3.34. Flexible drop on Floor 4 4A sprinkler head
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A flexible drop was installed on the sprinkler head 4C in the room area as shown
in Figure 3.35. The location of this sprinkler head can be seen on Figure 3.27. Rigid
drops were installed on all other sprinkler heads.

Figure 3.35. Flexible drop on Floor 4 4C sprinkler head
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3.2.1.5 Floor 5 Sprinkler System

For the fifth floor, steel Schedule 10, 3.8cm (1 '42”) pipe with grooved fittings was used
for the main line while steel Schedule 40, 2.5cm (1”) pipe with threaded cast iron fittings
was used for the branch lines. A total of 7 sprinkler heads were installed throughout the
floor, with 4 quick response pendent sprinkler heads and 3 quick response upright
sprinkler heads. Both sprinkler head types had a 1.3cm (!4”) orifice and a K-factor of 5.6.
The activation temperatures were 68C (155F) and 79C (175F) for quick response pendent
and quick response upright respectively. The sprinkler head specifications and sprinkler

system layout plan for Floor 5 is shown in Figure 3.36.

MAKE & M":IDEL ORIETGE KE-FAC T[ R TEllle:Er FIMISH CANCEY  OTY.
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Figure 3.36. Floor 5 sprinkler system design layout and specifications
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The blue triangles in Figure 3.36 indicate locations where Mason Industries’
SSBS-12 with 1.3cm (1/2”) Hilti KB-TZ anchor bolts with an assembly rating of 5.6 kN
(1250 Ibs) in capacity, was applied on the sprinkler pipes on Floor 5. There were no
added sand weights on the pipe or any flexible drops on the 5" floor.

Figure 3.37 shows the riser, drain pipe and control assembly of the first floor,
which was located on the west side of the elevator shaft as indicated in Figure 3.36. The
control assembly consisted of test and drain valves, a pressure gauge and a waterflow
switch. The riser and drain pipes both had seismic bracing installed on the west wall of
the shaft. The sprinkler system was charged with about 138kPa (20psi) of pressure as
shown on the pressure gauge. The detailed specifications of the control assembly are

shown below in Figure 3.38.

Figure 3.37. Floor 5 control assembly

49



CHAPTER 3 DETAILS OF FIRE TEST FLOOR (THIRD FLOOR)
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Figure 3.38. Floors 5 control assembly detailed drawing (looking north)
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The drain pipe and riser on the fourth floor had clamps near the slab penetrations

as shown in Figure 3.39. The clamps were installed above the fifth floor slab penetration.

Figure 3.39. Clamps on bottom of Floor 5 riser and drain pipe

Two Mason Industries’ SSBS-12’s were applied on top of the fifth floor main
feed pipe as shown in Figure 3.40. The braces were installed against the west wall of the

elevator shaft.

Figure 3.40. Seismic bracing on Floor 5 main feed pipe

o1



CHAPTER 3 DETAILS OF FIRE TEST FLOOR (THIRD FLOOR)

A Mason Industries’ SSBS-12 was also installed on the fifth floor sprinkler
branch line pipe in the EL area as shown in Figure 3.41. The brace was installed against

the roof. The location of the bracing can be seen on Figure 3.36.

Figure 3.41. Seismic bracing on Floor 5 branchline pipe running across the room

area
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3.2.2 Firestops

Firestop sealants and devices were installed in all vertical and horizontal pipe, cable, wire
and HVAC penetration openings on the third floor. Additionally, firestop sealants were
used to seal wall and floor assembly joints throughout the building. Some of the joint
seals were installed in accordance with tested and listed designs, such as for top-of-wall
joints that are stuffed with compressed mineral wool and then sealed. Some other joints,
such as some wall to wall joints, were simply caulked using the firestop sealants in a
manner for which tested and listed designs do not exist. As such, there would be no
expectation of maintaining the fire or smoke resistance of the caulked joint, as this would
not be a normally used application in any building where joint movement would be
expected. For the penetrations that were firestopped using sealants (as opposed to using
pre-formed devices), various firestop components of intumescent, non-intumescent and
mineral fiber wool were applied, as dictated by previously fire-tested and listed firestop
designs from the Underwriters Laboratories (UL) Fire Resistance Directory. Most of the
vertical penetration firestops were installed on the north and west wall of the elevator
shaft. Most horizontal penetration firestops were installed in the corridor areas where
pipe, cable, wire and HVAC penetrated through the large burn room and elevator lobby
area. Figure 3.42 shows the penetration firestop locations across the 3" floor and Table
3.1 lists the details of each penetration opening. Data sheets on the firestop materials and
systems can be found in Appendix A.2.
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3.13 3.29 3.28 3.30 3.31

. TTI3 T TT
3.16 (327))
317 -~

Figure 3.42. Floor 3 firestop locations

54



CHAPTER 3 DETAILS OF FIRE TEST FLOOR (THIRD FLOOR)

Table 3.1. Floor 3 firestop information

Number | Location Opgnlng Penetration/Gap Penet_rat|on Firestop
Size Size Product

3.1 Ceiling Gap HOW-Joint CFS-SP WB

3.2 Floor 8" Steel pipe insulated 45" + 2" CP 604

3.3 Floor 8" Copper pipe insulated | 2" + 2" FS-ONE

3.4 Floor 4" Steel pipe 2" CP 660

3.5 Floor 6" Steel pipe 3" CP 660

3.6 Wall 0.5" Gap 0.5" CP 606

3.7 Wall 10" x 4" | Steel pipe insulated 1"+ 2" CP 660 both

3.8 Wall 2" Steel pipe 2" CP 653

3.9 Ceiling Gap HOW-Joint 0.5" CP 606

3.10 Ceiling Gap HOW-Joint 0.5" CP 606

3.11 Ceiling 42 x 24" | Duct CFS-BL

3.12 Wall 11 x 11" | Duct 3.19 10 x 10" CP 660

3.13 Wall 2" Steel pipe 3.20 2" CP 653

3.14 Wall 1" Cable 0.5" CP 606

3.15 Wall 2" Steel pipe 1" CP 660

3.16 Wall 2" Steel pipe 2" CP 653

3.17 Wall 1" Cable 0.5" CP 606

3.18 Wall 2" Steel pipe 1" CP 660

3.19 Wall 11 x 11" | Duct 3.12 10 x 10" CP 660

3.20 Wall 25x 8 Cable tray 20 X 6 CFS-BL

3.21 Wall 25x 8 Cable tray 20 x 6 CP 660

3.22 Wall 11x 11" | Duct 3.12 10 x 10" FS-ONE

3.23 Wall 0.5" Joint 0.5" CP 606

3.24 Wall 4" Steel pipe 3" CP 653

3.25 Ceiling 0.5" HOW-Joint 0.5" CFS-SP WB

3.26 Ceiling 0.5" HOW-Joint 0.5" CFS-SP WB

3.27 Wall 2" Steel pipe 2" CP 653

3.28 Wall 1" Cable 0.5" CP 606

3.29 Ceiling Gap HOW-Joint 0.5" CFS-SP WB

3.30 Wall 3"+ 2" Steel pipe 0.5" FS-ONE

3.31 Wall 3" Steel pipe 1" FS-ONE

3.32 Floor 3" 2" CFS-DID

3.33 Floor 6" 4.5" CFS-DID

3.34 Floor 5" 4" CFS-DID

3.35 Floor 5" Steel pipe 4" FS-ONE

3.36 Floor 3" Steel pipe 1.5" FS-ONE

3.37 Floor 3" Cable 1.5" CP 680

3.38 Floor 4" 4" CFS-DID

3.39 Floor 5" 4" CFS-DID

3.40 Floor 2" 2" CP 680

3.41 Wall 1.5" Wall joint 1.5" CFS-SP WB
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3.42

Ceiling

Steel
Beam

Steel beam

CFP-SWB

Figure 3.43 shows firestop 3.1 was applied on the gap between the wall and 4™ floor slab

joint in the stair landing area.

Figure 3.43. Floor 3 landing wall-slab gap firestop

. Base Opening Penetration
# | Firestop | Intumescent Materials Size Gap Size
CFS-SP
wB
Firestop Concrete,
Joint Masonry,
31| P NIA Gypsum, | can | HOW-Joint
Steel,
Aluminum,
Glass
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Figure 3.44 shows firestops 3.2, 3.3, 3.4 and 3.5 which were applied on the Floor

3 slab vertical pipe penetrations on the west of the elevator shaft.

-

Figure 3.44. Floor 3 west side of shaft penetration firestops

. Base Opening Penetration
# Firestop Intumescent Materials Size Gap Size
CP 604 Self-
Leveling
Firestop )
39 Sealant No Concrete, gr S_teel pipe 45" 4 "
= Masonry insulated
FS-One
Intumescent . Confzrete, Copper
33 Firestop E;(fgnsmn at Brick, g" pipe on 4 o
Sealant (250F) \I\l/lveta(lj, insulated
= >
3.4 CP660 4" Steel pipe 2"
Expanding IC\:/loncrete,
Fire Seal Yes i
35 Drywall, 6" Steel pipe 3"
@% Brick
i
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Figure 3.45 shows firestops 3.6, 3.7 and 3.8 that were installed on the wall

penetration openings between the west side of shaft and elevator lobby.

[
Figure 3.45. Floor 3 firestops between west side of shaft and EL (EL view)

. Base Opening Penetration
# Firestop Intumescent Materials Size Gap Size
CP 606
Flexible fﬂoncrete’
36| Firestop N/A Dason?l” 0.5" Gap 0.5"
Sealant rS{wa: '
= o
ECP 630 Concrete,
Xpanding Masonry, Steel pipe
. - n " . mn + "
37 F__we Seal ves Drywall, 10"X 4 nsulated | L2
"m Brick
CP 653
Speed . on at
Sleeve Xpansion a " . "
3.8 - 160C (320F) N/A 2 Steel pipe 2
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Figure 3.46 shows firestop 3.9 was applied between the EL north wall and the 4™
floor slab joint.

Figure 3.46. Floor 3 above shaft door above the EL ceiling

. Base Opening Penetration
# Firestop Intumescent Materials Size Gap Size
CFS-SPWB
Firestop Joint Concrete,
Spray Masonry,
3.9 NIA Gypsum, | con | HOW-Joint | 0.5"
Steel,
Aluminum,
Glass
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Figure 3.47 shows firestop 3.10 was applied between the EL east wall and the 4™
floor slab joint.

. v

-
8

Figure 3.47. Above ceiling, east wall of EL

. Base Opening Penetration
# Firestop Intumescent Materials Size Gap Size
CP 606
Flexible Concrete,
310 | Firestop N/A Masonry, | Gap | HOW-Joint | 0.5"
Sealant Drywall,
) Steel
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Figure 3.48 shows firestop 3.11 was applied on the 4™ floor slab above the ceiling
of the elevator lobby for vertical vent penetrations.

Figure 3.48. Floor 3 vertical firestop for vent penetration above ceiling of EL (EL

view)
. Base Opening Penetration
# Fir Intum n . . -
Irestop tumescent Materials Size Gap Size
CFS-BL Concrete,
Firestop Expansion at Concrete
A1 Block r 42 x 24" D N/A
3 200C (392F) (porous), X uct /
Masonry,
o Drywall
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Figure 3.49 shows firestops 3.13 and 3.18 were applied on the horizontal pipe
penetrations on above the EL ceiling on the east wall of the EL.

Figure 3.49. Pipe penetrations above the EL ceiling east wall

. Base Opening Penetration
# F | . . -
Irestop ntumescent Materials Size Gap Size
CP 653
Speed £ - M
Sleeve Xpansion a asonry, . . "
313 @ 160C (320F) |  Concrete 2 Steel pipe | 2
cP 66_0 Concrete,
Expanding Masonry
3.18 | Fire Seal Yes Drywall ’ 2" Steel pipe 1"
g7 Brick
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Figure 3.50 shows firestops 3.14, 3.15, 3.16 (3.27) and 3.17 were applied in

various penetrations around the northeast corner of the EL above the ceiling.

Figure 3.50. Floor 3 north east corner of EL above ceiling
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. Base Opening Penetration
# Firestop Intumescent Materials Size Gap Size
CP 606
Flexible Concrete,
314 | Tirestop N/A Masonry, 1" Cable | 05"
Sealant Drywall,
w Steel
E)i:plazar?(?i?lg Concrete,
M .
3.15 Fire Seal Yes D?;s/\c/)vr;ﬁ/’ 2" Steel pipe 1"
s L
TETR Brick
CP 653
3.16 Speed E i t M
. Sleeve Xpansion a asonry, " . "
(3.27) @ 160C (320F) | Concrete 2 Steel pipe | 2
CP 606
Flexible Concrete,
317 | Firestop N/A Masonry, 1 Cable | 05"
Sealant Drywall,
———] Steel
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Figure 3.51 shows firestops 3.20, 3.21 and 3.22 were applied on the penetrations
between the LBR and the corridor. Firestop 3.12 (3.19) was applied on the duct
penetration between the corridor and the EL. Firestop 3.23 was applied on the wall-to-

wall joint.

Figure 3.51. Floor 3 corridor firestop
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: Base Opening Penetration
# Firestop Intumescent Materials Size Gap Size
c CPd§60F' Concrete,
xpanding Fire
312 Seal Yes Masonry, | 41 4 11* | buct | 10 x 10"
(3.19) Drywall,
oo Brick
Gt
Firestop Block | Expansion at Cable
3.11 I 200C (392F) Iszzsrgrlﬁ;, 25x8 tray 20x 6
Drywall
c de§60F' Concrete,
xpanding Fire M |
3.21 Seal Yes Df;\c,’vr;’l’ 25x 8 if:ye 20 x 6
TZT R Brick
FS-
. Expansion at Brick, .. | Duct "
3.22 Firestop 121C (250F) Metal, 11x11 312 10 x 10
Sealant Wood
CP 606
Flexible &Oncrete’
3.23 Firestop N/A Dasonrﬁ" 05" | Joint | 05"
Sealant rg;walt ’
— o
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Figure 3.52 shows firestop 3.24 was installed on the pipe penetration between the

corridor and the LBR. Firestop 3.25 was installed on the east corridor wall and 4™ floor

slab joint.
Figure 3.52. Floor 3 corridor and LBR pipe penetration
# Firestop Intumescent | Base Materials Ope_nmg Penetratlc_)n
Size Gap | Size
CP 653
Speed )
394 Sleeve Expansion at Masonry, 4 St.eel g
@ 160C (320F) Concrete pipe
CFS-SP WB
Firestop Concrete,
Joint Spray Masonry,
3.25 N/A Gypsum, o5 | TOW- g5
Steel, Joint
Aluminum,
Glass
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Figure 3.53 shows firestop 3.26 was applied on the LBR west wall and 4™ floor
slab joint.

Figure 3.53. LBR west wall and 4th floor slab joint

# Firestop | Intumescent | Base Materials Ope_nlng Penetratlon.
Size Gap Size
CFS-SP
WB
Firestop Concrete,
Joint Masonry,
3.26 | Spray NIA Gypsum, 05" | HOW-Joint | 0.5"
Steel,
Aluminum,
Glass
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Figure 3.54 shows firestop 3.28 was applied in on the cable penetration between
the LBR and the staircase.

Figure 3.54. LBR above ceiling on the W wall

. Base Opening | Penetration
# Firestop Intumescent Materials Size Gap | Size
(|::'P 606 FSIexllbIe Concrete,
3.28 Irestop Sealant N/A Masonry, 1" Cable | 0.5"
) Drywall, Steel
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Figure 3.55 shows firestop 3.29 was applied on the LBR south wall and the 4™
floor joint.

21V
' . \
% d
V, >
- v
k o VNN l

Figure 3.55. LBR S wall and 4th floor joint

i : i Penetrati
# | Firestop | Intumescent | Base Materials Opening enetration
Size Gap Size
CFS-SP
WB
; Concrete,
Firestop e
Joint . sur?]/,
3.29 | Spray N/A YPsEm, Gap | HOW-Joint | 0.5"
Steel,
Aluminum,
Glass
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Figure 3.56 shows firestop 3.30 was applied on both pipe penetrations on the
south wall of the SBR.

Figure 3.56. Floor 3 south wall of SBR

. Base Openin Penetration
# Firestop Intumescent Materials I?Size ’ Gap | Size
FS-One
Intumescent | Expansion at Concrete, Steel
3.30 Firestop Sealant Brick, Metal, 3"+ 2" . 0.5"
121C (250F
. C (250F) Wood pipe
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Figure 3.57 shows firestop 3.31 was applied on the pipe penetration on the south
wall of the SBR.

.

Figure 3.57. South wall of SBR above ceiling

. Base Opening Penetration
# Firestop Intumescent Materials Size Gap | Size
FS-One Concrete,
231 Intumescent Expansion at Brick, gn Steel | .
: Firestop Sealant | 121¢ (250F) Metal, pipe
fom - ] Wood
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Figure shows firestops 3.32 through 3.39 were installed on the vertical pipe
penetrations on the north side of the elevator shaft.

Figure 3.58. Floor 3 north wall of elevator shaft area
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. . i Penetrati
# Firestop Intumescent | Base Materials Opgnlng enetra |o_n
Size Gap | Size
3.3 CFS-DID g o0
' Firestop Flat Pour
Drop-In Expansion at Concrete, . .
3.33 Device 180C (356F) | Concrete over 6 45
334 | metal deck, pre- - "
#1231l cast
FS-One } Steel )
3.35 | Intumescent _ _ 5 Pie | 4
Firestop Expansion at | Concrete, Brick, P
121C (250F) Metal, Wood
3.36 Sealant g St.eel 15
- | pipe
CP 680 Cast
in Firestop
Device
Expansion at " "
3.37 200C (392F) Concrete 3 Cable | 15
CFS-DID Flat P
3.38 Firestop at Four 4 4
. Concrete,
Drop-In Expansion at Concrete over
Device 180C (356F)
3.39 - metal deck, pre- 5" 4"
s31ld e
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Figure 3.59 shows firestop 3.41 was applied between the north wall of the

building and the column joint. Firestop 3.42 was applied on the steel right below the 4™

floor slab.
Figure 3.59. Floor 3 column in the north wall of ES area
i : i Penetrati
# Firestop Intumescent | Base Materials | CPc "9 enetration
Size Gap Size
CFS-SP WB
i Concrete,
Firestop
Joint Spray Masonry,
3.41 N/A Gypsum, L5 Wall | ..
Steel, joint
Aluminum,
Glass
CFP-SWB
Steel Spray /A . .
3.42 N/A stee stee
beam beam
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3.2.3 Fire Door

A Lawrence rolling steel fire door was installed in the partition wall between the LBR
and SBR. The front of the door was installed facing the LBR space. The fire door was
0.9m (3’) wide and 2.1m (7°) high. The brackets on either sides of the hood were 0.3m by
0.3m (12” by 12”). The fire door was a chain operated door with the chain shown on the
left side of the door in Figure 3.60. The fusible link, with an activation temperature of
74C (165F), was located above the hood between the cable attached to the partition wall
and the hood. The fusible link was 2.56m (8.4°) above the 3™ floor slab and 0.24m
(0.79ft) below the ceiling that was 2.8m (9.2”) high. At the activation temperature, the
fusible link will melt and initiate the door’s automatic closing system. Hence, once the
fire door is thermally activated via the fusible link, the curtain will automatically close at
a governed speed of approximately 0.3m (12”) per second. Figure 3.60 and Figure 3.61

show the door at open and closed positions respectively.

Figure 3.60. Front side of fire door (LBR view)
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Figure 3.61. Front and back of fire door when rolled down

Figure 3.61 shows the fire door at a closed state from both the front and back
sides. Crush plates were used on the back side of the wall to support the door weight due
to the lighter than normal steel stud framing at each jamb.
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3.2.4 Fire Damper

Three Ruskin FSD60LP dampers, shown in Figure 3.62, were installed in each of the two
HVAC ducts on the third floor. The dampers were 25cm (10”) high and 25 cm (10”)
wide. The system was a 1-% hour rated, Leakage Class | fire smoke damper with an
airfoil blade. The damper can operate at a temperature of 177C (350F), against heated air
flow velocities of at least 610MPM (2000 FPM) and 10cm (4”) of water. The dampers
had electric fuse links that would automatically heat-actuate at a temperature of 74C
(165F). Figure 3.63 shows the location of the dampers.

Figure 3.62. FSD60LP Fire smoke damper
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:

Figure 3.63. HVAC design layout and damper location

Points A, B and C in Figure 3.63 indicate the damper locations. These portions of
the ducts, circled in blue, were where the fire dampers were located. One was in the
corridor and two were in the stair landing areas. The ducts were exposed as there was no
ceiling in both the areas. Figure 3.64 and Figure 3.65 show the exposed portions A and B
respectively, where the fire smoke damper systems were located. An electrical switch
outlet was installed on the east wall of the elevator lobby for the purpose of powering the

system.
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Figure 3.64. Floor 3 HVAC duct in corridor (portion A)

Figure 3.65. Floor 3 HVAC duct in stair landing (portion B and C)
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3.2.5 Door and Door Frames

Doors were installed to establish several compartments in the Floor 3. Three different
types of doors were used. Figure 3.66 shows the door numbers and their respective
materials in parenthesis. Door 7 was a roll down fire door, discussed in detail in Section
3.2.3. Door 3 was a honeycomb core metal door. Doors 1, 2, 4, 5 and 6 were flush

particleboard core doors. Specifications are provided in Appendix A.5.

Door 1 j
(Particleboard)

-

Elfoor
(Steel fire]door)

(Particleboalrd

A
Door
(Particlebofird)

Door 6
(Particlebg,ar/d)

Figure 3.66. Floor 3 layout showing doors
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The flush particleboard core doors, which would provide 20 minute fire rating if
installed per specifications, were used for Doors 1, 2, 4, 5 and 6. A typical door
installation is shown in Figure 3.67, The doors were 0.91m (3’) wide, 2.1m (7’) high and
3.5cm (1-3/8”) thick. The doors were composed of a 13.6kg (30lbs) particleboard core
with hardboard cover. The door hardware consisted of standard duty commercial
cylindrical lever locks-grade 2. The door latch was made of 3-hour fire rated stainless

steel.

Figure 3.67. Door 1, particleboard core door

Door 3 was a single honeycomb core, metal door, with a steel door frame. The
frame was made of 16-gauge A60 galvannealed steel, with a 3 hour fire rating. The 18-
guage steel standard door was 1.2m (4”) wide, 2.7m (9’) tall and 4.4cm (1-%4”) thick and
installed as an exterior door in the north wall of the building in the corridor area. The
door was 1-%2 hour fire rated. The door consisted of standard duty commercial cylindrical
lever locks-grade 2. The door latch was made of 3-hour fire rated stainless steel.
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3.2.6 Door Closers and Holders

To test door closing performance, light commercial/residential door closers and
commercial grade magnetic door holders were installed in all interior doors in the 3™
floor. The Universal Hardware Light-Duty Aluminum Residential Hold-Open Door
Closer 4013 White, were simple mechanical manual door closers that included a bracket,
a forearm and a main arm. These closers were force and angle adjustable and adjusted so
that all doors could be opened fully in a smooth manner. Figure 3.68 shows one of the
interior doors on the third floor with the door closer installed on the top left corner of the
door and door frame.

The magnetic door holder, Edwards Signaling Door Holder 1508-AQNS5,
assembly consisted of a wall mount electromagnet unit that was powered by 120VAC
and a door mounted adjustable steel strike plate. The electromagnets were mounted on
the walls and the adjustable pivot was mounted either on the top or bottom of the door
according to the electromagnet locations. These door holders have the capacity to
withstand up to 50 Ibs (22.7 kg) of force. A magnetic door holder can be seen on Figure
3.68.

Figure 3.68. Door closer and magnetic door holder
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4 COMPARTMENT INTEGRITY TESTS

Compartment integrity tests were performed on Floor 3 SBR and LBR areas. The initial
building integrity conditions were measured prior to caulking and the start of both of the
base isolation and fixed base test series. Integrity tests were then performed subsequently
after BI-1, BI-2, BI-3, BI-6, FB-1, FB-3, FB-4, FB-5 and FB-6 seismic tests.

41 OVERVIEW

Compartment (room) integrity tests measure gross leakage area in compartment
boundaries. This is done by measuring pressure differentials between the outside and
inside pressures of the compartment under investigation. Tests such as these are part of
requirements for smoke barrier and stair pressurization system testing and qualification.

It is important to perform room integrity tests because the air tightness of
compartments as it not only relates to energy conservation but can also affect building
fire conditions. The ventilation characteristics (air supply) of a compartment can change
many aspects of fire, including heat release rate (HRR), the total heat released, flame
shape, development of hot spots, flame/smoke spread direction, etc.

Since fire/smoke spread occurs through openings in compartment barriers
(usually openings in the upper level, but not exclusively), fire compartmentation could be
the most effective means of suppressing and limiting fire damage. As such, to determine
the testing conditions for compartment fire tests the amount of available air (or oxygen),
the direction of airflow, and the velocity of airflow were measured. Room integrity tests
and air velocity measurements were performed to provide data to support fire/smoke

spread simulation.
4.2 AIRVELOCITY MEASUREMENT

The aim of velocity measurement was to identify specific locations for leakage from a
compartment, since the door fan test only provided for an indication of the total leakage
area. Velocity measurements allowed for gauging of air flow rates, and identifying the
specific locations of leaks.
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43 COMPARTMENTATION TEST PROTOCOL

The focus of the compartment integrity tests was the third floor. Prior to the start of the
first fixed-base test, and after each subsequent motion tests, two compartment integrity
tests were conducted, followed by air velocity measurement tests. Figure 4.1 and Figure
4.2 show the compartments that were tested. The characteristics of the compartments are

listed in

Windowli |
doqr 1

Elevator
lobby

window 5

Figure 4.1. Floor 3 compartmentation test Area 1

The SBR space highlighted in green-dashed lines in Figure 4.1 was the focus of
the first set of compartment integrity tests. For test Area 1, Door 7 and Window 1 were
completely closed. Vents in the SBR ceiling were covered with plastic and sealed with
duct tape on all edges to accurately measure the leakage area. The blower fan was

installed in Door 1 for test Area 1. Doors 3 and 5 were closed completely
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The combined space of LBR and SBR areas, highlighted in red-dashed lines in
Figure 4.2, was the focus of the second set of compartment integrity tests. For test Area 2,
Windows 1 and 2 were completely closed while vents in the SBR ceiling were covered
with plastic and sealed with duct tape on all edges to accurately measure the leakage area.
Doors 1 and 7 were opened fully. The fan was installed in door 2. Doors 3 and 5 were

closed completely.

Elevator shaft
(ES) = door1 /

-

Large burn — Small burnl
room ' room |
(LBR) dcfﬂ (SBR) |

Elevator
lobby

(EL)

window 5

Figure 4.2. Floor 3 compartmentation test Area 2

The compartment integrity tests were conducted following the motion tests. For
all the room integrity tests conducted after 50% FB-3, two settings different settings were
examined with the ceiling access panel being open and closed in the LBR. After the
integrity tests were completed, a leakage test was performed in the same space to find
areas of leak and to validate the integrity test results.

The dimensions of each testing space were measured prior to testing. These
measurements were used to determine the volume, surface area and floor area of both

spaces as shown in Table 4.1.
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Table 4.1. Testing space features

Test 1 Space Test 2 Space
Volume 642.1 ft° 1879.1 ft°
Surface area 470.3 ft* 939.7 ft*
Floor area 69.4 ft* 203 ft°

4.3.1 Room Integrity Test Instrumentation and Procedures

An Infiltec E3 fan was used to conduct the room integrity tests. Figure 4.3 shows the fan
installed in the Door 1 frame. The adjustable frame was covered with a green-cloth
temporary covering. The adjustable frame was put up against a door frame and adjusted
to fit in as tight as possible within the door frame. The fan was inserted into the bottom
opening on the temporary covering and the manometer was set up on the right of the
adjustable frame. Green and red rubber tubes were connected to ports in the manometer
and the fan. The fan and the manometer were powered by electricity. Both pressurizing
and depressurizing of the room were performed by setting the front of the fan to blow air
inwards and reversing the front of the fan to blow air outwards respectively as well as
changing the setup of the rubber tubes. This was done to create either a positive or

negative pressure differential between the testing compartment and its outside space.
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Figure 4.3. Blower door test equipment set up in door 1

The low-flow plate was installed on the back of the fan for all tests as shown in
Figure 4.4. To get the required airflow rate, some of the seven holes on the low-flow
plate were covered. The number of holes changed depending on the leakage area of the
compartments. Table 4.2Table lists the number of holes that were open on the low-flow

plate per each integrity tests.

Figure 4.4. Low-flow plate attached on back of fan
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Table 4.2. Number of open holes on the low-flow plate

Number of Open Holes

Motion Area 1 Area 2
Test Panel Closed Panel Open
Pressure | Depressure | Pressure | Depressure | Pressure | Depressure
Before 3 3 4 4 N/A N/A
caulking
Before BI-1 2 2 2 2 N/A N/A
After BI-2 2 2 2 2 N/A N/A
After BI-3 2 2 2 2 N/A N/A
After BI-6 2 2 2 2 N/A N/A
After FB-1 2 2 2 2 N/A N/A
After FB-3 2 2 2 2 4 4
After FB-4 2 2 2 2 4 4
After FB-5 4 4 4 4 4 4
After FB-6 7 7 7 7 7 7

The number of open holes was adjusted in the manometer settings. The

manometer, shown in Figure 4.5, was set to provide readings of pressure and airflow rate

at an interval of every 4 seconds. All readings were taken in a patient manner to collect

stable and accurate numbers.

Figure 4.5. Digital Manometer

TRIAL SET AL AT ALAMTRITTY R
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The values presented in Table 4.1 were set as input values on the startup to the
integrity test software, BDWin. All the readings were recorded into the BDWin software
as shown on Figure 4.6. The software allows for recordings up to nine readings. As a

result, for each fan test, a minimum of 7 readings were recorded.

File Print Units Help

fnpet Dotz
Pre-test Static F‘ressure=||]7in.wc Megative .-’-‘wg=||]7in.wc: Pozitive .-’-‘wg=||]7in.wc:
Prez Gauge Flow Gauge Lo Flaw Plate Fan Flow Curve Fit Fit Errar
[ir. 1] [izFrii] Carrectian [Frm] [i=fr] [#]
#1 | 037 | 414 \DM4:4 Holes Of ~| | 414 | 406.6 | 1.788
#2 | 054 | 484 \DM4:4 Holes Of ~| | 484 | 503.9 -4.108
#3 | oA | 591 \DM4:4 Holes 0f ~| | 591 | 588.5 | 416
#1118 | 784 \DM4:4 Holes Of ~| | 784 | 785.2 -15
H3 | 145 | 875 \DM4:4 Holes Of ~| | 875 | 882.6 |-.864
HE | 13 | 840 \DM4:4 Holes Of ~| | 840 | 833.1 | .816
#| os | 647 \DM4:4 Holes Of ~| | 647 | 634.2 | 1.973
#3 | |0 \DM4:4 Holes O ~| | 0 |0 |0
# 1p |0 \DM4:4 Holes O ~| | 0 |0 |0
Poszh-test Static F‘ressure=||]7in.wc Megative .-’-‘wg=||]7in.wc: Pozitive .-’-‘wg=||]7in.wc:
Curve Fit: Corelation=| 99742  Pressure Exponent=| 5g74  Flow Coefficients 2640.03 cfm @1in

Leakage Area: ELA-CGSBET0Pa {251 ind
h0Pa Leakage:

ELALELEAPS 71,74 12 LRE10Pa=| g1 g3 in2/100f2
&CHED= 33 gap FlowS0= qpgq_4cfm  Pemilndex | 1 1 295 cim@50Pa/Ht2
Avg Annual Infiltration: InfACH= 2 4216 Flows 75 g4z cim. or | 18 960 cfm/Person or 37 921 cfm/bedioam

Inf.DE.-’-‘-.F'.Inu:Ie:-:=| 0go7 cfmdf2 USACE= { 472 cimE7EPadf [4PaSurf= g cfm/ft2
Back Clear All Auto Data Graph

Figure 4.6. Screenshot of BDWin software
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The fan flow and compartment pressure readings provided by the manometer,
were used to determine the effective leakage area and the air change rate. The
relationship of the flow and pressure can be expressed empirically as.

Qr = P/ Eq. 4.1
where
f = fan induced flow or pressure
Q = airflow rate
P = Pressure

K = leakage coefficient

Eq. 4.1 can be simplified to show the effective leakage area of an orifice as.

2P
Qf = ELA /Tf Eq. 4.2

ELA = effective leakage area

where
p = density of air

With Eq. 4.1 and Eq. 4.2 describing flow at a reference pressure, P,, of 4 Pa, the

equations can be simplified as below.

2P, /PA\"
Q; = ELA /T(Ff) Eq. 43
T

To achieve accurate test results of ELA, a statistical approach is used. The flow rate is
related to the pressure difference expressed in a logarithmic function.

log(Qf) = nlog (I;—:) + log (ELA\/%) Eq. 4.4
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Linear regression analysis is performed on the numerous readings taken during
the test and the linear relationship of the fan flow rate and the pressure difference can be

seen through the BDWin graph function in Figure 4.7.
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Figure 4.7. Fan flow rate and pressure difference plotted in logarithmic scale

The red dots in Figure 4.7 are plots of pressure differences (x-axis) and their
respective fan flow rates (y-axis). The blue line shown is the best fit line running through
the plots. The ELA value is taken from the best fit line when the pressure difference is at
4Pa (0.0006psi).

BDWin also provides the air change rate at a specified pressure of 50Pa
(0.007psi). This measurement indicates how quickly the interior air gets replaced by
outside air through either ventilation or infiltration. Eq. 4.5 below is used to determine
the air change rate which is usually expressed in air changes per hour at a specified

building pressure.
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Qso

Space Volume

ACHgg = Eq. 4.5

where
ACHSs( = air change per hour at 50 Pascal
Qs = airflow at 50 Pascal

4.3.2 Leakage Check Using Anemometer

After all readings were recorded for the integrity tests, the fan was kept on at a relative
slow speed to maintain the pressure differential between inside and outside of the testing
compartment. The pressure differential initiates air flow in all openings of the
compartments. To identify areas of leak a leakage test was performed right after the

integrity tests using an anemometer as shown in Figure 4.8.

Figure 4.8. Air leak check using an anemometer
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The anemometer was used to check for leakages around all joints, corners and
areas of any visible cracks. While one carried the anemometer around the testing area,
another carried around a camcorder and recorded all movements. As shown in Figure 4.8,
steel rod with a sensor at the tip of the rod, plugged into the anemometer, detects any air
movement. The air velocity is picked up by the sensor on the rod and displayed on the

anemometer.
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5 BLOWER DOOR FAN TEST RESULTS

5.1 EFFECTIVE LEAKAGE AREA

Table 5.1 shows the effective leakage area (ELA) data recorded per test. The data shown
are the average values of the pressurization and depressurization tests. Figure 5.1 shows a
graph of the ELA vs. motion test.

Table 5.1. Fan test leakage area results

ELA-Average
SBR (Area l) LBR + SBR (Area 2)
Before caulking 193cm? (30in%) 219cm? (34in°)
Before BI-1 110cm? (17in%) 84cm” (13in%)
After Bl-2 123cm? (19in?) 90cm? (14in%)
After BI-3 116cm? (18in%) 84cm? (13in?)
After BI-6 123cm? (19in%) 97cm? (15in%)
After FB-1 116cm? (18in%) 97cm? (15in%)
After FB-3 129cm? (20in%) 110cm*® (17in%)
After FB-4 148cm” (23in%) 148cm* (23in%)
After FB-5 284cm? (44in°) 310cm? (48in°)
After FB-6 587cm? (91in°) 819cm?” (127in%)
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Figure 5.1. Graph of ELA results of both compartments

Figure 5.1 shows a drop in the leakage area for both testing areas after joints were
caulked in the testing areas. This showed that caulking helped make the compartment
more airtight and reduced significant leakage areas. During the sequence of the BI tests,
not much change occurred in the leakage area except for slight variations. During all of
the Bl tests, the leakage area of Area 1 superseded the leakage area of Area 2.

Figure 5.1 shows the leakage areas of both testing areas increased after all of the
FB tests. For all tests prior to FB-5, Area 1 had the larger leakage area compared to Area
2, which was attributed to the leakage areas formed in the partition wall at the edges
where the fire door frame was. After FB-4, the leakage area of Area 1 and Area 2 became
about the same. Significant leakage area increases were observed after FB-4, FB-5 and
FB-6, and Area 2 leakage area became greater than the Area 1 leakage area after FB-4 as
more leakage areas were formed in the LBR joint areas and the lighting fixture. The

greatest leakage area increase occurred after FB-6. Figure 5.1 shows the steepest slope
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from FB-5 to FB-6. While the leakage areas of both areas were relatively similar
throughout the entire testing series, Area 2 ended up with a leakage area of about 226cm?

(34in?) greater than the leakage area of Area 1 after FB-6.
5.2 AIR CHANGE RATE AT 50pa

The American Society of Heating, Refrigerating and Air-Conditioning Engineers
Incorporation (ASHRAE) Standard 119 categorizes building leakage level based on Air
Changes per Hour at 50 Pa (ACHs) values, which measures the total number of complete
air changes that will occur in one hour in which pressure of 50 Pascal is being applied
uniformly to the compartment. Table 5.2 below shows the ASHRAE Standard 119 values
for ACHs.

Table 5.2. Draft ASHRAE Standard 119

Category Leakage Level (approximate)
1. Very Tight ACHso< 1
2. Tight 1<ACHs < 4
3. Moderate 4<ACHs5 <6
4. Fair 6 <ACHs5 <8
5. Leaky 8 <ACHs5, <18
6. Very Leaky 18 < ACHgsp

Table 5.3 shows the air change rate data collected from all tests. The data shown
are the average values of the pressurization and depressurization tests. These data were

plotted into a graph as shown in Figure 5.2.
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Table 5.3. ACH50 test results

ACHps (1/hr)
SBR (Areal) LBR + SBR (Area 2)
Before caulking 30 16
Before BI-1 26 7
After BI-2 24 7
After BI-3 27 7
After BI-6 28 7
After FB-1 28 7
After FB-3 30 9
After FB-4 36 12
After FB-5 60 28
After FB-6 125 59
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Figure 5.2. Graph of ACHjs test results of both compartments

Figure 5.2 showed similar results to that of the ELA results. The number of air
change reduced slightly after the joint areas in both testing areas were caulked. That
number stayed relatively similar for both compartments until after FB-1 took place. For
all the tests that took place after FB-3, an increase in the number of air change was the
trend in both Area 1 and Area 2. The increases were minimal during the FB tests but
significant increases were visible from all tests after FB-4. The biggest increase in the
number of air change occurred after FB-6. Even though Area 1 started with a very leaky
category at 26 air changes per hour after caulking, that number increased almost five
times the initial number at 125 air changes per hour after FB-6. Area 2 started off as a fair
category at 7 air changes per hour after caulking but increased almost 8 times the initial
number at 59 air changes per hour and put into the very leaky category after FB-6. The

Area 1 air change rates are significantly higher than the air change rates of Area 2 since
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the air change rate calculations take into consideration the overall volume of the space.
With Figure 5.1 showing similar ELAS between the two areas, since Area 1 has a smaller
volume than the volume of Area 2, the air change rate of Area 1 is significantly higher
than the air change rate of Area 2.

53 OBSERVATION OF COMPARTMENTATION ISSUES

The great increase of the leakage area was induced as seismic motions caused
openings to form in various areas. Figure 5.3 shows the gap that was formed between the
partition wall and the north wall of the building, increasing the leakage area of the SBR
and LBR. This as well as the leaky installation of the fire door on the partition wall
caused a greater leakage area only in the SBR compared to the both areas of SBR and
LBR combined.

Figure 5.3. Gap formed on the partition wall between LBR and SBR
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Gaps developed in the joint areas as the building was subject to seismic motions.
Figure 5.4 shows the gap in the joint area above the LBR ceiling, allowing for leaks
through the balloon framing. Figure 5.5 shows gaps that were formed in the joint areas
increasing the overall leakage area.

Figure 5.4. Gap formed in the north wall balloon framing in the joint area above the
LBR ceiling

Figure 5.5. Gaps in the joint area of Floor 3
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The magnetic door holder of the SBR was found to have been completely ripped
off the back of the door, failing to meet the demands of the seismic motions as shown in

Figure 5.6.

Figure 5.6. Magnetic door closer failure
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There were other noticeable issues in Floor 3 that were observed to add to the
compartmentation issues outside of the room areas. It was found that the door in the
corridor area was jammed not allowing for the door to close completely as shown in

Figure 5.7.

Figure 5.7. Corridor door jam

The elevator door was also severely damaged with a large opening was created as

the doors were wrecked and failed to close as shown in Figure 5.8.

Figure 5.8. Damage to the elevator door in Floor 3
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6 ADDITIONAL OBSERVATIONS

Although fire tests were only conducted in Floor 3, there were noticeable damages to
multiple structural and non-structural components at multiple floors which could pose

threats to be fire risks to the building.
6.1 STRUCTURAL COMPONENT DAMAGE

After FB-6, the steel rebars of beam-column connections were completely exposed in
several places of the building. Figure 6.1 shows the Floor 2 beam-column connection on
the north wall that was damaged. This could severely limit the structural performance and
the fire rating of the structural components when exposed to elevated temperatures.

Figure 6.1. Floor 2 north column in the middle
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6.2 NONSTRUCTURAL COMPONENT DAMAGE

The living room contents of the elevator lobby and the chemical lab equipment in the
room area of Floor 2 were greatly displaced and spread throughout the floor following
FB-5 and FB-6. Small items such as cups and books as well as large items such as a book
shelf, table and an anchored TV were displaced. The items on the floor in Figure 6.2

could be a fuel source for fires.

Figure 6.2. Floor 2 elevator lobby after FB-6

Following the largest ground motion (FB-6), a rigid steel pipe, representative of a fuel
gas line, was damaged at a connection on Floor 1. The broken connection is shown in
Figure 6.3. In the absence of other protective measures, such as shutoff valves, such a

failure could lead to release of fuel gas in a building.
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i

Figure 6.3. Floor 1 rigid gas pipe disconnection

The stair connection failed and detached off of the stair landing on Floor 3 following FB-
6 as shown in Figure 6.4. Handrails had been disconnected following FB-5 as shown in
Figure 6.5. Gypsum wallboards detached and fell off around the staircase and landing
areas as shown in Figure 6.6 and at multiple locations throughout the building. Such
issues as well as the displacement of building contents could hinder the evacuation of
occupants during building fires.
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Figure 6.4. Floor 3 stair landing following FB-6

)

Figure 6.5. Floor 4 stair handrail following FB-5
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Figure 6.6. Wallboard detachment following FB-6 around intermediate landing of
Floor 1 and 2

Two ICU breakout doors were installed in the Floor 4 landing area leading to the elevator
lobby and ICU room. Both doors performed well and remained intact during the entire
seismic test series except for the ICU door from the landing to the elevator lobby was
damaged during FB-5. The ICU breakout doorframe performed well but a portion of the

door was detached from the doorframe as shown in Figure 6.7.

108



CHAPTER 6 ADDITIONAL OBSERVATIONS

Figure 6.7. ICU breakout door on Floor 4 following FB-5
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7 INSTRUMENTATION AND FIRE TESTS PLAN

7.1 OVERVIEW

The fire tests were conducted to examine how the building fire protection measures
would react to fires subjected to seismic motions. The fire tests were conducted in three
different compartments to allow for testing of the various fire systems present throughout
Floor 3. Thermocouples were used to measure record temperatures of the compartments,
fire systems, while video cameras were used to record and obtain visual data of the fire

tests. See Appendix B for additional details on thermocouple locations.
7.2 INSTRUMENTATION
7.2.1 DAQ

A National Instruments cDAQ-9178, data acquisition (DAQ) system was used to record
thermocouple data during the fire tests. The DAQ system was located in the 2" floor
room area during all fire tests. The DAQ system components included a chassis
connected to a laptop with USB 2.0 extension cable and 6 16-channel C series module
placed in the chassis allowing for connection of a total of 96 thermocouples, as shown in

Figure 7.1.
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] - S—

Figure 7.1. DAQ (left) and DVR (right) setup on Floor 2 for the fire tests

7.2.2  Thermocouples

For these tests, Type K, AWG (American Wire Gauge) 24, glass braided thermocouples
were used to measure gas or surface temperatures at various locations and of fire systems
during the fire tests. Because thermocouples were connected to the DAQ which allowed
up to 96 thermocouples per test, each thermocouple was numbered and labeled in a
format of “X-Y’. Both X and Y were numbers with X ranging from 1 to 12 and Y ranging
from 1 to 8. For example, in the LBR-1 fire test when 96 thermocouples were used, the
first thermocouple was labeled 1-1 and the 96" thermocouple was labeled 12-8.
Thermocouple trees were made by placing thermocouples vertically in 30cm (1°)
increments on a long metal rod. Thermocouple trees were fabricated and used in fire tests
to measure general compartment gas temperatures at various height levels. The
thermocouples were connected to the same channels during LBR-1 and SBR fire tests
and in EL-1 and EL-2 fire tests. Due to high temperatures in the testing compartments,
some thermocouple wire and connectors were protected by ceramic fiber board or blanket

as shown in Figure 7.2. Table 7.6 summarizes the thermocouple locations per test.
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Figure 7.2. TC tree protected with ceramic fiber blanket
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Table 7.1. Summary of thermocouples per fire test

Date Test Number of Locations
Thermocouples
- 2 thermocouple trees in room areas
- 2 thermocouple trees above ceiling
93/05/2012 LBR-1 9 - g_aps formed on walls of room areas
and SBR - fire systems
- gaps above the ceiling
- exterior balloon framing
- 2 thermocouple trees in room areas
- 2 thermocouple trees above ceiling
- 2 thermocouple trees hanging out of
LBR window
24/05/2012 LBR-2 9 - g_aps formed on walls of room areas
- fire systems
- gaps above the ceiling
- exterior balloon framing
- HVAC duct
- 4" floor vents
- thermocouple tree in corridor
- thermocouple tree space above LBR
ceiling
24/05/2012 ES 62 - ther_mocoup_le tree insiderdelevator shaft
- horizontal firestops on 3™ floor
- vertical firestops on 4™ floor
- 4" floor concrete slab
- exterior balloon framing
- 2 thermocouple trees in lobby
EL-1 and - 2_t_hermocoup|e trees above lobby
25/05/2012 43 ceiling
EL-2 .
- thermocouple tree inside elevator shaft
- exterior balloon framing

7.2.3 LBR-1and SBR Fire Tests TC Locations

For the LBR-1 and SBR fire test configuration, a thermocouple tree was placed in each of
the SBR and LBR to obtain the general compartment gas temperature. A thermocouple

tree was placed above the SBR ceiling and above the LBR ceiling to measure temperature
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increases above the ceiling. At various noticeable gaps that were formed in the walls and
joint areas of the rooms and the space above the ceiling from the motion tests,
thermocouples were placed to measure the gas temperatures to check for smoke spread.
Thermocouples were placed on thermal activation links of sprinkler heads and fire door
to check for activation temperatures. Thermocouples were placed on the north balloon
framing to check for increased temperatures indicative of smoke and hot gas leakage to

the exterior of the building.
7.24 LBR-2 Fire Test TC Locations

Most of the thermocouple locations for the LBR-2 fire test remained intact from the
LBR-1 and SBR fire tests, as the testing compartments were the same. For the LBR-2,
due to greater fuel load and expectations of increase in temperatures, thermocouples were
placed in the HVAC ducts in front of the fire damper and in Floor 4 vents to check if hot
gases would travel through the HVAC duct. Also, 2 thermocouple trees were installed to

hang out of the LBR window to measure the gas temperature exiting through the window.
7.2.5 ES Fire Test TC Locations

A thermocouple tree was placed in the corridor space for the ES fire test to measure
general gas temperatures of the testing compartment. A thermocouple tree was located in
the space above the LBR ceiling and inside the elevator shaft (only for Floors 3 through 5)
to check for smoke spread. Thermocouples were placed on the surfaces of the horizontal
firestops on the east and south walls of the corridor and on vertical firestops of the 4™
floor slab to obtain activation temperatures. Also thermocouples were located on the 4™
floor concrete slab to check for any temperature increase on the slab. Thermocouples
were located on the north and west balloon framing to check for increased temperatures
indicative of smoke and hot gas leakage to the exterior of the building.

7.2.6 EL-1and EL-2 Fire Tests TC Locations

Two thermocouple trees were located in the lobby area, on the southwest corner and in

front of the elevator door, for the EL-1 and EL-2 fire tests to measure general testing
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compartment gas temperatures. Two thermocouple trees were located in the space above
the EL ceiling, on the northwest and southeast corners to measure temperature changes in
the ceiling space. A special thermocouple tree with thermocouple spacing of 0.66m
(2.2ft), was installed to hang from the top of the elevator shaft down to the floor slab of
the 3" floor to check how much temperature increase would occur inside the shaft.
Thermocouples were placed on the west and south balloon framing to check for increased

temperatures indicative of smoke and hot gas leakage to the exterior of the building.
7.2.7 Cameras

Two different sets of cameras were installed in various locations in the building to
capture the fire, smoke spread, flame extension and fire systems activation. A digital
video recorder (DVR) with 8 channels and 500GB of internal storage capacity was placed
in the 2™ floor room area during the fire tests as shown in Figure 7.1. With 150 feet BNC
cable extensions, the cameras were located in various locations on the 3™ floor. Figure

7.3 shows the components of the DVR camera system.

8 5§ N '

Power supply for Camera Zip (BNC) DVR with 8
camera cable BNC
connecting outlets

camera to DVR

Figure 7.3. DVR-camera system components

Due to the limitation of the DVR only allowing for a maximum of 8 camera connections
at once, UCSD IP cameras were also implemented throughout all fire tests to allow for
more views. The UCSD IP cameras had one cable from the camera to a switch located on
each floor with a maximum of 7 camera cables allowed per switch. The switch had a

power cable connected to a closest power source and another cable exiting the building
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towards the control tower to a server system. A UCSD IP camera is shown in Figure 7.4.
Due to high temperatures in the testing compartments, some cameras and portions of the
BNC cable were protected by ceramic fiber blanket.

oo

Figure 7.4. UCSD IP camera

7.2.7.1 DVR Camera Locations

Figure 7.5 shows the locations where DVR cameras were mounted on the 3" floor. The
DVR cameras were only mounted in locations on the 3™ floor. Table 7.2 lists the views

and location level of all the cameras.

Figure 7.5. DVR camera locations on Floor 3
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Table 7.2. Floor 3 DVR camera details

Camera # Name Level View
1 SBR_SE_corner 3 Fire door
5 SBR NE corner 3 Pa_rtit.ion wall and N wall of
- - building gap
3 SBR_above_ceilin 3 (above Overall ceiling view towards the
g ceiling) LBR column
4 LBR_NW_corner 3 Center of LBR
5 corridor_firestop 3 Corridor wall firestop
6 Corridor 3 Corridor and LBR door
; N_shaftwall_firest 3 Vertical firestop and overall view
op of area behind N wall of shaft
8 EL_SE_corner 3 EL area and shaft door
9 Inside_shaft 3 Inside shaft looking NE and
upwards
10 EI.__above_cellmg 3(§pove HVAC duct and vertical firestop
_firestop ceiling)

Table 7.3 shows the status of the DVR camera during the fire tests. White indicates that
the camera was not connected or mounted during the test. Dark gray indicates the camera
was installed and recording during the test. Light gray indicates the camera was installed

and recording but got destroyed during the test.

Table 7.3. DVR camera status during fire tests

Camera #
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Figure 7.6 shows camera 4 that was installed in the northwest corner of the LBR adjacent

to the column to capture the whole LBR area during the fire tests.

Figure 7.6. Camera 4 was installed adjacent to the column in the LBR

7.2.7.2 UCSD Camera Locations

UCSD cameras were located in various locations throughout floors 3, 4 and 5. The
cameras were located in both interior and exterior locations of the building. Figure 7.7,
Figure 7.8, and Figure 7.9 show the UCSD camera locations for floors 3, 4 and 5
respectively. Table 7.4 lists the views of each of the camera while Table 7.5 shows which
cameras were recorded during the fire tests.
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Figure 7.7. UCSD camera locations on Floor 3
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Figure 7.8. UCSD camera locations on Floor 4
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Figure 7.9. UCSD camera locations on Floor 5
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Table 7.4. UCSD Camera details

Camera # Name Level View
1 FL3 SBR above ceiling 3 (gt.)ove Overall ceiling view towards the
ceiling) | LBR column
2 FL3 LBR firestop 3 (fil_)ove Firestop on W wall of LBR
ceiling)
3 FL3 corridor_firestop 3 Firestop on E wall of corridor
Vertical firestop and overall view of
4 FL3_N_shaftwall 3 area behind N wall of shaft
5 FL3 EL damper 3 (fil?ove HVAC duct and firestop on S wall of
- - ceiling) | corridor
6 FL3 EL door 3 EL area and shaft door
7 FL3 EL_SW ceiling iéﬁ?sg; Above EL ceiling space looking NE
. 3 (above | Vertical firestop and overall view of
8 FL3_EL vertical FS ceiling) | area behind N wall of shaft
9 FL3 inside shaft 3 Inside shaft towards Floor 2 shaft
- - door
10 FL2 3 landing NE corner | 2and 3 | NE corner of intermediate landing
11 FL3 4 landing NE corner | 3and4 | NE corner of intermediate landing
Vertical firestop and overall view of
12 FL4 N shaftwall firestop 4 area behind N wall of shaft
4NW column and overall view of
13 FL4_4NW_column 4 area behind N wall of shaft
14 FL4 vent 4 Vent openings
15 FL4 N balloon 4 Middle of balloon framing of N wall
16 FL4 NW balloon 4 NW portion of balloon framing of N
- - wall
17 FL4 SW balloon 4 SW portion of balloon framing of S
- - wall
18 FL4 EL door 4 EL lobby and shaft door
19 FL5 EL door 5 EL lobby and shaft door
20 FL5 inside_shaft 5 Elevator roller inside shaft
21 FL5 W _balloon 5 Exterior of W wall of building
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Table 7.5 shows the status of the UCSD camera during the fire tests. White indicates that
the camera was not connected or mounted during the test. Dark gray indicates the camera
was installed and recording during the test. Light gray indicates the camera was installed
and recording but got destroyed during the test.

Table 7.5. UCSD camera status during fire tests

Camera# | LBR-1 SBR LBR-2 ES EL-1
1

NI WIN

11
12
13
14
15
16
17
18
19
20
21
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Figure 7.10 shows UCSD IP Camera 1 that was installed on the northeast corner above
the SBR ceiling to capture the smoke leak to the ceiling through the gaps formed between

the north wall of the building and the ceiling system.

Figure 7.10. UCSD Camera 1 installed in the northeast corner above the SBR ceiling

123



CHAPTER 7 INSTRUMENTATION AND FIRE TESTS PLAN

7.2.8 Smoke Detectors

GE TX-6010-01-1 commercial-grade, photoelectric wireless smoke detectors, shown in
Figure 7.11, were located in various locations on multiple floors to see smoke spread.
The smoke detectors were powered by batteries and programmed into the Simon XT
control panel as a sensor. A touchscreen keypad was also installed in which logs of

events were recorded.

-

)
= // =
N OO0

P 006 — — =

Wireless Smoke Detector 3> O G® G __:—:

D MO Touchscreen Keypad

Control Panel

Figure 7.11. Smoke detector components

Figure 7.11 shows the smoke detector components. Figure 7.12, Figure 7.13 and Figure
7.14 show the location of the smoke detectors in floors 3, 4 and 5 respectively.
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Figure 7.12. Floor 3 smoke detector locations
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Figure 7.13. Floor 4 smoke detector locations
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Figure 7.14. Floor 5 smoke detector locations

Figure 7.15 shows Smoke Detector 10 that was installed on the SBR ceiling adjacent to

the sprinkler head.
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Figure 7.15. Smoke Detector 10 installed on the SBR ceiling

7.3 TEST SCHEDULE

The fire tests were conducted on three consecutive days from May 23, 2012 to May 25,
2012. Fire test set up and instrumentation occurred during the previous week of the fire

tests. Table 7.6 lists the fire test name, location and dates.

Table 7.6. Fire test schedule

Date Fire Test Location Test Name Weather condition
May 23, LBR LBR-1 Temp: 61~68°F
2012 SBR SBR Wind: ~5 mph
May 24, LBR LBR-2 Temp: 65~68°F
2012 ES ES Wind: 5~10 mph
May 25, EL EL-1 Temp: 57~62°F
2012 EL EL-2 Wind: 10~15 mph
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7.4 FIRE TEST PLAN

The objectives of the fire tests were twofold: (1) to assess the potential for spread of fire
and smoke in an earthquake damaged building, given the damage caused by the motion
tests, and (2) collect sufficient compartment fire data to assist in simulation of the fires
and prediction of post-earthquake fire performance of buildings.

While the initial intent was to collect fire performance data on multiple floors in
multiple configurations, project resource constraints limited fire testing to the third floor.
Also, while it would have been helpful to collect data on actual burning characteristics of
representative contents, for purposes of environment protection and control of fire size
and duration, it was determined that a controlled fuel source should be used. Initially, the
intent was to use a propane gas burner with adjustable gas flow to control fire size (heat
release rate) and duration, but financial constraints made this option impractical. In the
end, it was decided to burn heptane in steel pans, as this allowed for a relatively
inexpensive fire source, for which heat release rate and burning time could be controlled,
relative to the experimental conditions.

This section of the report overviews the design of the fire source, size and
duration based on the fuel, pan size and ventilation conditions, and describes the fire test

plan for each of the six live fire tests.
7.4.1 Factors Affecting Fire Size
7.4.1.1 Heat Release Rate

A principal driver in describing the size of a fire is heat release rate (HRR). HRR,
measured and expressed in kW, represents the rate at which thermal energy is produced
during a fire, which in turn determines thermal conditions in compartment fire tests. If
fire size is too small, it will not increase the room temperature high enough to assess key
building performance features, such as activation of firestops, forcing flame or smoke
outside of the compartment of fire origin, activate sprinkler heads or fusible link on fire
doors, etc. For these tests, for example, the upper gas temperature needed to be higher

than 250C (482F) to activate the firestops. However, if the fire size is too large, or burns
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for too long, failure of compartmentation, structural members or other building features
could result. This facilitated the need to design the HRR from the pan fires to achieve
minimum required compartment temperatures without bringing essential building

elements to failure.
7.4.1.2 Quantity of Fuel

A major driver in the HRR of a fire is the amount and type of fuel. Cellulosic materials,
such as paper, wood and cotton, typically burn more slowly and at lower temperatures
than hydrocarbon fuels. However, it can be easier to control fire size and duration with
hydrocarbon fuels, such as propane gas or liquid heptane, as opposed to cellulosic
materials. For these tests, heptane was selected as a fuel, as the HRR could be controlled
based on the surface area of the burning fuel, and the duration of burning could be
controlled by the depth of the fuel, both of which could be controlled by using a pan

configuration.
7.4.1.3 Ventilation Opening Factor

Another factor which affects HRR is the ventilation opening size in a fire compartment.
If ventilation openings are too small, the fire size is limited by oxygen and self-
extinguishment can occur (ventilation controlled). If the openings are too large relative to
the fuel guantity, target compartment temperatures may not be achieved as the hot gas

produced by the fire will be released through the opening.
7.4.1.4 Compartment Lining Factor

The boundary material of compartments also plays a role, as heat can be transferred
through wall, ceiling and floor surfaces. If the material absorbs heat, the design fire size

should be increased to account for this and still achieve target compartment temperatures.
7.4.2 Sizing the Heptane Pan Fire

Considering the focus of these tests being the post-earthquake condition of a building, in
which one could reasonably expect fuel items are well spread over the floor area (e.g.,
papers, books, files, etc.), it was deemed reasonable to use multiple smaller pans to
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achieve the target fire size rather than one large pan. As noted above, the fire size and
duration of a hydrocarbon liquid pool fire can be estimated (and controlled) based on the
surface area of the pool (size) and the depth of fuel (duration). For these tests, heptane
was selected as it was readily available and provided enough soot to visibly track smoke
movement. Heptane pan fires are often used in control fire tests (e.g., see Effect of Fire
Size on Suppression Characteristics of Halon Replacement Total-Flooding Systems,
Halon Options Technical Working Conference, 2001). The design of the pans for this test
series is described below.

7.4.2.1 Design Calculations

The HRR of a pool fire can be estimated from Eq. 7.1,

Heat Release Rate: Q = m"AAh, Eq. 7.1
with,
mass flux:m" =
4 yp Eq. 7.2
where,
Ah, = heat of combustion

_ volume of fuel

fuel depth
p = density
y = velocity

From Figure 7.16 and Figure 7.17, about 540 kW (3.1<10*BTU/min) fire can be
achieved from each pan of 0.6m by 0.4m (2’ by 1.3’) pan. Expected flame height, which
is the 50 % intermittency of flame tip, is about 2.3m (7.5). This calculation is based on
an open environment condition, which means that in a compartment condition, radiation
from the hot gas layer will feed heat energy back to the fuel surface and increase the

HRR accordingly.
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Figure 7.16. Fire size vs. pan size
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Figure 7.17. Flame height vs. pan size

The initial amount of heptane in the pan can be determined based on the test
duration and regression rate of heptane shown in Figure 7.18. The burning time of
heptane is shown in Figure 7.19. With a 0.6m by 0.4m (2’ by 1.3’) pool, and the
regression rate of heptane is about 0.42cm/min (0.17”/min). Since the test duration is
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planned about 10 minutes, heptane of about 4.2cm (1.7”) in height needs to be placed
initially in a pool, which is about 11 liters (2.9gal). If one pan is used, the fire size will be
about 540kW (3.1x<10*BTU/min). Two pans can be used to for about 1.1MW
(6.3<10°BTU/min).

Heptane Regression Rate (cm/min)
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Figure 7.18. Heptane regression rate vs. pan size
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Figure 7.19. Initial amount of heptane vs. burning time
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7.4.2.2 Confirmation by Experimental Results

As shown in Figure 7.20, with 9L (2.4gal) of heptane and 8L (2.1gal) of water in the
retention pan, peak HRR was slightly less than 800 kW (4.6<10°BTU/min), but average
HRR was about 510kW (2.9x10*BTU/min) with effective burning time of 9.5 minutes,
which agrees well with the results of the design calculation. It is possible to burn the
paper of gypsum wall board surface during fire tests, which provide additional heat

release rate, especially for the tests with high HRR.

9 L Heptane
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’;‘ 500 %AM

i 400 o/ \
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700 800 900 1000 1100 1200 1300 1400 1500
Time (s)

Figure 7.20. HRR of 9L heptane fires

7.4.2.3 Final Pan Configuration

The final design of a heptane pan and associated retention pan is shown in Figure 7.21. A
retention pan is used to prevent further heptane fuel spread in case the heptane pan is
physically damaged during fire tests. In addition, the retention pan contains water as a
heat sink to prevent warp of the pan, which can cause uneven surface area of the heptane
and possibly heptane spill over the pan due to warp. Ceramic fiber board is located
between the heptane pan and retention pan to decrease any heat transfer between the pans.
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By doing this, the retention pan does not cause any heat damage on the concrete floor.

The actual design pan with the retention pan is shown in Figure 7.22.

Ceramic fiber Water

0.08m(0.3’

'

v

0.74 m (2.4)

Figure 7.21. Heptane pan design

Figure 7.22. Actual heptane pans used for the fire tests

Given this pan configuration, with experimentally obtained HRR for the surface
area, and burning time controlled by the depth of the heptane, source fires were designed
for each burn area given the volume of the space, ventilation configuration and

temperature and burning times that were targeted.
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7.4.3 LBR-1Fire Test
7.4.3.1 Purpose of Fire Test

The LBR-1 Fire Test was conducted to examine smoke spread between the LBR and
SBR compartments and space above the ceiling and to check the functionality of fire
systems after seismic motions. It was expected that with 8L (2.1gal) of heptane, the fire
size would be sufficient enough to activate the fire door (Door 7) and sprinkler in the
LBR. Since Door 1 will be open the entire test, sprinkler in the SBR will activate as well.
The temperature data of the SBR area and space above the ceiling were collected to test
compartmentation and use for modeling smoke leakage and its effect on fire development.
With Windows 1 and 2 closed, it was expected that smoke would leak through the
balloon frame of the building if gaps were created on the balloon frame through seismic

tests. The testing conditions are shown in Figure 7.23.

7.4.3.2 Test Conditions

e Fuel. one pan with 8L (2.1gal) (2.25L was left after flame extinguished)
e Windows 1 and 2 were closed.

e Windows 3, 4, and 5 were left open.

e Doors1,7,3,5,4and 6 were left open

e Door 2 was closed.

e All the vents in the LBR and SBR were closed. All the vents in EL were

open.

e Expected peak HRR: 300kW
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Window 2
Closed

Window 3
Open

Figure 7.23. LBR-1 fire testing conditions
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Figure 7.24 shows the actual setup of the pan and the thermocouple tree in the LBR area
for the LBR-1 fire test. Figure 7.25 shows the window that was blocked off with wood
panels. Figure 7.26 shows the vents in the ceiling that were blocked with ceramic fiber
board. The edges of the window and the vents were sealed with fire caulking material.

Figure 7.24. Fuel pan and thermocouple tree setup for LBR-1 fire test
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Figure 7.25. LBR window blocked with wood panel

Figure 7.26. LBR ceiling vents blocked with ceramic fiber board
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7.4.4 SBR Fire Test
7.4.4.1 Purpose of Fire Test

The SBR Fire Test was conducted to examine smoke spread between the LBR and SBR
compartments and space above the ceiling and to check the functionality of fire systems
after seismic motions. It was expected that during the LBR-1 fire test, the fire door (Door
7) and sprinklers in the LBR and SBR would activate. The sprinkler system will be
recharged after the LBR-1 but if the fire door is activated during the LBR-1 fire test, it
will remain closed during the SBR fire test. The temperature data of the SBR area and
space above the ceiling were collected to test compartmentation and use for modeling
smoke leakage and its effect on fire development. It was expected that if gaps were
formed during the seismic tests, smoke leak would be visible via the gaps formed
between the partition wall and the north wall of the building since Door 1 and 7 will
remain closed. With Windows 1 and 2 closed, it was expected that smoke would leak
through the balloon frame of the building if gaps were created on the balloon frame

through seismic tests. The testing conditions are shown in Figure 7.27.

7.4.4.2 Test Conditions

e Fuel. one pan with 3 L (0.8 gal) (0.25 L left after flame is out)
e Windows 1 and 2 were closed.
e Windows 2, 3, 4, and 5 were open.

e Door 1 was naturally closed by the door closure after ignition with some
gaps formed by seismic motion tests. Door 7 was closed after LBR-1 fire

test.
e Doors 2, 3, 4,5 and 6 were open.

e All the vents in the LBR and SBR were closed. All the vents in EL were

open.

e Expected peak HRR.: 150kW
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Window 4

Window 5
Open

Figure 7.27. SBR fire testing conditions
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Figure 7.28 shows the fuel pan and thermocouple tree setup in the SBR are for the SBR
fire test. Figure 7.29 shows the SBR window that was blocked with wood panel. Figure
7.30 shows the ceiling vents blocked with ceramic fiber board. The edges of the window

and the vents were sealed with fire caulking material.

Figure 7.28. Fuel pan and thermocouple tree setup in the SBR
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Figure 7.29. SBR window blocked with wood panel

Figure 7.30. SBR ceiling vent blocked with ceramic fiber board
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7.45 LBR-2Fire Test
7.4.5.1 Purpose of Fire Test

The LBR-2 Fire Test was conducted to examine smoke spread between the LBR and
SBR compartments and space above the ceiling and to check the functionality of fire
systems after seismic motions. It was expected that with two pans with 8 L (2.1 gal.) of
heptane each, the fire size would be sufficient enough to activate the fire door (Door 7)
and sprinkler in the LBR and the SBR. The temperature data of the SBR area and space
above the ceiling were collected to test compartmentation and use for modeling smoke
leakage and its effect on fire development. Also, temperature data in both HVAC ducts
was measured to determine if dampers were activated. It was expected that with 16 L (4.2
gal.) of heptane and Windows 1 and 2 open to provide ventilation, flashover phenomena
could occur during the test. The testing conditions are shown in Figure 7.31

7.4.5.2 Test Conditions

e Fuel: two pans with 8 L (2.1 gal.) of heptane each

e Windows 1, 2, 3, 4, and 5 were open.

e Door 1 was naturally closed by the door closure and Door 2 was closed.
e Doors 3, 4,5 and 6 and 7 were open.

e All the vents in the LBR, SBR and EL were open.

e Expected peak HRR.: 800kW
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Window 5
Open

Figure 7.31. LBR-2 fire testing conditions
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Figure 7.32 shows the fuel pans and thermocouple tree setup in the LBR for the LBR-2
fire test. The LBR window was opened up and thermocouple trees were placed through

the window as shown in Figure 7.33

b 4

Figure 7.32. Fuel pans and thermocouple tree setup in the LBR
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Figure 7.33. Thermocouple trees installed on the LBR window
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7.4.6 ESFire Test
7.4.6.1 Purpose of Fire Test

The ES Fire Test was conducted to examine smoke spread between the vertical and
horizontal penetrations around the ES area. Temperature data and video recordings were
collected to see if smoke leaked through the vertical firestops or the firestops activated on
the north and west side of the ES. The concrete surface temperature was measured to see
how much increase in temperature occurred. 4™ floor vent temperature data and video
footage data were recorded to see if any smoke comes out from any possible duct damage.
Temperature data and video recordings were collected to see if the firestops activated or
smoke leaked through the horizontal firestops on the wall between the corridor and the
LBR and between the corridor and the EL. The testing conditions are shown in Figure
7.34.

7.4.6.2 Test Conditions
e Fuel: two pans with 8 L (2.1 gal.) each.
e Windows 1, 2, 3, 4 and 5 were open.
e ES side of Door 5 and Door 2 were protected with ceramic fiber blanket.
e Door 3 was partially open with a brick used as a holder. Door 6 was open.
e Door 1, 4 and 5 were closed. Door 7 was closed during the LBR-2 test.

e All the vents in the LBR and SBR were open. All the vents in EL were

open.

e Expected peak HRR: 700kW.
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Door 3
Partially
Open

Window 3

Window 4
Open

Window 5
Open

Figure 7.34. ES fire testing conditions
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Figure 7.35 shows the fuel pan setup on the north side of the elevator shaft for the ES fire

test. Figure 7.36 shows the fuel pan and thermocouple tree set up in the corridor area.

Figure 7.35. Fuel pan setup in the space north of the elevator shaft
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Figure 7.36. Fuel pan and thermocouple tree setup in the corridor area
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7.4.7 EL-1Fire Test
7.4.7.1 Purpose of Fire Test

The EL-1 fire test was conducted to see the effect of fire on the elevator shaft with the
elevator shaft door being damaged. TC tree was installed inside the elevator shaft to
record temperature data inside the shaft. Also video camera was installed inside the shaft
to see smoke spread and flame extensions. The temperature above the ceiling space was
measured with two TC trees to see for any temperature increase in the space. The testing
conditions are shown in Figure 7.37.

7.4.7.2 Testing Conditions

e Fuel: three pans with 8 L (2.1gal.) each

e Window 4 and 5 were partially open

e Window 1, 2, and 3 were open.

e Door 4, 5 and 6 were closed with ceramic blanket protection.
e Door 1 and door 2 were closed.

e Door 3 was open.

e All the vents in the LBR and SBR were open. All the vents in EL were

closed.

e Expected peak HRR: 1400kW.
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Close

Door 6
Closed

Window 5
Partially Open

Figure 7.37. EL-1 fire testing conditions
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Figure 7.38 shows the setup of the fuel pans and thermocouple trees in the EL for the EL-
1 fire test. Figure 7.39 shows both the EL windows that were partially blocked with wood

panels.

Figure 7.39. EL windows blocked with wood panels
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7.4.8 EL-2 Fire Test
7.4.8.1 Purpose of Fire Test

The EL-2 fire test was conducted to see the effect of fire on the elevator shaft with the
elevator shaft door being damaged. TC tree was installed inside the elevator shaft to
record temperature data inside the shaft. Also video camera was installed inside the shaft
to see smoke spread and flame extensions. The temperature above the ceiling space was
measured with two TC trees to see for any temperature increase in the space. A portion of
the ceiling near the vertical firestops above the ceiling was cut out to expose the firestops
to the fire directly in attempts to activate the vertical firestops. The testing conditions are

shown in Figure 7.40.
7.4.8.2 Test Conditions

e Fuel: three pans with 8 L (2.1 gal.) each

e Window 1, 2, 3, 4 and 5 were open

e Door 4, 5 and 6 were closed with ceramic blanket protection.
e Door 1 and door 2 were closed.

e Door 3 was open.

e All the vents in the LBR and SBR were open. All the vents in EL were
open, and a small portion of the ceiling was cut open around the SW

corner of the EL

e Expected peak HRR: 1800kW
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Figure 7.40. EL-2 fire testing conditions
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Figure 7.41 shows the setup of the fuel pans and the thermocouple trees in the EL are for
the EL-2 fire test. Figure 7.42 shows the portion of the ceiling that was cut out on the

southwest corner adjacent to the access panel.

|
i * a

Figure 7.41. Setup of the fuel pans and thermocouple trees in the EL
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Figure 7.42. Portion of the ceiling cut off adjacent to the access panel
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8 FIRE TEST DATA

This chapter summarizes data collected during the fire tests. See Appendix C for more

details.
8.1 LBR-1FIRE TEST TEMPERATURES
8.1.1 Thermocouple Trees

Figure 8.1 shows the TC trees that were placed in the LBR and the SBR. Figure 8.2
shows the TC trees that were placed above the ceiling of the LBR and SBR.

Figure 8.1. TC Trees in the SBR and LBR
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Figure 8.2. TC trees above ceiling of LBR and SBR
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Figure 8.3 shows the temperatures recorded by the thermocouple trees in the LBR and
space above the LBR ceiling. The thermocouple location details are listed in Table 8.1.
The condition of the LBR after the LBR-1 fire test is shown in Figure 8.4.

LBR TC Trees Temperatures
240
230
220 A —>51
210 —5-2
200
190 fa 5-3
180
170 —54
160 \ e 5-5
150 \
g 140 \ 5-6
2 150 PO s W\ —57
£ 110 —5-8
100
90 ——6-1
80
70 AN —6-2
® W7 -== 63
40 JI / - -06-4
30 YO — _;_- - _
20 MELZ ucuuSes- 6-5
10 | | | | | | | | | | | 6-6
0 100 200 300 400 500 600 700 800 900 1000 6-7
Time (s)

Figure 8.3. LBR and space above LBR ceiling temperatures
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Table 8.1. LBR TC trees list

TC tree below ceiling of LBR starting with 6-2 starting on the floor slab and
increasing by 0.3m (1ft) increments to 5-1 on top at 2.7m (8.9ft)

TC tree hanging from 4" floor slab above ceiling of LBR starting with 6-7
right above ceiling and increasing in 0.3m (1ft) increments to 6-3 being on top

Figure 8.4. LBR after LBR-1 fire test
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Figure 8.5 shows the temperatures recorded by the thermocouple trees in the SBR and

space above the SBR ceiling. The thermocouple location details are listed in Table 8.2.

SBR TC Trees Temperatures

0O 100 200 300 400 500 600 700 800 900 1000
Time (s)

Figure 8.5. SBR and space above SBR ceiling temperatures

Table 8.2. SBR TC trees list

10-1
10-2
10-3
10-4
10-5 | TC tree below ceiling of LBR starting with 11-2 starting on the floor slab and
10-6 | increasing by 0.3m (1ft) increments to 10-1 on top at 2.7m (8.9ft)

10-7
10-8
11-1
11-2

11-3
11-4 | TC tree hanging from 4™ floor slab above ceiling of LBR starting with 11-7
11-5 | right above ceiling and increasing in 0.3m (1ft) increments to 11-3 being on
11-6 top

11-7

162



CHAPTER 8 FIRE TEST DATA

The SBR temperature increased via smoke spread through openings and the temperature
was high enough to melt smoke detector 10 and the plastic cover of the SBR lighting
fixture as shown in Figure 8.6. Figure 8.7 shows soot that was produced on the LBR
northwest column as a result of the LBR-1 fire test. Figure 8.8 shows the north wall in the
space above the ceiling with soot at locations where smoke leaked. Figure 8.9
substantiates for smoke spread to the SBR compartment through these openings.
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Figure 8.7. LBR northwest column after LBR-1 fire test
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Figure 8.9. Partition wall gap after LBR-1 fire test
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Figure 8.10. South wall of the SBR after the LBR-1 fire test
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8.1.2 Active Fire Systems Activation Analysis

Figure 8.11 shows the temperatures of the fire door and the SBR sprinkler. The SBR
sprinkler activated at 66 seconds at 109 °C (228 °F), as Figure 8.13 shows the activated
sprinkler head. The fire door activated at 79 seconds at 108 °C (226 °F), as Figure 8.12
shows the fusible link melted and the fire door rolled down automatically. The
thermocouple locations are listed in details in Table 8.3. There was no data available on
the LBR sprinkler as the thermocouple malfunctioned during the test, but post-test visual

inspection confirmed that the LBR sprinkler head activated during the LBR-1 fire test as
shown in Figure 8.14.
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Figure 8.11. Temperatures of fire door and SBR sprinkler
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Table 8.3. Fire door and SBR sprinkler TC list

4-6 (s) Fusible link of fire door, 1.5m (4.9) from N wall, 0.24m (0.8’) below
ceiling

4-7 (s) sprinkler head fusible link in the LBR, 1.3m (4.3’) from N wall, 1.8m
(5.9’) from E wall, 2.8m (9.2”) above floor (NO DATA, TC Malfunctioned)

4-8 (s) sprinkler head fusible link in the SBR, 1.3m (4.3”) from N wall 1.4m (4.6°)
from W wall, 2.8m (9.2”) above floor
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Figure 8.12. Fire door activation during LBR-1 fire test
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Figure 8.13. SBR sprinkler activation during LBR-1 fire test

Figure 8.14. LBR sprinkler activation during LBR-1 fire test
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8.2 SBRFIRE TEST TEMPERATURES
8.2.1 Thermocouple Trees

Figure 8.15 shows the TC trees that were placed in the LBR and the SBR. Figure 8.16
shows the TC trees that were placed above the ceiling of the LBR and SBR.

Figure 8.15. TC Trees in the SBR and LBR
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Figure 8.16. TC trees above ceiling of LBR and SBR
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Figure 8.17 shows the temperatures recorded by the thermocouple trees in the SBR and
space above the SBR ceiling. The thermocouple location details are listed in Table 8.4. It
is seen from the overall view of the SBR in Figure 8.18, that due to limited ventilation,
the fire extinguished before all the heptane fuel was used up with a portion of the heptane

fuel remaining in the pan.

SBR TC Trees
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Figure 8.17. SBR and space above SBR ceiling temperatures
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Table 8.4. SBR TC trees list

10-1

10-2

10-3

10-4

10-5

10-6

10-7

10-8

11-1

11-2

TC tree below ceiling of LBR starting with 11-2 starting on the floor slab and
increasing by 0.3m (1ft) increments to 10-1 on top at 2.7m (8.9ft)

11-3

11-4

11-5

11-6

11-7

TC tree hanging from 4™ floor slab above ceiling of LBR starting with 11-7
right above ceiling and increasing in 0.3m (1ft) increments to 11-3 being on
top

Figure 8.18. SBR after SBR fire test
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Figure 8.19 shows the temperatures recorded by the thermocouple trees in the LBR and

space above the LBR ceiling. The thermocouple location details are listed in Table 8.5.

LBR TC Trees

0 100 200 300 400 500 600 700 6-6

Time (s)

Figure 8.19. LBR and space above LBR ceiling temperatures

Table 8.5. LBR TC trees list

5-1
5-2

5-4
5-5 TC tree below ceiling of LBR starting with 6-2 starting on the floor slab and
5-6 increasing by 0.3m (1ft) increments to 5-1 on top at 2.7m (8.9ft)

5-7
5-8
6-1

6-2
6-3
6-4

TC tree hanging from 4" floor slab above ceiling of LBR starting with 6-7
right above ceiling and increasing in 0.3m (1ft) increments to 6-3 being on top

6-6

6-7
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Figure 8.20 shows soot on the northeast corner above the ceiling of the SBR as openings
allowed for smoke leak. A “V’ shape soot pattern was produced as shown in Figure 8.21,
on the northeast corner of the LBR as the smoke leaked through the partition wall to the
LBR.

Figure 8.20. Northeast corner in space above SBR ceiling after SBR fire test
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el e
Figure 8.21. Partition wall gap after SBR fire test
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8.2.2 Active Fire Systems Activation

Figure 8.22 shows the temperature of the SBR sprinkler. The graph indicates the SBR
sprinkler activated at 21 seconds at 100C (212F). Although thermocouple 4-7
malfunctioned, post fire test visual inspection revealed the LBR sprinkler did not activate
as shown in Figure 8.23. The thermocouple locations can be seen on Figure 6.32. The

thermocouple location is listed in detail in Table 8.6.
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Figure 8.22. SBR sprinkler temperatures

Table 8.6. SBR and LBR sprinkler TC list
4-7 (s) sprinkler head fusible link in the LBR, 1.3m (4.3’) from N wall, 1.8m
(5.9”) from E wall, 2.8m (9.2”) above floor (NO DATA, TC Malfunctioned)
4-8 (s) sprinkler head fusible link in the SBR, 1.3m (4.3”) from N wall 1.4m (4.6°)
from W wall, 2.8m (9.2”) above floor
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Figure 8.23. LBR sprinkler head after SBR fire test
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8.3 LBRFIRE TEST 2 TEMPERATURES
8.3.1 LBR Thermocouple Tree

Figure 8.24 shows the thermocouple tree located inside the LBR and Figure 8.25 shows

the thermocouple tree located above the SBR and LBR ceiling.

Figure 8.24. TC tree in LBR
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Figure 8.25. TC trees above LBR and SBR ceiling
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Figure 8.26 shows the temperature data in the LBR and the space above the LBR
ceiling space. Figure 8.27 shows the temperature data in the space above the SBR
ceiling space.

Table 8.7 lists the locations of the LBR thermocouple tree and Table 8.8 lists the

locations of the thermocouple trees above the LBR and SBR ceiling space.

LBR and LBR Above Ceiling
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Figure 8.26. LBR and LBR above ceiling TC tree temperatures
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SBR Above Ceiling TC Tree
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Figure 8.27. SBR above ceiling TC tree temperatures

Table 8.7. LBR TC tree list

7-1

7-2

7-4

75 TC tree below ceiling of LBR starting with 8-2 starting on the floor slab and

increasing by 0.3m (1ft) increments to 7-1 on top at 2.7m (8.9ft)

7-7

7-8

8-2

Table 8.8. LBR and SBR above ceiling TC trees list

6-4

6.5 TC tree hanging from 4™ floor slab above ceiling of LBR starting with 6-7

right above ceiling and increasing in 0.3m (1ft) increments to 6-3 being on top

6-7

8-4

8-5

86 TC tree hanging from 4™ floor slab above ceiling of SBR starting with 8-8

right above ceiling and increasing in 0.3m (1ft) increments to 8-4 being on top

8-8
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Flashover occurred during the LBR-2 fire test. Besides the thermocouple temperature
data, post fire test visual inspection provided evidence of how high the temperatures got.
Figure 8.28 shows door 1 had burned and the door knob melted as well as the pressure
differential leaving the door open slightly. Figure 8.29 shows the key to the access panel
had melted and fallen to the ground. The area around the north wall of the LBR above the

ceiling of the room area after the LBR-2 fire test is shown in Figure 8.30.

Figure 8.28. Partition wall door 1 after LBR-2 fire test

183



CHAPTER 8 FIRE TEST DATA

Figure 8.31. HVAC line connecting to the northwest vent of the LBR after LBR-2
fire test
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8.3.2 Active Fire Systems Activation

Figure 8.32 shows the temperature of the fire door and SBR and LBR sprinklers. The
LBR sprinkler activated after 28 seconds at 107C (224F) and the SBR sprinkler activated
after 44 seconds at 59C (138F). The fire door activated after 51 seconds at 163C (325F).

These thermocouple locations are listed with details in Table 8.9.
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Figure 8.32. Fire door and LBR and SBR sprinkler temperatures
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Table 8.9. LBR and SBR fire system TC list

5-2 (9) south part of fire door frame, 1.88m (6.2°) above floor

5-3 (9) south part of fire door frame, 0.3m (1”) above floor

5-4 (s) Fusible link of fire door, 1.5m (4.9”) from N wall, 0.24m (0.8) below
ceiling

5-5 (g) W wall of SBR gap above the fire door, 1.6m (5.2”) from N wall

5-6 Corner of the door frame between the SBR and LBR, 2.1m (6.9”) above floor,
1.1m (3.6”) from N wall

5-7 (s) SBR sprinkler head fusible link 1.3m (4.3”) from N wall, 1.4m (4.6°) from
W wall 2.8m (9.2°) above floor

5-8 (s) LBR sprinkler head fusible link, 1.3m (4.3’) from N wall, 1.8m (5.9’) from

E wall, 2.8m (9.2°) above floor
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8.4 ESFIRE TEST TEMPERATURES
8.4.1 TC Trees in the Corridor and LBR Above Ceiling

Figure 8.33 shows the thermocouple trees located in the corridor and space above the
LBR ceiling.
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Figure 8.33. TC trees in corridor and above LBR ceiling
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Figure 8.34 shows the temperature of the TC tree thermocouples located in the corridor.
These thermocouple locations are listed with details in Table 8.10.

TC Tree in Corridor
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Figure 8.34. Thermocouple tree temperatures in the corridor
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Table 8.10. Corridor and above LBR ceiling TC trees list

9-6

9-8

11-6

11-7

11-8

1o-1 | 1C tree below 4™ floor slab in corridor starting with 12-8 on bottom. 0.3m

192 (1ft) above 3" floor slab and increasing at 0.3m (1ft) increments to 9-5 on top

123 at 3.9m (12.8ft)

12-4

12-5

12-6

12-7

12-8
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Figure 8.35 shows the temperature of the TC tree thermocouples located in the space

above the LBR ceiling. These thermocouple locations are listed with details in Table 8.11.

TC Tree Above LBR Ceiling

0 100 200 300 400 500 600 7700 800 900

Time (S)

Figure 8.35. LBR above ceiling TC tree temperatures

Table 8.11. TC Tree list above LBR ceiling

6-3

gg TC tree hanging from 4" floor slab above ceiling of LBR starting with 6-7

6.6 right above ceiling and increasing in 0.3m (1ft) increments to 6-3 being on top
6-7
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Figure 8.36 and Figure 8.37 shows horizontal firestops in the corridor area that
intumesced. A vertical PVC pipe melted in the north of the elevator shaft as shown in
Figure 8.38.

Figure 8.37. Cable tray firestop in corridor after ES fire test

191



CHAPTER 8 FIRE TEST DATA

-

E
\

e
4

Figure 8.38. North of elevator shaft after ES fire test
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8.5 EL-1FIRE TEST TEMPERATURES
85.1 TC Treesinthe EL

Figure 8.39 shows the two thermocouple trees placed in the EL area.
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Figure 8.39. TC trees in EL
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Figure 8.40 shows the temperature in front of the elevator door. These thermocouple
locations are listed with details in Table 8.12.

TC Tree in Front of the Elevator Door
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Figure 8.40. Temperature in front of the elevator door
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Table 8.12. Front of elevator door TC tree list

3-8

4-1

4-2

43

4-4

45

4-6

48

TC tree in front of shaft door below ceiling of EL starting with 4-8 starting
on the floor slab and increasing by 0.3m (1ft) increments to 3-7 on top at
2.7m (8.9ft)
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Figure 8.41 shows the temperature of the SW corner of the EL. These thermocouple
locations are listed with details in Table 8.13. The camera mount and elevator switch
panel melted off of the south wall of the elevator shaft as shown in Figure 8.42. Spalling
occurred on the concrete slab near the pans as shown in Figure 8.43.
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Figure 8.41. Temperature in the SW corner of the EL
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Table 8.13. SW corner of EL TC tree list

10-1

TC tree in SW corner of EL below ceiling, starting with 10-2 starting on the
floor slab and increasing by 0.3m (1ft) increments to 9-1 on top at 2.7m
(8.9ft)

Figure 8.43. Floor 3 concrete slab after EL-1 fire test
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8.5.2 TC Trees Above the EL Ceiling

Figure 8.44 shows the two thermocouple trees located above the ceiling of the EL. One

thermocouple tree was located on the NW corner and the other was located on the SE

corner.
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Figure 8.44. TC trees above EL ceiling
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Figure 8.45 shows the SE corner temperature above the EL ceiling. These thermocouple

locations are listed with details in Table 8.14.

Temp (C)
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Figure 8.45. Temperature of the SE corner space above the EL ceiling

Table 8.14. EL SE corner above ceiling TC tree list

3-1

3-2

3-3

34

3-5

TC tree hanging from 4" floor slab above ceiling SE EL starting with 3-5
right above ceiling and increasing in 0.3m (1ft) increments to 3-1 being on
top
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Figure 8.46 shows the NW corner temperature above the EL ceiling. These thermocouple

locations are listed with details in Table 8.15.

TC Tree in NW Corner Above EL Ceiling
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Figure 8.46. Temperature of the NW corner space above the EL ceiling

Table 8.15. EL NW corner above ceiling TC tree list

5-1

5-2 TC tree hanging from 4" floor slab above ceiling NW EL starting with 5-5
5-3 right above ceiling and increasing in 0.3m (1ft) increments to 5-1 being on
5-4 top

5-5
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8.5.4 Inside Elevator Shaft

Figure 8.47 shows the thermocouple tree located inside the elevator shaft.
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Figure 8.47. TC inside elevator shaft from 5th to 3rd floor
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Figure 8.48 shows the temperature inside the elevator shaft from the 3™ floor up. These

thermocouple locations are listed with details in Table 8.16.

TC Tree Inside the Shaft

0 T T T T T T T T 1
0 100 200 300 400 500 600 700 800 900
Time (s)
Figure 8.48. Inside the shaft temperature
Table 8.16. Inside elevator shaft from 5th to 3rd floor TC list

1-1
1-2
1-3
1-4
1-5
1-6 TC tree inside elevator shaft hanging down from the roof with 10-1 being
1-7 0.25m (10in) below the roof and decreasiné; at 0.9m (3ft) increments ending
1-8 with 11-5 being 0.66m (2.2ft) above the 3" floor slab
2-1
2-2
2-3
2-4
2-5

202



CHAPTER 8 FIRE TEST DATA

8.6 EL-2FIRE TEST TEMPERATURES
8.6.1 TC Treesinthe EL

Figure 8.49 shows the two thermocouple trees placed in the EL area.
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Figure 8.49. TC treesin EL
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Figure 8.50 shows the temperature in front of the elevator door. These thermocouple

locations are listed with details in Table 8.17.

TC Tree in Front of Elevator Door
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Figure 8.50. Temperature in front of the elevator door
Table 8.17. Front of elevator door TC tree list
3-7
3-8
4-1
jg TC tree in front of shaft door below ceiling of EL starting with 4-8 starting
™) on the floor slab and increasing by 0.3m (1ft) increments to 3-7 on top at
2.7m (8.9ft)
4-5
4-6
4-7
4-8
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Figure 8.51 shows the temperature of the SW corner of the EL. These thermocouple
locations are listed with details in Table 8.18. The gypsum wallboard got detached as
shown in Figure 8.52. Door 3 was on fire as shown in Figure 8.53, and had to be

extinguished using a water hose.

TC Tree in SW Corner of EL

Figure 8.51. Temperature in the SW corner of the EL

Table 8.18. SW corner of EL TC tree list

9-1

9-3
9-4 TC tree in SW corner of EL below ceiling, starting with 10-2 starting on the
9-5 floor slab and increasing by 0.3m (1ft) increments to 9-1 on top at 2.7m

9-6 (8.9ft)

9-7

10-1
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Figure 8.52. South wall of elevator shaft after EL-2 fire test

LY %

Figure 8.53. 6or 4 after EL-2 fire test
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8.6.2 TC Trees Above the EL Ceiling

Figure 8.54 shows the two thermocouple trees located above the ceiling of the EL. One

thermocouple tree was located on the NW corner and the other was located on the SE

corner.
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Figure 8.54. TC trees above EL ceiling
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Figure 8.55 shows the SE corner temperature above the EL ceiling. These thermocouple

locations are listed with details in Table 8.19.

TC Tree in SE Corner Above EL Ceiling
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Figure 8.55. Temperature of the SE corner space above the EL ceiling

Table 8.19. EL SE corner above ceiling TC tree list

3-1

3-2 TC tree hanging from 4" floor slab above ceiling SE EL starting with 3-5
3-3 right above ceiling and increasing in 0.3m (1ft) increments to 3-1 being on
3-4 top

3-5
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Figure 8.56 shows the NW corner temperature above the EL ceiling. These thermocouple

locations are listed with details in Table 8.20.

TC Tree in NW Corner Above EL Ceiling
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Figure 8.56. Temperature of the NW corner space above the EL ceiling

Table 8.20. EL NW corner above ceiling TC tree list

5-1

5-2 TC tree hanging from 4" floor slab above ceiling NW EL starting with 5-5
5-3 right above ceiling and increasing in 0.3m (1ft) increments to 5-1 being on
5-4 top

5-5
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8.6.4 Inside Elevator Shaft

Figure 8.57 shows the thermocouple tree located inside the elevator shaft.
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Figure 8.57. TC inside elevator shaft from 5th to 3rd floor
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Figure 8.58 shows the temperature inside the elevator shaft from the 3™ floor up. These

thermocouple locations are listed with details in Table 8.21.

TC Tree Inside Elevator Shaft
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Figure 8.58. Inside the shaft temperature
Table 8.21. Inside elevator shaft from 5th to 3rd floor TC list
1-1
1-2
1-3
1-4
1-5
1-6 TC tree inside elevator shaft hanging down from the roof with 10-1 being
1-7 0.25m (10in) below the roof and decreasiné; at 0.9m (3ft) increments ending
1-8 with 11-5 being 0.66m (2.2ft) above the 3" floor slab
2-1
2-2
2-3
2-4
2-5
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9 SUMMARY PRELIMINARY FINDINGS

Post-earthquake fires have some inherent differences when compared to general building
fires as fire protection features of buildings and infrastructure can be damaged by
earthquake and may not be available or may not operate as intended in fire conditions.
Some of the fire protection features that are expected in general building fires are as
follows:
e Active fire protection systems, such as automatic fire suppression / fire control
systems, automatic fire detection / alarm / notification systems, and smoke control

/ management systems

e Passive fire protection systems for preventing fire spread beyond area of fire
origin, including proper compartmentation for separation of fire and fire products
from means of egress, between rated compartments and floors

e Provision of proper number, size and location of means of egress

e Adequate structural resiliency under thermal load

e Systems and features to support fire fighter suppression and rescue missions, such
as standpipes, smoke control and building access

Unfortunately, it is possible that the performance of some of these features can be
decreased either by direct seismic-induced damage, such as breakage of sprinkler piping
or loss of a stairway, or by fire-related phenomena given an earthquake damaged state,
such as the failure of load-bearing structure due to high heat exposure.

This series of tests aimed to understand the performance of these systems under a
controlled set of seismic and fire tests. The following highlights preliminary observations
relative to potential fire safety concerns as identified during these tests. It should be
remembered that fire testing was only conducted on the third floor, and the observations
of compartmentation and structural integrity performance on other floors were not
directly assessed as part of the fire testing. However, a comprehensive set of observations

are provided to help paint the overall picture of post-earthquake building performance.
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9.1 FUEL DISTRIBUTION

There was no specific fuel item in the third floor during the seismic tests where
the fire tests were conducted. In the second floor, however, a residential space and
laboratory area had possible items such as TV, bookshelves with books in it, computer,
tables, laboratory test equipment, storage, etc. Some of these were anchored and others
were not to see the performance of seismic bracing fixtures. After FB-5 and FB-6, some
anchored items such as TV were displaced and most unanchored items were widely
spread on the floor. This widely spread items can deter the occupants movement in
emergency condition and increase fuel area from which higher HRR and taller flame
height can be derived. Further description and more pictures are available in SSRP report.
A rigid steel pipe, representative of a fuel gas line, was damaged at a connection on Floor
1 following FB-6. Such damage to a real gas fuel line, without other protective measures

(e.g., shutoff valves), could represent added fuel to a post-earthquake fire.
9.2 ACTIVESYSTEMS
9.2.1 Sprinkler system

Sprinkler systems were not damaged from seismic tests and worked well in the
fire tests. More detailed data are available in Appendix C under the section of active fire

system activation analysis per each test.
9.2.2 Smoke detection system

The smoke detection system was not damaged from seismic tests and worked well

in the fire tests.
9.2.3 Fire damper performance

After the seismic tests, one damper out of three was not fully closed. This was due
to the damper’s blade rotation being prevented by a screw used for the damper
installation which, once adjusted, allowed the damper to close completely following the

motion tests.
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9.3 PASSIVE FIRE PROTECTION SYSTEMS AND FEATURES
9.3.1 Balloon framing

From the 1% floor to the 3" floor, the exterior walls are made of EIFS and weather
proof coatings attached to the floors using steel brackets aligned vertically. The interior
side of the exterior walls is made of 5/8 inch thick gypsum board attached to the bracket.
After the seismic tests, about 1 inch gaps were formed following joint areas where the
interior side of the exterior walls (gypsum board) meets the floor, column, ceiling, and
any perpendicular bracing walls on the north and south sides. The east and west sides of
exterior walls where less shear forces are applied thanks to the east-west seismic motion
did not show any significant gaps.

During fire tests, smoke spread through this gap beyond the room of origin was
observed. Figure 8.30 shows soot pattern on the north wall of the LBR above the ceiling
as smoke leaked through the gaps formed on the joint area between the ceiling and the
north wall of the LBR during the LBR-2 fire test. For the LBR-2 fire test when full room
involvement occurred, even flames were intermittently observed from the SBR. In
addition, the empty space between the steel brackets became a channel for the smoke
spread such that smoke came out in the joint area between the exterior walls and concrete
cladding for the 4™ floor where the vertical steel bracket ended. Temperature data in the

joint area are available in Appendix C.3.8.
9.3.2 Structural integrity of gypsum board

Gypsum board is widely used for interior walls. After FB-5 and FB-6, some of the
gypsum boards used in space around elevator shafts and stairwells were detached and fell
off as shown in Figure 6.6. Fallen gypsum boards can delay the evacuation of occupants
and fire fighter’s access by decreasing the exit capacity, and the openings formed by
detachment can be an inlet or outlet of smoke being connected with the channel between
metal or wood studs, decreasing expected fire performance and smoke control attributes.
Especially, the fallen gypsum board in the means of egress such as stairwell can be a

serious fire hazard as it can lead to both smoke spread and decreased exit capacity.

214



CHAPTER 9 SUMMARY PRELIMINARY FINDINGS

9.3.3 Distorted door frame on swinging doors

Doors are intended to provide barriers to the spread of fire and smoke during fire
events. Doors may be normally open or normally closed, and if normally open, may close
automatically upon fire alarm. Both cases were tested.

During FB-5 and FB-6, some of the door frames for swinging doors were
distorted. This meant that in some cases the doors were not able to fully close (those
which were held open during seismic tests) as shown in Figure 5.7, and in other cases
doors were jammed (those which were closed during motion tests). This has implications
for fire control, access and egress. With respect to jamming, this might be a special
concern for steel doors, which if jammed tightly can be difficult to open. With respect to
doors that do not close, the openings formed by not-fully closed doors can be a path of
smoke and fire spread, annulling all separation features for the compartmentation in fire

conditions.
9.3.4 Firestop performance

A variety of firestops were tested at different locations in fire conditions. All
dynamic and truly static firestop systems performed well. However, in earthquake
conditions, some joints that would be static in normal building operation were not static
anymore, and gaps of up to 25mm (1 inch) were observed in some locations, including
the static joint areas where interior side of the exterior wall met column (Figure 5.5),
floor, and ceiling. Firestop sealants applied in these areas were also detached and could
not stop fire and smoke spread through the gap in the joints. Therefore, it may be
necessary to apply dynamic firestop solutions even in the static joint areas in the building

constructed in earthquake zones.
9.3.5 Fire door performance

The roll-down fire door performed well to the motion and fire testing.

215



CHAPTER 9 SUMMARY PRELIMINARY FINDINGS

9.3.6 Intensive care unit (ICU) breakout door performance

In the fourth floor, two smoke proof ICU breakout doors were subjected to the seismic
motion tests. Overall, they performed well in most fixed base tests, but only after FB-5,
one connection joint to the floor of the door facing stairs was displaced and the door was
open which is shown in Figure 6.7. It may be difficult to say that ICU breakout doors
performed poorly as they performed well even in FB-6, which had a stronger motion than

FB-5. Further investigation may need to be conducted in the future.
9.3.7 Effects of open windows and wind on fire development and spread

Due to resource constraints actual glazing (windows, glass fagde) was not able to
be tested. However, window openings were included to test under a range of conditions
(e.g., windows closed in LBR1 and SBR tests, and windows partially or fully opened in
all others).

The first four fire tests were conducted in relatively quiescent environment, with
the first two tests with windows closed, but on the last day, the two fire tests in the
elevator lobby were conducted in the condition of 10~15 mph wind. The weather
conditions throughout the fire tests are available in Table 7.6. Fire test schedule. The
directions of smoke movement and flame angles were affected by wind. Swirling flames
in front of the elevator door were observed and possibly excessive air seemed to
accelerate combustion reaction. As the direction of smoke and fire spread is influenced
by the wind direction, occupants during evacuation and fire fighters conducting
suppression mission in and out of the building can be endangered if they are in the
leeward direction. Wind effect on fire development and its effects on building fire safety

performance need to be further researched.
9.3.8 Effects of metal pipe length on the firestop performance

It was observed that firestop applied to the vertical metal pipe penetration on the
4™ floor were lifted about a few millimeters as the metal pipes were elongated due to

thermal expansion as shown in Figure 9.1.
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Figure 9.1. Lifting of vertical pipe penetration firestop during ES fire test

The firestop was not detached since only top portion of the 4m long pipe was
exposed to the high heat. In conditions such as long horizontal pipes located near the
ceiling where the entire pipe can be exposed to high heat, the thermal expansion could
potentially be significant, depending on the ambient temperature (e.g. sprinklered or
unsprinklered fire), the length of pipe exposed to the elevated temperature, and the pipe
material’s coefficient of thermal expansion. Plastic pipes, if not melted, burned by the fire,
have much higher thermal expansion coefficients than metal and can create greatest
challenges. However, even metal pipes will have notable, measurable expansion over the
length of a room. This can lead to the possibility of firestop sealants applied to the
horizontal penetration being detached due to thermal expansion of metal pipes. At the
other end of the spectrum, there are firestop devices (e.g. pipe collars) that would allow
unlimited movement in the longitudinal direction and would not be impaired by any
amount of movement. ASTM Subcommittee E06.21 is currently in process of developing

a test method to assess the ability of firestop systems to accommodate movement.
9.3.9 Flexible duct

In LBR-2, HVAC louvers on the ceiling were opened such that hot smoke could
leave the room through the HVAC duct. To maintain the fire-rated ceiling assembly,
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proper protection measures were provided to ceiling assemblies including the lighting
and the joint areas of the ducts above ceiling. However, flexible duct between the HVAC
louvers and metal duct were not fire-rated and ruptured during the fire test as shown in
Figure 8.31. Although all other fire-rated assemblies showed a good performance, the
space above ceiling was exposed to hot smoke due to the failure of one item, the flexible
duct. This is a good lesson for fire safety, which shows that just one item failure could

lead to a poor performance of the entire system.
9.4 EGRESS/COMPARTMENTATION SYSTEMS
9.4.1 Detached stairs

After FB-5, the welds connecting the stair to the 2™ floor were broken, and after
FB-6, the welds connecting the stair to the 2" and the 3" floors were broken. In addition,
handrails were broken at the 3™ to 5™ floor landings. The broken handrail at the 4™ floor
is shown in Figure 6.5.

As stairways are the most widely used means of egress components, it is expected
that people will use stairways to evacuate the building in emergency conditions. In
addition fire fighters also use stairways to conduct their rescue and suppression missions
in the building. Unavailability of stairways by earthquake will become a serious
challenge to both fire fighters and occupants, and even more serious if fires following

earthquake occur.
9.4.2 Elevator malfunction

The elevator was not operational after FB-6 due damage to the elevator doors,
which was observed from the 2™ to the 5" floors. The elevator door in th 3™ floor is
shown Figure 5.8. In addition, the fire test EL-1 revealed that fire melted the elevator
button panel which may cause the electrical shorts and make elevator unavailable.

As elevators are required to have a high operational safety condition, damage
such as this can stop the entire elevator system. Since elevators can serve as accessible

means of egress per IBC with appropriate sprinkler system, exit enclosure, smoke proof,
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and alarm and communication systems, maintaining elevator operability is essential. This
is also the case where elevators are used for self-evacuation of occupants.

Also, if elevator doors are failed open on multiple floors, such as with the FB-6
test, smoke spread to non-fire floors through the elevator shaft is highly possible,
especially given the stack effect and buoyancy of hot smoke. In these tests, even the
possibility of fire spread through the elevator shaft is confirmed as the internal gas
temperature was increased up to 300°C as shown in Figure 8.48, which is high enough to

ignite some materials.
9.5 STRUCTURAL INTEGRITY

After FB-6, a serious structural damage occurred in the joint of the middle-north
column and connected east beam in the second floor (Figure 6.1). Due to the repetitive
hinge motion, concrete spalling occurred and the rebar were exposed, which damaged the
load bearing capacity. It was fortunate that this did not occur on the fire test floor, as fire
tests would not likely have been possible. With the loss of concrete cover, the elevated
temperatures from a fire can quickly affect the strength of the steel rebar facilitating

failure. This is a concern that warrants further investigation.
9.6 FIREFIGHTER ACCESS AND OPERATIONS

As noted above, stairs on Floors 2 and 4 became disconnected due to broken welds
and the elevator was not usable after FB-6, and significant structural damage was
observed. Each of these factors presents significant challenges to first responders.

Likewise, if windows are broken, wind-driven fires create additional concerns.
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10 FUTURE WORK

Real-scale experimental studies generally have more test constraints compared to lab-
based tests which may include increased costs, additional set-ups for test apparatus, and
uncontrollable test environments. However, they provide incomparably valuable findings
compared to lab-based tests; all the test specimens and components are installed as they
are in real life, the experimental results can be directly applicable to the relevant practice,
and the holistic performance of individual component can be identified. Especially, the
real-scale fire tests along with earthquake damaged building produce excellent synergy
effects as fire following earthquakes (FFE) is very common and lead to the most
significant life loss and property damages, even more than the earthquake itself. As such,
this BNCS project was very unique and produced valuable test results. At the same time,
the test results also provided researchers, engineers, and practitioners with lessons and
future subjects that they all need to consider further. Here some of these relevant to post-
earthquake fire tests are introduced. More detailed analysis will be conducted with

additional simulations using the current data in the future.

10.1 BUILDING FEATURES (BUILDING SYSTEMS AND BUILDING
ELEMENTS)

Building systems which critically affect building fire safety performance needs to be fully
operational in the building subjected to seismic motion tests. For example, HVAC system
can contribute smoke spread throughout the entire buildings as shown in the MGM Grand
Hotel fire, Las Vegas. If even one system component is not working properly after
earthquake, then the entire HVAC system would not be performing as intended. In the
BNCS projects, due to time schedule and budget limitation, systems subjected to the
seismic and fire tests were not in the full operational status. Other building systems with
additional individual components which are relevant to building fire safety performance
are introduced below.
e In-house emergency backup power system (exit signs, elevator, sprinkler pump,
smoke control system, means of egress illuminations, smoke proof stairwell:

communication system and lighting )
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e HVAC system (fire damper, duct work, air distribution system, control system
interlocked with fire alarm system)

e  Stair pressurization system

e Fire detection, alarm, and notification(or communication), public address system

e Fire sprinkler system with pumps

e Standpipe system

e Clean agent fire suppression system

Along with these system features, general building elements relevant to fire safety

performance are listed below.

e Structural system

e Exterior walls

e Exterior windows

e Interior walls

e Interior doors (wood, steel, fire-rated, etc.)

e Airtight enclosed stairwell and emergency exit door discharge

e Emergency exterior stairs

e Horizontal exits

The seismic performance of these elements varies depending on the building
construction type. For example, interior walls in Type | building will show different
seismic and fire performance compared with the ones from Type V buildings. Likewise,
the structural framing performance and resiliency may vary. Specific seismic ratings or
installation method are also required depending on the local regulations and seismic
characteristics of the site. As shown in the BNCS tests, the ceiling system common in the
East coast in the first floor was damaged more than the ones in the third floor designed
for seismic conditions. Since it is possible to have an intermediate level of earthquake in
non-West coast areas, the building systems and elements typically designed for non-

seismic zones are also worth being subjected to earthquake and fire tests.
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10.2 MEASUREMENT IN FIRE TESTS

The building fire safety performance is determined generally by two methods:
measurements of temperature, heat flux, flow velocity, and pressure and the visual
records of smoke and fire spread. The measurements of these are valuable as actual
values are directly used in fire protection engineering practice in fields. For example,
steel structure temperature of 550 °C is known to be a critical temperature at which only
50% of its strength remains, which fire protection engineers design fire protection
systems to avoid this temperature in steel structure. In the same way, the heat flux of 20
kW/m? at the floor level is known to cause flashover conditions. Visual records of smoke
and fire spread are useful to identify the locations of leaks and smoke movement through
hidden paths.

10.3 TEST BEFORE EARTHQUAKE DAMAGE

To compare the effects of earthquake on building fire safety performance, the best way is
to run the same fire tests before and after the seismic motion tests. By comparing the
measurements and visual records, the level of earthquake effects on fire performance
including failure locations, the peak HRR and room temperature, the temperature of steel

structure can be identified.
10.4 GAS BURNER SYSTEM AND HRR MEASUREMENT

Due to extremely tight time schedule and budget availability, it was not possible to use a
gas burner system, which is much better for controlling the fire size and for measuring
the HRR. Controlling fire size and measuring HRR are useful to estimate more precise
fire phenomena and the responses of building. Particularly, HRR is one of the most

important input values for fire modeling software program.
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10.5 ELECTRICITY FOR DAQ SEPARATE FROM THE BUILDING
ELECTRICITY

In the middle of ES fire test, electricity was gone in a very short time which stopped data
logging in DAQ. The reason for this was unknown, but it is necessary to provide a

separate power source for DAQ.
10.6 MORE MEASUREMENT PROBES

In on-site real-scale fire tests, wind and ambient temperature can affect the temperature
distribution in the compartment, smoke movement, fuel burning rate, and many other
results. Since these factors can-not be controlled, the best way to capture these effects is
to locate more measurement probes in the test environment and analyze the effect of
these factors linking with the measurements. To do that, multiple measurement probes at
the right locations are required.

10.7 REPEATABILITY OF TESTS

Due to the tight test schedule, the beginning of dry season, and availability of local fire
fighters, multiple tests were not possible. However, it is always good to run the same test
multiple times to check the repeatability.
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11 CONCLUSIONS

A series of live fire experiments were carried out in an earthquake-damaged, 5-story test

specimen in order to help evaluate the potential for post-earthquake fire impact on

buildings. Although most of the data regarding fire performance of the test specimen was

limited to systems and configurations on the third floor, and the live fire tests were

limited in number and scope, important data were collected and the following initial

observations are made.

General observations regarding earthquake performance of the specimen, which

could have an impact on fire performance of a building, include:

Ceiling systems on Floor 1 showed progressive damage with increase ground motion
intensity. The potential fire performance concern is loss of compartment integrity and
spread of fire and smoke. (See Chen et al., 2013 and Pantoli et al., 2013 for more
details on these items.)

Contents indicative of residential and laboratory spaces on Floor 2, ranging from
small items such as books, vases and a television set, to larger items such as
bookshelves, storage shelves, and refrigeration units were displaced if not anchored.
The potential fire performance concern is that most of the unanchored items were
distributed on the floor, which would represent a distributed fuel load that is different
that might be anticipated for a non-earthquake-damaged building. (See Chen et al.,
2013 and Pantoli et al., 2013 for more details on these items.)

Some of the magnetic door holders installed on Floor 3 experienced damage during
the motion tests. In one case, the magnetic bond was stronger than the fasteners used
to connect the strike plate to the door, ripping the strike plate off the door. The
potential fire performance concern here is that improperly operating doors might
impede occupant egress and firefighter access.

Some of the doors installed on Floor 3 were not functioning properly after the motion
tests. In some cases doors were not able to close completely because door frames
were distorted and locks were damaged. The potential fire performance concern here
is that smoke and fire could spread through a door, which was designed to be closed
during fire, hindering occupant egress and safety. In another instance, a door on Floor
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3 was jammed closed during a ground motion tests, requiring tools to be used to pry
the door open. The potential fire performance concerns here are that occupants can be
hindered when trying to escape, placing them at risk, and the fire service can be
hindered when undertaking rescue and firefighting operations.

In various locations within the test specimen, including around the elevator shaft on
Floor 3 and within the stairwell on various levels, gypsum wallboard sections became
detached during motion tests. The potential fire concerns are loss of compartment
integrity and spread of fire and smoke, hindering occupants when trying to escape and
placing them at risk, and hindering the fire service when undertaking rescue and
firefighting operations. (See Chen et al., 2013 and Pantoli et al., 2013 for more details
on these items.)

Following the largest ground motions, the stair became detached from the stair
landing and handrails were broken at locations between Floors 2 and 4. The potential
fire performance concerns here are that occupants can be hindered when trying to
escape, placing them at risk, and the fire service can be hindered when undertaking
rescue and firefighting operations. (See Chen et al., 2013 and Pantoli et al., 2013 for
more details on these items.)

Following the largest ground motions, significant spalling occurred on various
concrete beam-column connections on the lower floor, resulting in exposed steel
rebars, degrading the structural load-bearing capacity and fire performance of the
connection and structural system. The potential fire performance concerns here are
that occupants can be hindered when trying to escape, placing them at risk, the fire
service can be hindered when undertaking rescue and firefighting operations, and the
building could be at risk of localized collapse or worse. (See Chen et al., 2013 and
Pantoli et al., 2013 for more details on these items.)

Following the largest ground motions, one intensive care unit breakout door was
detached from the door frame on Floor 4. Since the door provides a smoke barrier, the
potential fire performance concern here is that smoke could spread through the
opening, and occupants, who may be required to be protected in place, might be put at

risk. (See Chen et al., 2013 and Pantoli et al., 2013 for more details on these items.)
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Following the largest ground motions, a rigid steel pipe, representative of a fuel gas
supply line, failed at a connection. Such a failure could lead to release of fuel gas in a
building, if other protective measures are not in place (e.g., shutoff valves).
Corrugated stainless steel tubing (CSST), also representative of a fuel gas supply line,
did not experience such a failure. (See Chen et al., 2013 and Pantoli et al., 2013 for
more details on these items.)

General observations regarding fire performance of the specimen, following the

live fire tests, which could have an impact on fire performance of a building, include:

The automatic sprinkler system functioned well during ground motion tests and
activated as expected during the fire tests on Floor 3.

The firestop systems installed on Floor 3 performed generally well during the motion
tests and to the fire tests, with the exception of the static joint seals which did not
work on those joints which became separated by the ground motion. The potential fire
performance concern is loss of compartment integrity and spread of fire and smoke.
The roll-down steel fire door performed well during the motion tests (no damage, see
Chen et al., 2013 and Pantoli et al., 2013 for more details) and activated as expected
during the fire tests.

Smoke detectors activated as expected during the fire tests.

The fire dampers on Floor 3 performed generally well during the motion tests and fire
tests. Two fire dampers closed completely following each motion test. The third
damper’s blade rotation was prevented by a screw used for damper installation which,
once adjusted, allowed the damper to close completely following the motion tests.
The potential fire performance concern is lack of smoke control, allowing smoke to
spread from one compartment to another.

The non-rated flexible duct melted and ruptured during some of the fire tests. The
potential fire performance concern is lack of smoke control, allowing smoke to spread
from one compartment to another.

Significant gaps opened in several joint areas on Floor 3, as well as between steel
brackets and the balloon framing. The gap between the balloon framing and slab was
up to 10 cm (4 inches) in places (see Chen et al., 2013 and Pantoli et al., 2013 for

more details). The potential fire performance concern is loss of compartment integrity
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and spread of fire and smoke. Smoke leakage was observed during the fire tests in
several locations.

The elevator was non-operable following the largest ground motion because the
elevator doors and frames became distorted on several floors, with openings as large
as 24 cm (9.4 inches) on the third floor. One potential fire performance concern is
loss of compartment integrity and spread of fire and smoke, in this case allowing for
vertical smoke (and fire) spread. The elevator shaft interior temperatures were greatly
increased as smoke and hot gases from the EL1 and EL 2 fires were entrained into the
shaft through the opening on Floor 3. An additional potential fire performance
concern is the loss of elevators for occupant egress and for fire department rescue and
suppression support operations.

A long vertical steel pipe went through thermal expansion under elevated
temperatures during one fire test and the pipe shifted the firestop material that was
applied on the vertical pipe penetration opening. The potential fire performance
concern is lack of intended smoke control, allowing smoke to spread from one
compartment to another.

Depending on the test, flashover conditions were observed, even with relatively small
fuel loads. In some cases the ventilation conditions played a significant role.

Rigid steel fuel gas distribution systems, if damaged due to seismic motion, could
result in additional fuel for post-earthquake fire, if not provided with additional
safeguards (e.g., shutoff valves).

Although it was not possible to test actual windows during these tests, window
openings were provided and tested in various conditions, including completely closed,
partially closed and fully open. In tests where the windows were fully opened, flame
extension was observed, smoke venting was observed, and the test fires were exposed
to wind-driven conditions, which affected the combustion rate, smoke spread and
flame angle direction during the fire tests. The potential fire performance concerns
here are that loss of windows could facilitate floor-to-floor fire spread, and that wind-
driven conditions resulting from loss of windows could result in much different fire
conditions that the building fire protection systems are designed for or the fire

department might expect. This would place occupants and the fire service at risk.
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Again, although most of the data on the fire performance of the test specimen was
limited to systems and configurations on the third floor, and the live fire tests were
limited in number and scope, important data were collected and the following initial
observations are made. Since very few full-scale post-earthquake fire tests have been
conducted to date, more testing is warranted to investigate in more depth the above
situations, to assess the performance of other building constructions, contents and
configurations, and to fill the gap of knowledge on post-earthquake building fire
conditions. Some additional observations for future testing include the following:

e To better assess the potential for vertical fire spread and potential for and the
effects of wind-driven fires, a variety of exterior glazing systems and window
configurations should be tested.

e Post-earthquake fire experiments should be performed on a myriad of
construction types as the code requirements, construction material and style vary
across different regions. Test specimens utilizing lightweight steel construction,
lightweight engineered wood construction, steel framed construction and
combinations of construction (framing, interior and facade) systems should be
tested. Multiple ceiling systems and components should be tested. Multiple
door/frame systems, closers and hold-open devices should be tested.

e To best mimic real life conditions, it is important to have fully operating building
and fire protection systems, including a fully functioning HVAC system.

e Measurements of the heat flux, flow velocity, temperature, pressure and visual
records of smoke and fire spread should be collected directly during the fire tests.
This will provide more data on building performance and can be helpful in
simulation or performance.

e Instead of a fuel pan, a gas burner system should be used which allows for
controlling the fire size and for measuring the HRR. This will allow more flexible
test schemes, and larger and longer fires, which can be stopped as needed if the
potential for structural damage exists.

e Any data acquisition, instrumentation and sensors should be powered separately
from that of the test building as building electrical wires are prone to melting

during the fire tests.
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Two sets of tests should be conducted on the same building conditions at the pre-
and post-earthquake damaged state. Where possible, laboratory pre- and post-
damage testing of representative configurations will help to yield additional data.
Tests should be repeated under the same testing environment for a more reliable
set of test data.

Tests should be repeated under a range of test environments (e.g., relative

humidity, temperature and wind speeds) for a broader data set.
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A FIRE SYSTEM SPECIFICATIONS

A.l SPRINKLER SYSTEM SPECIFICATIONS

A.1l.1 TY3131and TY3231 K-5.6 Quick Response Upright and Pendent Sprinklers

tyco

Fire Suppression
& Building Products

Technical Services #00-381-8312 | +1-401-781-8220
www.tyco-fire. com

SC"’OS TY"FRB = 2'8, 4.2, 5-6’ and 8.0 K'Factaf
Upright, Pendent, and Recessed Pendent Sprinklers
Quick Response, Standard Coverage

Corrosion-resistant coatings, where

Genera' applicable, are utdized to extend the

Iife of copper alloy sprinklers bayond

D escr iption that which would otherwise ba obtaned
T jas TY-FRB. 2.8. 4.2.5.6. when exposed to corrosive atmo- 1 o
190 TYO Sarige TV RS, 2.8, 4.2, 50 sphares. Although comresion-resistant 1 ‘V

and 8.0 K-factor, Upright and Pendent
Sprinklers dascribad n this data sheet
ara Quick responsse, standard coverage,
decorative 3 mm glass bulb-type spray
sprinklers designed for use in light or
ordinary hazard, commercial occupan-
cies such as banks, hotels. and shop-
ping malla.

The recessed version of tha Senes TY.
FREB Pandent Sprinklar, whers appica-
ble, is intended for use in areas with a
finished cailing. This recessed pendent
sprinkiar usas onae of the following,

* A two-place Style 10 (1/2 inch NPT)
or Styte 40 (34 inch NPT) Recessed
Escutcheon with 1/2 inch (12,7 mm) of
racassed adjustmant or up to 34 inch
{191 mm) of total adjustrmeant from the
flush pendent position, or a

* A two-place Style 20 (1/2 inch NPT)
or Styda 30 (344 inch NPT) Recessed
Escutoheon with 174 inch (6,4 mmj of
rocessed adjustment or up to 1/2 inch
(12,7 mem) of total adjustrmant from tha

coated sprinklers have passed the
standard corrosion tests of the appli-
cable approval agencies, the testing is
not rapresantative of ak possibie cor-
rosive atmosphares. Consequently,
it is recommendead that the end user
be consulted with respact 1o the sut-
abllity of these coatings for ary given
cortosive envircnment. The effects of
ambient temperature, concentration of
chemicals, and gas/chemical velocity,
should be considered, as a minimurm,
wmlong with the corrosive nature of the
chamical to which the sprinklors will be
axposed

An intermediate level of the Senes TY-
FRB Pendent Sprinklers is dataded
In Technica! Data Sheet TFP356, and
Sprinkler Guards ara detaded in Tech-
nical Data Sheet TFP780.

The Seres TY-FRE Concasled Pandant
Sprnklers described herain must be

l

Model/Sprinkler

flush pandent position. installed and mamtained in complionce i@ MEIfication
The adjustment provided by the — With this documant and with tha appli-
Racessad Escutcheon reduces tha :g:: :?G’WA s ?’(}3’9 NO;;’;:’ "rg Nl.""bef {3’")
1 clion Association, in ition
Acauracy 10 which the fxed Dipe drop: | o o e of aeny et Bier hav TY1531: Upright  2.8K, 1/2° NPT
10 the sprinklers must be cut . vig e
Wwirlsaiction, Failurs to do 5o may impak TY1231:  Pendent  2.BK, 1/2°NPT
the performance of thase devices. 22131: gpnghl :gK 1/2' :g‘rr
Ownaﬂ(s are responsible for maintaining ryan,?;: u;',“::\r‘“ 5};%: :g NPT
B o ts  TY3231: Pendent 5.6K, 1/2° NPT
IMPORTANT installing contractor o sornkles manu.  TY4131:  Upright  8.0K, 34" NPT
Aways refer to Technics! Dsts facturer should be contacted with any 1 Y4231 Pendent  8.0K, 3/4" NPT
Sheet n:p?m for the "INSTALLER questions TY4831: Upright* 80K, /2" NPT
WARNING" that provides cautions TY4931: Pendent® 80K, 1/2° NPT
with raspect to handing and
instaflation of sprinkler systerms and
componants, Improper hanaling and
instaliation can permanently dansge
a sprinkler sysfem or its components
and cause the spnnker to fal to
oparate in & five sifuation or cause It
10 cpevale prevoafurely TR Thrriaptern Sen Ordy
Page 1 of 10 JULY 2010 TFP171
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TFP1TH
Page 2 of 10
7HE 111 mmy ESCUTCHEON STYLE 100r 20
ssu MAKE. ESeUTOHED
L N ] N
DEFLECTOR |
e* \ I|
{

— ]
\J 16" T J
4 11,1 mmy | =

NOMINAL (57 2 men} — 1.1
z2——F MAKE-N Y
3 2-316°
s58mm) | | \
i~ | [ |
1
P T
e 27E (T3 0mm DIA
CROSS SECTION UPRIGHT RECESSED PENDENT
1 -Frams 4 ﬁm' ¢-Bk 9 - Dvflecciry * Tt raling o ofontod on dollockor of wiecont to
2 - Fufton E o - Compramean ahen neat an bane
Soew
FIGURE 1

QUICK RESPONSE SERIES TY-FRB
28

UPRIGHT (TY1131) AND PENDENT (TY1231) SPRINKLERS
K-FACTOR, 1/2 INCH NPT

78 11,1 mmy ESCUTCHEON STYLE 10 or 20
a5y NORNAL RECESSED
DEFLECTCR MAKE-IN ESCU];WEON
o* 2 {
' i —
5 — e v ]
{11,1 mmy ,
4 NOMINAL }
. MAKEIN [
& 2-3/16° >
A 558mm) | s %  WRENCH ) |
2 ] T =} Fws B,
. o ! i r
12" NPT — QT (T30 mm) DIA, e
CROSS SECTION UPRIGHT PENDENT RECESSED PENDENT
i * gm0 W] 0 Dot * Temperatinm (oteg i Kdicalag on delbokr of aRecent o
2- Button h ‘:mu--u- onfics el o fno
Daewy

QUICK RESPONSE SERIES TY-FRB UPRIGHT (TY2131) AND PENDENT (TY2231) SPRINKLERS

FIGURE 2
4.2 K-FACTOR, 1/2 INCH NPT
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TFP1T1
Page 3 of 10

746 111 mmy ESCUTCHEON

K-FACTOR, 1/2 INCH NPT

RECESSED PENDENT
MRAi 4 :-::'?m 8 A= Deliocry * Tostrgn oo palieeg bs indcadod oo deflecior o wdiooin %o
2 - Bty » B- ;'"m Erhon anat oo frame
cHow
FIGURE 3

QUICK RESPONSE SERIES TY-F:: UPRIGHT (TY3131) AND PENDENT (TY3231) SPRINKLERS

STYLE 10 o¢ 20

(

0

o 2-7/8" (73,0 mm} DIA

1/2* (127 mm) ESCUTCHEON

NORATAL sakd
MAKE-IN 3';1 SURFACE
|

1-216°
9.7 mm}

! 1
559 DEFLECTOR Y
CROSS SECTION UPRIGHT PENDENT

1 Frase 3 - Besng 4 Buy 6 Detoch

Asziramd
2 Buthon . & - Compiaasian 0 B0w s of Faine
Serew

FIGURE 4

8.0 K-FACTOR, 3/4 INCH NPT

* Temper aturo rafng i v asted on detlectin or admcon! %o

QUICK RESPONSE SERIES TY-FRB UPRIGHT (TY4131) AND PENDENT (TY4231) SPRINKLERS

-7 (730 mm) DIA, —
RECESSED PENDENT
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TFPITH
Page 4 of 10
7HE" (11,1 mm)
DEFLECTOR
34
3 = r
8 93 7ie S
{111 mmj J 2
4 NOMINAL } (572 mm)
i MAXE-N ||
2 ne* ; 1-216*
2.3M18
3 155,6 mmy 1‘ (32.7 mm)
5 . S I
o w2 nm DEFLECTOR
SECTION UPRIGHT PENDENT
; » :}:‘:, ok :(::::'V 1 S‘w 0 - Dotinctor ) ‘T‘:a::;.x::‘.::;": b on dofleclor o adicen! %o
Scew
FIGURE 5
QUICK RESPONSE SERIES TY-FRB UPRIGHT (TY4831) AND PENDENT (TY4931) SPRINKLERS
K-FACTOR, 1/2 INCH NPT

Technical
Data

pprovals
UL and C-LAL Listed
FM, LPCB, and NYC Approved
Refar to Table A and B for complate
approval information including
corrozion-resistant status,

Maximum Working Pressure
Retarto Table C

Discharge Coefficient

K=28 GPM/psi'? 40,3 LPM/ban®)
Ked,2 GPM/psit? (50,5 LPM/bar'?)
K=5.6 GPM/pai'? (80,6 LPM/bar'¥)
K=8.0 GPM/paii? (1152 LPMW/bart?)

Temperature Rating
Refer to Table A and B,

Finishes

Sprinkler: Reder to Table Aand B
Recasaed Eacutcheon: White Coated,
Chrome Plated, or Brass Plated.

Phyak:al Chanmdma
Frame . .., Bronze
Butten . Brass/Co par
Sealing Asaembty . Beryllium
N-cke( w/Tefion?
Bulb ..... veeeGlass
Compression Screw, . Bronze
Deflector, .....,.... Coppcr/Brcﬂxe
Bushing (K=2.8} “ , Bronze

TG ot Thadumasn of Evood

Operation

The glass Bulb contains a fiuid that
expands when exposed to heat When
the rated temperature is reached, the
fuid expands sufficiently to shatter the
glass Bulb, aliowing the sprinkler to
activate and water to fow.

-

Design

- -
Criteria
The TYCO Seres TY-FR8 Pendent
and Upright Sprinklers are intended
for fire profection systems designed in
accordance with the dard instalia-
tion rules recognized by the applicable
Listing ar Approval agency (such as, UL
Listing is basad on the requirements of
NFPA 13, and FM Appreval i based on
the requirements of FM's Loss Preven-
tion Data Sheets). Only the Styke 10,
20, 30, ar 40 Recessed Esgutcheon, as
applicable, 18 10 ba used for recessed
pendent installations.

Installation

The TYCO Series TY-FAB Sprinklers
must be instalied In accordance with
the fallowing instructions.

Do nat install any bulb-type sprinkiar iIf
the buld k& cracked or thers k& & loss
of tiquid from the bulb. Vith the sporin-
dar hald honzontally, & smal alr bub-
ble should be present, The diamater
of the alr bubbis is approximstely 116

235

inch (1,6 mm) for the 135°F/57°C and
3132 inch (2.4 mm) for the 286°F141°C
termperature ratings.

Obtain & lak-tight 1/2 inch NFT sprin-
ier joint by ng @ minimum fo
maximum torque of 7 to 14 fLibs. (9.5
to 19,0 Nm), Higher levels of forgue
can distart the sponkler infef with con-
sequent leakage or impaiment of the
sprinkier,

Do not at { o h
insufficient ad,us?mnf inthe Eswrch-
eon Plate by under- or ovev-tightening
the sprinkier. Re-sdiust the position of
the sprinkler fitting 1o sul,

The Seres TY-FRB Pendent and
Upright Sprinkiers must be installed
In accordance with the folowing
instructions.

1. Install Pendent sprinklers in the
pendent position. Install upright
sprinklers in the upright position

2. With pipe-thread sealant applied to
the pipe threads. hand-tighten the
spvinkler into the aprinkler fitting.

3, Tighten the sprinkler nto the sprin-
kier fitting using only the W-Type 6
Sprinkler Wrench (Figure 14). With
relerence to Figures 1 through
5, apply the W-Type 6 Sprinkler
\‘Vrench 1o the sprinkler wrench

ats.
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TFPAT1
Page 5 of 10
SPRINKLER FINISH {See Note 5}
K BULE LIQUID NATURAL CHROME WHITE***
FACTOR YYPE TEMPERATURE COLOR BRASS PLATED POLYESTER
135°FA7°C Orange
F;%';f;a"‘,' 155°F/68°C Bed
and 178 F79°C Yolow 1,234
Urf;!::::ﬁ,]' 200°FRI'C Grasn
286°F141°C Bus
REOERGED 135°FAT'C Crarge
a8 o %
wvoiner | PENDENT 1857 FI65°C fod
(;_’Vo:";‘i'{ TSFTRC Yalow
200°F3C Girasn 154
125'F87°C Crange ~
BrCEsy SRR T Pad
( fﬂvg‘“ﬁ';’ 75 F79°C Yalow
200°F93°C Greon
135°F57°C Orarmge
';;;‘gg:)' 155°F8°C Fed
and 178 F7eC Yolow
mﬁ; 200°F83°C Green
286°F141°C Bua
135°FS7°C Crangs
vorder | Penoent | 1S Fesc Ped 12
"nmfz‘ 1T5FATC Yelow
200°F93°C Green
125'FATC Crange
oy e BT Ped
ﬂﬁ":ﬁ';' 175F/79°C Yalow
200°F93°C Greon
NOTES:
T Lot by Unicher viritiors L uborsatones, e, B0 s Quck Flasporme Spookles
2 Lot by Uniddor virdwes Lsboratones, e, for s o Canads £ L) ax Cuack Hosponss Sponkimm
A Appeoved by Factory Mutoal Flos s o Corponation FM) as Ousck Respoise Sprioklors
4 Approved by the City of New York ander MEA 354 .01 E
5 M:fw Pdwya' Qc;d%ﬁp'::hu are notid tobe UL and € UL Listed, the sgeinkdons are LE wnd C-LIL Listod
s Corrosant-Hasastant Sponidees
* Inatallad with Styie 10 {1/2° NPT) or Style 40 {34 NPT} 249" Total Adpistment Recesses Escutchaon, as appicable
** nstaled with Style 20 (1227 NPT) or Styss 30 (3447 NPT) 1727 Total Adjustiment Recsssad Escutcheon a2 applicable.
*™ Frame and Deflector only. Listings and approvals apply to color (Special Ovder}
NA Not Avaiabyle
TABLE A
LABORATORY LISTINGS AND APPROVALS FOR
28 AND 4.2 K-FACTOR SPRINKLERS
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TFP1TH
Page 6 of 10

SPRINKLER FINISH (See Note &
facton | TYPE [ Tempenatune | BUGRITRAD | MEEUREY | PiATED | eotvestem | coten
135 FI57°C Orangs
vasan |_tssreec Red
and 175°E79°C Yahaw 1.2.5,4.5.8 7 1,235
%’%?;} 200 F/93°C Groan
285 F1141°C [
135°F57 C Grange
RECESSED [ 155768°C Aed
v | sy [ms¥rec Nalkiw 1.2.4,5 WA
Wure 10 200°F/03°C Giraan
266 F1141°C Blus
135 FI5T°C Drarae
RECESSED [ 135 Fes8 G Red
rsosne [_1rsFmec Yetow 1,2,3.4,5 A
Figure 11 200°7/83°C Grasn
266 F141°C Blus
135 FI5T°C Crange
"(f.v"fg,‘,' 155 F68°C Fod
and 75 F/79°C Yolow 1.2,44.567 123
“‘{’\‘.‘"‘}3’3 200 F93C Grasn
266 FAA1°C Blus
135°FI57°C Orange
Recessen [ 155 Fmac Aod
.. 7{&%:‘,’ T8 FIT9C Valiaw 1,25 NiA
Frgure 12 200°F93°C Groan
206°F141°C Blue
135°F/57°C Orange
RECESSED | 155F88°C Red
r‘;Ev':ng:}‘l 175 FTaC Yalaw 1,235 A
Figure 13 200°F83°C Groan
286°FM41°C Blue
oEDENT |G Drangs
ii TVADRY) 165 F8°C Red
o L and TEFIRC Yolow 1,2,4.5.6 12.5
UPRIGHT 200'F/93°C Grean
(TY4831)
286 FIA1'C Blus

NOTES:

Lested by Underwrders Laboratones, o, (UL as Gusck Hosponse Sprnsders,

2 Listed by Undes wrters Laboratonies, ¥, for use i Canada (C-UL) as Quck Bespores Sprnkiers

3 Apgroend by Fackary Mutusl Hassmch Gorpetabion (FM) as Cuick Hasponss Spnnkdees

A Approved by B Loss Prevention Certidcaton Boand £ PO et Mo 007k 040 as Cunck Hosponse Sprinkders oy, UPCIS doos ref rate
1he Bt sunsileeily ul socessed sperdions.

8. Appeovod by e City of New Yok ander MEA 354 01-E

6. VIS Appe avod (For detals, contact Teoo Fie Suppeession & Busldng Products, Enschese, Meherlmuds. Tel. 31 53 428 4444F ux
S1-5)-azE-5307)

T Apgroved by fw Loss Prsvsnhon Certibciton Boord £PCE Ret. No 004,06 ax Cuack Bespores Spenkden:

& Wheno Poiyester Comted and Lnmd Costed Spembders ars nobed 1o Be UL and C-LA Limbod, (e sgrorkbons srs LI wnd C-UIL Listed
eh Corromun: Aaststant Sponkives. W Losd- Coutid Sprickiurs s noted to bo FIM Appeoved, the speedlon: are FM Acgeovod
a5 0 Corosion Beesstart Sprekbs

" ingtalled with Style 10{1/2° NPT) or Style 40 (2/4" NPT) 2/4" Totad Adsemant Racessed Escutchson, as appicabie

= Instakad with Style 20 (1/27 NPT) or Styse 30 {3447 NPT) 172" Total Aguatment Recatsed Escuicheon a2 spplicable

*** Frama and Daflector ondy. Lisangs and spprovats apply to color Specikd Ordert

NA Not Swadiddo

TABLE B
LABORATORY LISTINGS AND APPROVALS FOR
5.6 AND 8.0 K-FACTOR SPRINKLERS
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TFPITH
Page 7 of 10

SPRINKLER FINISH
X TYPE NATURAL |  CHROME WHITE LEAD
FACTOR BRASS PLATED | poLYESTER | cOATED
PENDENT (TY1231)
A
o UPRIGHT (TY$131)
U NET 175 FSI1 (12,1 BAR) R/A
RECESSED
PENDENT {TY1231}
PENDENT (T2231)
u
3 UPRIGHT (T¥2131)
T 175 PSI 12,1 BAR) WA
RECESSED
FENDENT (TY2231)
PENDENT (TY3231) PR
a
{121 BAR)
UPRIGHT (TY3131} 250 P51 (17,2 BAR) ‘
iRt OR 175 PSI {125 BAR)
RECESSED FER NCTEC A
PENDENT (TY3231) g
PENDENT {TY4231) e
UPRIGHT (TYA131) 121 BARY
8.0 175 #51 (12,1 BAR)
34" NET :
RECESSED i
PENDENT (TY4231)
PENDENT (TY4831)
8.0 175 28
and 175 P8I (12,1 BAR}
VZINPT | ypRiGHT (Tysa3y) flar8on
NOTES:

1. The maxamum wotkirg pressuee of 260 pal {17.2 D) only sppdies %0 the Listing by Underwiters Laboratones inc. (ULY the
Losng by Undemwrdsrs Cabonalones, e, for wse ot Candi (C A1) ard, the

read Lry e Gty ot New Yok

TABLE C
MAXIMUM WORKING PRESSURE
The Series TY-FAB Recessed Pendent Exercise care to wwoid damage lo
Sprinkiers must be installed in accor- car e and speinkiers before, durng. and after
dance with the folowing instructions. Ma 'menance iratalation, Never pant. plate, coat,

1

After installing the Style 10. 20, 30,
or 40 Mounting Plate, as applica-
ble, over the sprinkler threads and
with pipe-thread sealant applied to
the pipe threads, hand-tighten the
aprinkler into the sprinkiar fitting

. Tighten the sprinkler nto the aprin-

kier fitting using anly the W-Typa 7
Recessed Sprinkler Wrench (Fig-
ure 15) With referencs to Figures 1
to 4, apply the W-Type 7 Recessad
Sprinkler Wranch to the sprinkler
wrench fiata,

. Alter ceding Installation and finish-

ing. sfide on the Style 10, 20, 30, or
40 Closure over the Senes TY-FRB
Sprinkler and push the Closure over
the Mounting Plate untf its fange
comes in contact with the calling

The TYCO Sarles TY-FRB must be
maintainad and serviced In accordance
with the following instructions

Bafore closing a fire protection system
main control vahe for maintenance
work on the fire protection system
that & controls, obtaln permission fo
shut down the affected fire protection
systems from the proper authonties
and notify al personnal whe may be
affected by this action.

Absence of the outer piece of an
escutcheon, which is used to cover
a clearance hole, can delay sprinkier
aperation in a fire situation,

238

or otherwise alter automatic sprinkiers
after thay lagve the factory.

Replace sprinkiers that!

were modified or over-heated

were damagead by dropping, striking,

wrench twisting, wrench sippage, or

the like,

* are jeaking or exhibding visible signs
of corrosion

¢ were exposed to corrosive products
of combustion but have not oper-
ated, if you cannot easily remove
combustion by-products with a cloth,

hawve a cracked bulo or have lost lig-
ukd from the bulb. Reder to the Instal-
lation saction In this cata sheet.
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TFPITH
Page 8 of 10
2.9/:2" DA 278" Dl
) w ) ? y
sty g 4" 191 o) srastiee e 172" (127 o
(15,8264 mm} o YDA 144* 16,4 mm) 112,732 mm| _ 2-4/4° DIA 1/4* (5.2 men)
FACE OF 7.2 mm) || mounTiG meeor | [
SFRINKLER _ PLATE SPRINKLER
FITTING ol FITTING
/ 13" /
13,2 mm) I
' =
- 779
\ TU— MOUNTING
MOUNTNG SURFACE
SURFACE I |
CLOSURE SERES ‘_f{m. ‘39_'31'1' CLOSURE
TY-FRB 13M6° (20,6 men) TY-FRE 1-1116° (27.0 mm)

FIGURE 6
SERIES TY-FRB RECESSED PENDENT
WITH TWO-PIECE 3/4 INCH TOTAL ADJUSTMENT
STYLE 10 RECESSED ESCUTCHEON
2.8 K-FACTOR, 1/2 INCH NPT

FIGURE 7
SERIES TY-FRB RECESSED PENDENT
WITH TWO-PIECE 1/2 INCH TOTAL ADJUSTMENT
STYLE 20 RECESSED ESCUTCHEON
2.8 K-FACTOR, 1/2 INCH NPT

278 DIA
5/8214* 78,0 ) (18,1 )
{15926,4 mm| | 2_;“. DA S 1/M4* {54 mm)
FACE CF w72 o} ‘ MOUNTING
T L
/ / 18
‘r ! 4 B32mmy
|  m |
\ d ——
MOUNTING O /’
SURFAGE :
~ SERES 1-1/4* (31 8.mm)
CLOSURE TY-FRS 3@ (19 mm)

FIGURE 8
SERIES TY-FR8 RECESSED PENDENT
WITH TWO-PIECE 3/4 INCH TOTAL ADJUSTMENT
STYLE 10 RECESSED ES

_ 27" DIA
ot {73.0 men; 12" (42,7 mm)
12.723.2 mm) 2-144* DA 144" 6,4 menj
meEoe | [oo B72mm MOUNTRIG
SPRINKLER _— PLATE
FITTING 1
| | 18"
] ! 13,2 mem)
| 1
t (R
MOUNTING |
SURFACE
: 1
/ SERES 1-1/4* {31,8 mm)
CLOSURE oS o,
FIGURE 9

SERIES TY-FRB RECESSED PENDENT
WITH TWO-PIECE 1/2 INCH TOTAL ADJUSTMENT
STYLE 20 RECESSED ESCUTCHEON

CUTCHE
4.2 K-FACTOR, 1/2 INCH NPT

4.2 K-FACTOR, 1/2 INCH NPT

Initial and frequent visual inspactions of
random sampkes are recommended for
corrosion-resistant eprinkiers to verlly
the intagrity of the corrosion-resistant
materlal of construction, Thareafter,
m Inspections per NFPA 26 should

Inspections of corrosion-resistant
sprinklers are recommended at cloae
range, Instaad of from the floor level
per NFPA. Inspection at closa range
can battar determine the exact sprin-
kiler condition and the long-term nteg-
rity of the corrosion-resstant material,
which can be affectad by the cormosive
concitions present,

Respensivilty like with the owner for
the inspection. testing, and mamnte-
nance of their fire protection systam
and devices In complance with this
document, as well as with the appli-
cable standards of the National
Progection Association {for example,
NFPA 25), In addition to the standards
of any other authonties having jurscic-
tion Contact the nstalling contractor or
aprinkler manufacturer regarding any
questions,

Automatic sprinkler systems ame rec-
ommended to be ingpected, teated,
and malntained by a qualified Inspec-
tion Service in accordance with local
requirements andior national codes.

239

Care must be axarciead to avoid dam-
age to the sprinklers -befora, during,
and aftar installation, Sprinklers dam-
aged by dropping, striking, wrench
twist/slippage, or the like, must be
replaced, Also, replace any sprinkler
that has a cracked bulb or that has lost
liquid from its bulb, {Ref instakation
Section},

Initial and frequen visual inspections of
random sampies are recommanded for
corrosion-resistant sprinklers to verify
the integrity of the corrosion-resistant
material of construction, Thereafter,
annual inspections per NFPA 25 should
suffice.
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FIGURE 10
SERIES TY-FRB RECESSED PENDENT
WITH TWO-PIECE 3/4 INCH TOTAL ADJUSTMENT
STYLE 10 RECESSED ESCUTCHEON
5.6 K-FACTOR, 1/2 INCH NPT

FIGURE 11
SERIES TY-FRB RECESSED PENDENT
WITH TWO-PIECE 1/2 INCH TOTAL ADJUSTMENT
STYLE 20 RECESSED ESCUTCHEON
5.6 K-FACTOR, 1/2 INCH NPT

T RsAmm

27@0A
BE 1t l- WaR. o Bl N
T 115,846 4 o) 214" DIA 14° 18,4 mmy
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FACE OF Aot T MOUNTING
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| 32mmy |
i 1| !
S/ . 1
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MOUNTING
SURFACE 4‘
CLOSURE SERIES 1-5/16" 333 mmyl
TYFR2 13418° 1206 mmy)
FIGURE 12

SERIES TY-FR8 RECESSED PENDENT
WITH TWO-PIECE 3/4 INCH TOTAL ADJUSTMENT
STYLE #0 RECESSED ESCUTCHEON

1/2=10*

FACE OF
SPRINKLER
FITTING

o
" MOUNTING
SURFACE

CLOSURE

T 127232 e

SERIES

TY.FrE 116" 27,0 mm)|
FIGURE 13

SERIES TY-FRB RECESSED PENDENT
WITH TWO-PIECE 1/2 INCH TOTAL ADJUSTMENT
STYLE 30 RECESSED ESCUTCHEON

2.7:8" DA -
(730 mm) 12 {12.7 mmy
2-14° D 47484 i)
572 mm) ‘1 e
——— PUATE
18
3.2 mmy
p——f ——1
rh |
[} |
.|

1-5/18" (33,3 mm}

8.0 K-FACTOR, 3/4 INCH NPT 8.0 K-FACTOR, 3/4 INCH NPT
Inspections  of corrosion-resistant
sprinklers are recommended at close WRENCH
rangei:gistead of from the floor level RECESS
per NFPA_ Inspection at close range RENG /
can better determine the exact sprin- (ZNO . A.':JZESEFSOSR

kier condition and the long-term integ-
rity of the comosion-resistant mataral

12" NPT MOOELS)

which can be affacted by the corrosive
conditions present.

WRENCH RECESS
{END 8" USED FOR
2M" NPT MODELS)

ENSURE ENGAGEMENT WiTH
FIGURE 14 SPRINKLER WRENGHING AREA
W-TYPE 6 SPRINKLER FIGURE 15
WRENCH W-TYPE 7 RECESSED
SPRINKLER WRENCH

PUSH WRENCH IN TO

240



APPENDIX A. FIRE SYSTEM SPECIFICATIONS

TFP1TH
Page 10 of 10
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e
Y42
Y4831 * Eastern Hemizphere sales only
TYAB3 1
TABLE D
PART NUMBER SELECTION

SERIES TY-FRB PENDENT AND UPRIGHT SPRINKLERS

Limited
Warranty

Products manufactured by Tyco Fire
Suppression & Building Products
(TFS8P} are warranted solely to the
original Buyer for ten (10) years against
degccu In material and workmarnship
when paid for and properly installed
and maintained under normal use and
service. This warranty will expire ten
(10) years from date of shpment by
TFSBP. No warranty is given for prod-
ucts or components manufactured by
companies not affiliated by awnership
with TFS8P or for products and com-
ponents which have been subject 1o
misuse, improper Installation, como-
sion, or which have not been installed.
maintained, modified or repaired in
accordance with icable Standarda
of the National Fire Protection Associa-
tion, andior the standards of ary other
Authorities Having Jurisdiction. Mate-
rials found by TFSBP to be defective
shall be either repaired or replaced, at
TFSBP's sclé option. TFS8P naither
assumes, nor authorizes any person
to assume for it, any other obkgation in
connection with the sale of products or
parts of products. TFSBP shall not be

responelble for sprinkier system design
errors of imaccurate or incompiele infor-
mation suppied by Buyer or Buyers
representatives,

In no event shall TFSBP be liable, n
contract, tort, strict Eability or under
any other gal theary, for Incidental,
Indirect, special or consequential dam-
ages, Including but not Imited to labor
charges, less of whether TFSBEP
was Informed about the posaiblkty of
such damages. and in no event shall
TFSBP's liability exceed an amount
equal to the agkes price.

Tha foragong wamanty s made In lley
of any and al gther warmanties, express
orimplied, nchiding warantes of mer-
chantability and fitness for @ paricular

This Imited warranty sets forth the
exclusive remedy for claims based on
failure of or defact in ucts. materi-
als or componants, ther the clam is
made in contract, tart. strict iability or

any ather legal theory,
This warranty will apply to the i
extent permittad by lav. The invaldity,

in whaole or part, of any portion of this
warranty wil not affect the remainder,

Ordering
Procedure

Contact your lccal distibutor for
availablity When placing an order,
indicate the full product name and Part
Numnber (PN}

Sprinkler Assemblies with NPT
Thread Connections

Specify. (Specify Model/SIN), Quick
Response, (specify K-factor), (apecify
temperature rating. Series TY-FRB
(specity Pendent or Upright} Sprinkiar
with (specily type of finish of coating),
P/N {specify from Table Dj.

Recessed Escutcheon:

Specify. Style (10, 20, 30, or 40)
Recessed Escutcheon with (specify”)
finksh, P/N {specify™)

Sprinkler Wrench
Specify W-Type 6 Sprinkiar Wranch
P/N 56-000-6-387

Specily. W-Type 7 Sprinkier Wrench
P/N 56-850-4-D01

* Aeder 1o Technical Dotz Sheet TFPZTD

Copyright © 2007-2010 Tyco Fire Suppression & Building Products. All rights reserved.
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A.l2 TY 2524 K-4.9 Residential Concealed Pendent Sprinkler

tyco

Technical Services

800-361-9212
«1-401-781-8220
www.tyco-fre.com

RAPID RESPONSE Series LFll Residential Sprinklers
4.9 K-factor Flat-Plate Concealed Pendent
Wet Pipe and Dry Pipe Systems

General

Description

The TYCO RAPID RESPONSE Senes
LFN Hesadental Flat-Plate Concealed
Prenicent Sprankbers (T Y2524) are decoes-
tve, last reeponse, fusible solder sprin-
Klers desigred foc use m residentsal oc-
cupancies such as homes, apat trsents,
dormitones, and hotels.

The Cower PlakesBetamesr Asseenbly con-
ceds the sprinkier operaling compo-
nents above the cafing, The Bat profle
of the Cover Plate provdes the opimum
aesthescally sppealing sprinkder design.
Addibonally, the concesfied daskgn of the
Serms LFIl Residental Flat-Fate Con-
cosbed Pendent Spanklers prowdes 1/2
nch (12,8 men) ver ical adustment, This
adjustment provides a measure of flex-
ibikty when cutting Sxed spinkder drops
The Senes LFN Aesadental Flat-Plate
Caoncealed Pendent Sprinkless are in-
tonded for use in the follovang systomes:

e voot and dry pipo tessdonbial spon
Kar systenmis for one- and tao-tam-
ity dwelings and mobile homes per
NFPA 1302

o wel and dey pipe tessdential spein-
Kler systems for residential ocou-
pancies up 1o and mcksdng four sto-
ties in hesght per NFPA 13R

o wet and dry pipe sprnkles systems
tor the residentsal portions of any
occupancy pes NFPA 135,

The Series LEI Fesidential Spankders
have been designed with heat sanstiv-
ity and water distnbugon charactenshes
proven 1o hedo i the control of resaden -

IMPORTANT

Alwvays refer o Technical Data
Sheat TFP700 for the “INSTALLER
WARNING™ thal prowdes caulions
w:m)e?ecl 1o handing and instai-
{ation of spnnkier systams and com-
panents, frpvoper handiing and in
stallation can permanentfy damage
& SpIkiar systent Or is ComponeTis
and cayse the spyakker to fad to
operale 7 a fre sifuation or cause 3
o operate prematurely.

Page 1 of 6

hal fees and to mmgrove the chance foe
ocoupants 1o escape of be evacuated

The Senes LEIL Resdential Bat-Plate
Concealed Pendent Sprinklers am
shippad with a Dispasable Protectve
Cap. The Protactive Cap protects the
sprmkler dunng ceailing mstallaton o
finish. After ceihng installation is com-
plete, the Protective Cap is removed
and the Cover Plate/Petainar Assem-
bly is installed. Bemoving the Protec-
tve Cap s requared lor proper sprinkles
performance

Dry Pipe System Application

The Sones LFIl Residontial Flat-Plate
Concealed Pendent Spankder offers &
labaratory appeaved option for dessgn-
g dry pipe residental spankler sys-
tems, whereas, most residential sprn
klers are laboratory approved for wel
systems only

Theough extensive testng and as 1ef-
erenced inl S Patent 7,712,543, 1t has
boon deteermined fiat the number of do-
sign sprnklors thydraube design area)
for the Senes LRI Resadential Flat-Plate
Concesabed Speinkders (TY2524) need nol
be increasad over the number of design
spemklers fhydraulc design ares) spea-
e Tor wel pope speinkier systems, as
15 customary for density/area sponkies
systcans designed per NFPA 13, 13D,
or 13R.

Consequently, the Seres LFN Resaden-
bal Flat-Piate Conceded Sprinklers
(TY2524) offes the features of non-vwa-
test Tileedd pupe i addition to not havng to
mcreass the number of Gasign sprnklers
(hydrauhic design area) for systems da-
signed 1o NEPA 13, 13D, or 13R. Non
viater filled ppe wil permmet ophons for
areas sensitive 1o reeang

NOTICE

The Seres LA Residential Flat-Plate
Concealod Pendent Sprinsders (TY2524)
derscrbed hevein mus! be instaled and
manrtained i cormpirance wilh ths doc-
ument and the spplcable standards of
the Nationa! Fire Frotechon Associaton,
Vi addition fo the standards of any au-
thonties Kaving ansdiction. Failure fo
o so may inpai the performance of
these dewces.

APRIL 2012
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The owner Js responsibie for rrakbain-
NG thew fire protection systern and de-
A0S N prapeyr operaling corekbon The
mstailng contractor or speinider rrari-
facturer should be contacted with any
questions,

Sprinkler
Identification
Number (SIN)

1Y2524

TFP443
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TFP443
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Technical
Data

Approvals

UL and C-UL Listed

The TYCO RAPID RESPONSE Seres
LFIi Residential Flat-Plate Conceated
Pendent Sprinkiers are only listed with
the Series LFIl Concenled Cover Plates
having a factory-appled finish.

For detals an approvals, refer 10 the De-
sign Criteria section,

Maximum Working Pressure

175 pai (12,1 ban

o] Coeflicient

Ked.9 GPM/psi* (70,6 LPM/Dar'")
Temperature Rating

Sprinkler: 160°F {(71°C)

Caver Plate: 139°F (59°C)

Vertical Adjustment
172 nch (12,7 mm)

Finishes
Raefer to the Crdering Procedure section

Physical Characteristics
Cover Plate/Retaner Assembly:
CoverPlate .., ....,...., Copper
Ejection Spring . . . . Stainless Steel
Retainer . ...,...., . Brass
Sprhkim'Support Cup Asumbir
Body .. Brass
Cap .................. Bronze
S20ihg Asssmisy S
SeMDY .. ... .. um
~ Nicke! w/ TEFLON
Soiderad Link Halves Nickel
Lever . ., Bronze
Cormpression Screw | Brass
Deflectar . ..., Bronze
Guide Pin Housmg Bronze
Guide Pins Bronze
Suppart Cup , Staal
Operation

When expoeed to heat from a fire, the
Cover Plate, which s nommally soldered
to the Retalner at three points, fals away
to expose the Sprinkdes’Support Cup As-
sembly. At this point, the Deflector, sup-
ported by the Guide Pins, drops down
to its operated position,

The Sokder Link Elemant of the Sprinkier’
Supgort Cup Assembly is comprised of
two link hakves that are soiderad togeth-
er with a thin layer of scider When the
rated temperature is reached, the sol
der melts and the two link halves sepa-
rate. allowing the sprinkier to activate
and fllow water,

Design
Criteria

The TYCO RARPID RESPONSE Series
LFIl Residantial Flat-Piate Concealed
Pandant Sprinklers (TY2524) are UL
and C-UL Listed for instakation in ac-
cordance with this section:

Residential Sprinkler Design Guide

When condttions exist that are outside
the scope of the provided criteria, re-
fer to the Residential Sprinkler Design
Guide TFP490 for the manufacturers's
recommendations that may be accept-
able {0 the authority having jursdiction.

System Type !
Par the UL Listing, wet pige and ary cipe
systems may be utiized. Per the C-UL
Listing, only wet pipe gystems may be
utilized

Refer to Technical Data Sheet TFP435
abaut the use of Residential Sprinkiers
In regidentisl dry pipe systems

Hydrautic Design

(NFPA 13D and 13R)

For systems designed to NFPA 130 or
NFPA 138, the minimum required sprin-
kler Now rate are glven In Tables A and
B as a function of temperature rating
and the maximum alowable coverage
areas, Tha sprinkler flow rate is tha mini-
mum required gischarge from each of
the total number of “design sprinklers”
33 apecified In NFPA 13D or NFPA 13R.
The numiber of *design sprinklers” spec-
ified in NFPA 12D and 138 for wet pipe
systems Is 1o be applied when dasigning
dry ppe systems

Hydraulic Design
(NFPA 13)
For systems designed to NFPA 12, the
number of design sprinklers is to be
the four most hydraubically demanding
sprinklers, The mnimum required dis-
charge from each of the four sprinkiers
is to be the greater of the following.

* The flow rates given in Tables A and
B a5 2 function of temperature rating
and the maximum allowable cover-
age arex.

* A minimum discharge of 0.1 gprv/it
aver the "design area” compnsed of
the four most hydraulically demand-

ing sprinklers for the actual coverage
araas being protected by the four
sprinklers.

The number of “design sprinklers™
specified in NFPA 13 for wet pipe sys-
tams i3 to be applied when designing
dry pipe systems

244
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Dry Pipe Systom Water Delivery
When using the Series LFIl Residential
Flat-Plate Concealed Pendent Sprinkiars
(TY2524) in dry pipe sprinkler systems,
the time for water dalivery sxcesd 15
seconds for the most remote operat-
ing speinkler,

Obstruction to Water Distribution.
Sprinklers are to be lecated in accor-
dance with the obstruction rules of
NFPA 130, 138, and 13 as applcable
for residential sprinklers as well as wih
the obstruction criteria dascribed within
the Technical Data Sheet TFP4S0,

Operational Sensitivity
Instalt sprinkiers relative to the ceiling
maunting surface as shown in Figure 3.

The Series LF|l Residential Flat-Plate
Concealed Pendent Speinklers must
not be wsed in applcations where the
air preesure above the ceiingels greater
than that below. Down drafts through
the Supgort Cup can dalay sprinkler op-
aration in a fire situation

Sprinkler Spacing

The minimum spacing between sprin-
klers is 8 feet (2.4 m}. The maximum
spacing batween sprinkiers (8
ceed the length of the coverage area
(Table A) being hydrauiically calculated
(eg., a maximum of 12 feet fora 121t x
12 fL coverage area or 20 feet for a 20
1. x 20 1. coverage area)
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TFP443
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WET PIPE SYSTEM ¥
Minimum Flow snd Residual Pressure
"‘: “"""“".‘ Maximum Horizontal Cailing * 4 Sioped Geiling® 4 Sloped Cailing*
Ao Spacing [Maximum 2 inch rise [Graator than 2 Inch rise (Greater than 4 inch rise
FLxFt Ft. for 12 inch run) up to maximum 4 inch up fo maximum 8 inch
w‘ x ,", (m) risa for 12 inch run} risg for 12 inch run)
160°F (71°C) 160°F (71°C) 160°F g!’C)
Sprinkiar Sprinkdar or
12% 12 12 13 GPM #3,2 LPM) 17 GPM (64,3 LPMY 17 GPM (84,3 LPM)
27 x37) (3.7} 70 pai 10,43 bar) 12.0 pa (0,83 bary 12.0 pg (0,82 bar)
14 % 14 14 13 GPM 89,2 LPM) 17 GPM (64,3 LPMY 17 GPM (84,3 LPM)
18,3x4.3) (4.3) 7.0 pai (0,43 bar) 12.0 pzt (0,83 bar) 12.0 p= (0,82 bar)
16 % 16 16 13 GPM #9.2 LPM) 17 GPM (84,3 LPMY) 17 GPM (84,3 LPM)
49x4.9 4 9) 70 psi (0,45 bar) 120 p= (0,83 ban 12.0 p= (0,82 bar)
18 % 18 18 17 GPM (54,3 LPM) 22 GPM {83.3 LPM) 22 GPM (53.3 LPM)
5.5 x 5,5) (5.5) 12.0 psl (0,32 bar) 20.2 pai (1.39 bar) 20 2 psi (1,39 bar)
20 % 20 20 20 GPM (75,7 LPM) 24 GPM {90.8 LPM) 24 GPM {308 LPM)y
181 x 8,1) {8.1) 16.7 psi (1,35 bar 24,0 psi {1.65 bar) 24.0 psi (1,65 ban)

I8 For caverages mea dimenaans ke than of betwesn those exficatod, use the mmemm requeed tow tor the next aghes! coversgn atea for stech
Hycraive Disssgn secton undes B Desagn Critens sov sty

B4 The Bmemum Flow recqueement i tovesd on minmean Soes m GEM LEM) from cach sprrkdes The assocastnd resids! preasises are calodated wmeng
o ool K Aok, Futet 50 Hadeauhc Destged” 1 e Design Corlori socbion Sor detat

K Foe NEFA 130 2010 appboations, Hoodootid Cadang citine séud b o Toe sl sdopad ol cotilyue o op 1o 812 pich
Htet 10 1WA TUZR for shonred shoped ceding Rmststans when useg honzontal ceding ardsna

M For NEFA 107 appdacaions. Huoeorkid Colig cotors seay 8o teid Sor sopod Colding conbgralons up 1o 8:12 ich when acosplatdo to
e ocal sthorty hevang panadchion

4 T or NEF 10 pesadontial apghicabons, e gresrier of O 1 opm LT over the desagey seon o the Bow in sccotdanos sth e ontesa in
s L ind e sl

TABLE A
SERIES LFII RESIDENTIAL FLAT-PLATE CONCEALED PENDENT SPRINKLER (TY2524)
NFPA 13D, 13R, AND 13 HYDRAULIC DESIGN CRITERIA
~ WET PIPE SYSTEMS —~

= DRY PIPE SYSTEM ™
Makimim " N Flowand Prassure
Coverage Area ™ Ft v H | Cedling Mini Flow and Residual Pressure ¥
F1. x Ft, i (Maximum 2 Inch Rise tor 12 Inch Aun)
m xm)
160°F (71°C) Sprinkder
12x12 12 16 GPM {568 LPM)
@B7x37) 3.7y 8.4 psi (0,65 bar)
19 14 " 16 GPM (56,3 LPM)
H3x43) 4.0 8.4 psi (0,65 bar)
16X 16 w 10 GPM (B0 6 LPM)
“ex4d 4.9) 10.7 pei (0,74 bar)
Eex18 b ] 17 GPM (54,3 LPM)
5.5x55) 5.8 12.0 p=: (0,32 ban
20 x 20 20 21 GPM (79.5 LPMY
B1x6} [LSR]) 184 psi (1,27 bar)

) For poverage aon dsermans foss than of Detweon those sidicated, ome Bye marsmmam togueed Bow hor 3 resd haghest
cenwragn s for whach Hhdesube Divsagn sectkon under te Deesagn Criterss e stk

W4 The Menamum ios maqursment o bassd on mewsm Sow i GES M) from smd serkder Thas asscom i 1nsehu grossimes
W caboubitod using e nomiesd K fecloe Bels 5o "Hydimue: Dosin” o) $ Design Catonia soction for delels,

) For NEPA IS rosedeninl sggtacaionem. Wi grostun of 01 gt over tha dhoags s o T fow iy scconbands witl B cntona v
s Tabide st Do e

TABLE B
SERIES LFll RESIDENTIAL FLAT-PLATE CONCEALED PENDENT SPRINKLER (TY2524)
NFPA 130, 13R, AND 13 HYDRAULIC DESIGN CRITERIA
— DRY PIPE SYSTEMS —
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Installation

The TYCO RAPID RESPONSE Series
LFli Residential Flat-Plate Concealed
Pendent Sprnklers must be inatalled In
accordance with this section:

General Instructions

Damage to the Salder Link Elerment dur-
ing installation can be avoided by han-
dling the sprinkler by the Support Cup
ordy, thal is, o nal apply pressure 1o the
Solder Link Element (Figure 1),

A leak-tight 1/2 inch NPT sprinkler joint
should be obtained by applying a min-
imum-to-maximum torque of 7 to 14
ft.-1bs. (2.5 to 19,0 Nm). Higher levels
of torque can distort the aprinkler inlet
with consequent leakags or impairment
of the apeinkier,

Do net attempt to compersate for insuf-
ficient adjusiment in the Cover Plate/
Ratainar Assambly by under- or over-
tightening the sprinkler. Re-adjust the
postion of the sprinkder fitting to sult

Step 1. Install pendent sprinklers In
the pendent positicn, with the center-
line of the sprinkler perpendicular to the
mounting surface.

Step 2. Remove the Protactive Cap.

Step 3. With pipe-thread sealant ap-
plied to the pipe threads. and using the
W-Type 13 Wrench shown in Figure 2,
Instal and tighten tha SprinklerSup-
port Cup Assembly into the fitting. The
W- 18 Wrench accepts a 172 inch
ratchet drive

Step 4. Replace the Protective Cap by
pushing It upwards until it bottoms cut
agaknst the Support Cup. The Protec-
tive Cap heps prevent damage 1o the
Deflactor and Guide Pins during celing
Instadation and/or during appication of
the finish coating of the celling.

As long as the protective Cap remains
in place, the system /s considerad *Cut
Of Senize”,

Step 5. After the celling has been com-
pletad with tha 2-1/2 inch {83 mm{ diam-
eter hole and in preparation for Instal#
ing the Cover Plate/Retainer A

Step 6. Screw on tha Cover Plate/Re-
talnar Assambly until ks flangs contacts
the cailing. Do not continue to scrow
on the Cover Plate/Retainer Assembly
such that it lifts a udlnq panel out of
its normal position

If the Cover Plate/Fetainer Assembly
cannot be engaged with the Mounting
Cup or the Cover Plate/Retainar Assam-
bly cannot be engaged sufficiently to
contact the caling, the Sprinkler Fitting
must be repostioned.

Care and
Maintenance

The TYCO RAPID RESPONSE Series
LFIl Residential Flat-Plate Concealed
Pandent Sprinkler [TY2524) must be
maintained and serviced in accordance
with ths section;

Before closing = fire protection system
maln contrel valve for maintenance work
on the fire protection system that it con-
trofs, cbtain peemission 10 shut down the
affected fire protecticn syatem from the
proper authorties and nctify al perscn-
nel who may be affected by this acton,

Abeance of a Caver Plats may dalay the
aptinkler operation in a fire situation.

The awner must assure that the sprin-
klers are not used for hanging any ob-
jects and that the sprinklers are only
cleanad by meane of gently dusting with
a feather custer. othenwise, non-opera-
tion in the event of a fire or madvertent
operation may result.

When peoperly instatisd, there = a nomi-
nal 148 inch (3.2 mm) alr gap between
the ip of the Cover Plate and the cell-
ing, as shown in Figure 3. This air gap
5 nacessary for proper cperation of the
sprnkler by allowing heat flow from a
firo to pass below and abovnha Covnr
Plate to help as

of the Cover Piate i a fre skuation. ¥ the
ceiling needs repainting after sprinkier
instaliztion, exercise care o ensure that
the new paint does not seal off any of
the ar gap. Faiure 10 do so may Impak
sprinkler cperstion

Factory pambd Cover Plates must not
be int,

remowve and discard the Protective Cap
and verify that the Deflector moves up
and down freely.

If the sprinkler has been damaged and
the deflector does not move up and
down freely, replace the entire sprinkier
assemily. Do not attempt to modify or
repair a damaged sprinkles

d. They should be replaced,
it necessary by factory painted units.
Non-factory applied pant may sdversely
delay or prevent sprinkler cperation n
the event of a fire,

Do not pull the Cover Plate ralative 10 the
Retaner. Separation may result

Sprinklers which are found to be leaking
or exhibiting visitie signs of carrosion
must be replaced,
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Automatic sprinklers must never be
painted, plated, coated, or otherwise
altered after leaving the factory. Mod-
tied or averheated sprinklers must be
replaced.

Care must be exercised to avoid dam-
age to the sprinkiers - before, during,
and after installation, Sprinkiers dam-
aged by dropping. striking, wrench twist/
siippage, or the like. must be repliced.

The owner i5 responsible for the in-
spection, testing, and maintenance of
their fire protection systemn and devices
in compliancze with this document, as
well as with the applcabie standards of
the National Fire Protection Assocation
(8.9, NFPA 25}, in addition to the stan-
dards of any olher authorities having ju-
rischction. Contact tha installing contrac-
tor or sprinkler manulacturer regarding
any questions.

Automatic sprinkler systems are rec-
ommendesd to be inspected, fested,
and maintained by a qualified Inspec-
tion Service in accardance with lecal
requrements and/or national codea.
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TFP443
Page 6ol 6

Limited
Warranty

Products manufactured by Tyco Fire
Production Products (TFPP) are war-
ranted solely to the original r for
ten (10} years against defects in ma-
tedal and workmanship when paid for
and progedy Inatalied and maintained
under nomal use and service, This
wamanty wllemtenég; years!rom
date of shipment by TF

ty 15 ghven for products or oomponents
manufactured by companies not af-
filiated by ownership with TFPP or for
products and components which have
been subject to misuse, improper in-
stallation, comasion, or which have not
been nstalied, maintained. modified or
repaired In accordance with applicable
Standards of the National Fire Protec-
tion Assocation, and/or the standards of
any other authorities having jursdiction,
Materials found by TFPP to be defec-
thee shall be ether repalred or replaced,
at TFPP's sole option. TFPP neither as-
sumes, nor authcrizes any person to
assume for it, any other obigation In
connection with the sale of products
or parts of products. TFPP shall not be
responsioia for sprnkier system dasign
QITors or inacourate of incomplete in-
formation suppled by Buyer or Buyer's
representatives,

In no evert shall TFPP be liable, in con-
tract, tort, strict kability or under any
other legal theory, for incidental, ind-
rect. special or consequential damages,
including but not Emited 1o labor charg-
es, regardiess of whether TFPP was in-
formed about the possibility of such
damages, and In no event shall TFPP's
liabBty excead an amount equal to the
sales price.

f

The foragoing warranty |2 made i Say
lmp‘l" includy ties of

r n

gjmﬁ el .B_wr&...  of mer

pUrposa.

s

This imited warranty sets forth the ex-
clisive mmedy for claims based on fall-
ura of or dafact In products, matarials or
components, whather the claim is made
In contracs, tort, strict kability or ary oth-
er logal theory.

This warranty will %gfn to the full extent
permitad by law. invaidity, in whole
or part, of any portion of this wamanty
wil not affect the remander.

Ordering
Procedure

Contact your local distributor for avail-
abiity. When placing an order, indicate
the full procuct dascription and Part
Number (P/N).

Cup Assembly
Specify; Series LFII (TY2524), K«4.9
(70,6), Residential Fiat-Plate Concealed
Pendert Sprinkler withaut Cover Plate/
Retaner Assembly, P/N §1.114-1-180,

Cover Plate/Relainer Assembly for
Horizontal or Sloped Ceiling
Applications

Specify: Seras LFIl (TY2524), K=4.9
(70,6), Residential Fiat-Plate Concealed
Pendant Sprinkler Cover Plase/Retain-
or Assembily with (specify} finish, P/N
(specifyy

onwhee . PN 66-201-0- 135
Purn Whaty*

RALBOIY PIN 252013185
Segrnd Whito™

(RALDOGY, | FUN 56.201-4-135
Standeed Wedte ((!(\ \\‘Nltﬁ

RALBOOZ . PN 55 201-5-13%
Camdom PN 50-201-X- 130

* Bt tHuninsgduns s unky
** Freonsly known as Leght Whe

Noter A3 Costran Comey Fnbis are ot us-
g Shoowin Wikkewss (ndorior Latoy Pant. Contect
TYCD Custoener Somes it any quesions missed
# custom osders

Optional Cover Plate/Retainer As-
sembly for Horizontal Ceiling
Applications Only

Specify: Series LFIl (TY2524), K«4.9
(70,6), Residential Flat-Plate Concealed
Pendent Sprinkler Cover Plate/Fetain-
er Assambly with (specify) finish, P/N
{specityl

ONWhos PN 55200058
Pure Wiets*

(RAL G010} P 55 1223 O35
Suyoad Wk

AL B0y PN 56122435
Custom PN 06G-1 22 K-35

S Eambarrn Harrnagdumn sabin urdy
" Provously krown s Beght White

Note: A8 Costom Covey Fates aro pannd us-
gy Sharwnn Wilkevies Inderior Lafox Pant. Contect
YO Customey Samon wiih sy guestons mlyied
Ao custom nsders

Sprinkler Wrench
Speclfy W-Typo 16 Sprinkler Wreach,
P/N 56 1-265,

Copyright © 2012 Tyco Fire Protaction Products. AR rights resarvad,

TEFLON Is wadamak of The DuFoot Copation
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A.1.3 Mason Industries Seismic Solid Brace Strut Anchor (SSBS)

=

MASON INDUSTRIES, Inc.

Manufacturers of Vibration Control Products
350 Rabro Drive 2101 W. Crescent Ave.. Sm eD
Hauppaur&e NY 11188 Anaheim, CA 9280
714/535-2727
FAX 631;’348-02{9 FAX 714/535-5738
Info@Mason-Ind.com Info@MasonAnaheim.com
www.Mason-Ind.com

JOB NAME

CUSTOMER

CUSTOMER P.O.

MASONM.L

DWG. NO.

SSBS

Seismic Solid
Brace Strut
Anchor

Strut llustrated
may be Rolled
Angle Iron drifled

5 2 Req'd per SSBS
to suit
(by Others)
Roy Ohex) Torgue Boits to
50 ft-Ibs (68 Nm)
Attachment Nut
(by Others)

| T
——
All parts are Zinc
Electro Plated.
Stamped Teeth

Ratings may change depending on attachment methods to concrete.

1/2" (13) Dia. Boits

* Attachment nuts must have stamped teeth to achieve these values.
Washers are required at all Bolted Connections.

Ratings are based on attachment to steel.
Assembly Ratings are the lowest value of either the Assembly Capacity,
slippage of the Strut Attachment Nuts or the capacity of the single hole
anchorage bolt. Ratings are based on the worst case angle.

33/4" (95)

"A" Hole Dia.

Solid Brace Anchor
(Formed Steel)

17/8" (48)

1 11/16" (43)

OPA-0349

—

APPROVED
Callfornia Office of Statewide
Heaith Planning and Development
FIXED EQUIPMENT ANCHORAGE
AUGUST 5, 2002

@ Bl Stashiie (978) 6545382

TYPE SSBS DIMENSIONS AND RATINGS

Certification Form $-119 04/2011 IDW:

ICHT(D:

IDATE:

Testing was supervised and certified by an independant engineer A Bolt Size CRai taec?ty'
registered in the state of Califomia. Size (in) (mm)| Gn) (mm) | (bs) (kN)
: . i ace . s are
Preferred instaflation ange is 45°. Maximum vanation £15°. SoBS12 | 1732 13 | 38 0 1000 45
NOTE: Not to be used as a vertical hanger for equipment, ductwork SSBS-12 | 17/32 13 | 12 13 | 1250 56
or piping. To be used as a seismic restraint only. SSBS-20 | 25/32 20 | &8 16 2000 89
Rafings are from test data and calculations used to obtain Califomia o A B |8 2
b e el SSBS-25 |1-4/32 26| 1 25 | 3000 134
aTy SIZE TAG [*14 SiZe TAG
DWG. No.
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A.2 FIRESTOP SPECIFICATIONS

A.2.1 CP604 Self-Leveling Firestop Sealant

—
Product Information : H
—

CP 604 CP 604 oot st

Technical Data Self-Leveling ‘ cuzh-peetrat

A 73 @30 and S0% refatne humicky .

Chamical ot Firestop Sealant Product features

faUir ] Sathis S1hoon ) . - Bwlng ] in

Density . at i

Ao . )

Color

73 Areas of application

Applcation lempersture ¢ SRING CoRStnCt TN hi

YPE 0 O F 850 4 40 o Vi

Temperature reistance ¢

-4'F 1 240°F T o 120 . D

Q.lnqlhn L= For use with

Tongile strength (modulus of slasticy) i nia

Apere. 0.7 Kim? Systom Advantage / Customer Eenefits ames

Shore A Hardness [ A oG ke S TM E‘ : K' o0 fur metal e

At +3Y Wi jinn ke '

Jotnt movement capablisty » St WATHT Iastant ) e \

Ao 20 o Nty LR tegiesmsatt g for da:

Surface burming charactaristics | ¥ rateg

(ASTM E 24-00}

Fame Spread. 5 Installation Instructions for CP 604

e gbor naib b Openng y sl of
; Testnd In accordance wish AL --.‘--A el Ay g les 9o
;\: : Natice abeut spprovils
(=) 1k A o 'Wren g Hn 0P 804 1 ) ey
= o A 0 i 2
Q, »
% ol Wt

o0 5EM ) My

- sy

inteenatiorally tasted and approved e iy

o CANGSI1RG6 '_

oo Trafireastons otk
APPROVED o Soher yé e
oree 1 of Lt 1 n

]
A
d | ‘
== ~§
IF ‘
‘ . o ~ | : e
A S 7 st Sy A Ay (P N 4. Sa s 5w Ay
LR 1 fondg segised o e (¥ Jaqmaent)

Thraugh Peaetration iwtalbation (1o Svad for Sy e sdon B 10 00 ! 0 s

fatest product information :

www.ca.hifh.com
D ovdering information see page: & .,?
1 OWAY Ay Z sl ooy ) Ay (P M 4 50 s ey FASA Aty
sy 0 oOSg seousey o e
My

10 [Tl Saving Lives 1ol nocsullon & ecncalin | Kl Firesiop Guide 2005-2008 | 1-800-363-4458 | www.ca.hiti com
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—
Material Safety Data Sheet :_E

Product identifier: CP 604 Self-Leveling Firestop Sealant

INGREDIENTS INFORMATION

PHYSICAL PROPERTIES

FIRE AND EXPLOSION DATA

REACTIVITY DATA

TOXICOLOGICAL PROPERTIES

Eyes: "o ellit Skin: 1] TR
i (e ), 120 Inhalation; !

=<
=
=
=]
-
v
(%%
pex |
=
=T
b1
o
=
B
<
=
[
1)
(%)

376 [ ™ oml saving Lives Ve & pducatian | HiRi Frestep Guide 2005-2008 | 1-800-383-4458 | ywvyw.ca hilli.com
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L,
:_E Material Safety Data Sheet

FIRST AID MEASURES

CONTROL MEASURES AND PERSONAL PROTECTIVE EQUIPMENT

PRECAUTIONS FOR SAFE HANDLING AND USE

]

REGULATORY INFORMATION

PREPARATION INFORMATION / CONTACTS

NVE = toos Estaiizhee. NIAQ = ot Apclicane. N

HMIS: o
o
o
— |
s
=
=
=
pad
=]
=
m
”
-
m
¥
£
=
Saving Lives ot it 0 Hilli Ficestop Guide 2005-2008 © 1-B00-383-4458  vwwwica hiticom m’ 377
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Certificate of Compliance

Cefleate turber  20060214-R13240A Page1 of 1
Report Relererce 2006 February 14
ssue Do 2008 February 14 Underwriters

Laboratories Inc.-

Issued to: Hllt', lnC.

5400 § 122ND East Ave
Tulsa, OK 74146 USA

This is to certify thar — Fill Void or Cavity Materials

representative samples of  cpgoa

Have been investigated by Underwriters Laboratories Inc. % in
accordance with the Standard(s) indicated on this Certificate.

Standard(s) for Safety:  ANSI/UL 1479, ANSI/UL 2079, ASTM E2307, CAN/ULC-S115-05

Additional Information:  CP604 Self-Leveling Firestop Sealant for use in Joint Systems, CP604 Self-
Leveling Firestop Sealant for use in Perimeter Fire Containment Systems and
CP604 Self-Leveling Firestop Sealant for use in Through-Penetration firestop
Systems as currently described in the UL Fire Resistance Directory.

Only those products bearing the UL Classification Mark should be considered as being
covered by UL's Classification and Follow-Up Service,

The UL Classification Mark ncludes: UL in a circke symbol @ with the word
CLASSIFIED" (as shown): a control number {may be alpbanumeric) assigned by UL; a
statement 1o indicate the extent of UL's evaluation of the product; and, the product category
name (product identity) as indicated in the appropeiate UL Directory.

Look for the UL Classification Mark on the product

Issued by: Reviewed by
%na ou%uu Christop on
Underwriters Laboratories Ine, Underari oratories Inc
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A.2.2 CP606 Flexible Firestop Sealant

" i

GP 606
Flexible Firestop Sealant
Product description

¢ Anacnylic baged Arestop seatint that provides movement
capability in fire rated jcint applicaions

Areas of application

Sealing constructioslexparzon |oints
Top-of-wall joints

Metal pipes

Cabke bundks

HYAC penstratons®

For use with
»  Vanoss bess materals such as masonry, conorats, matal, ete,
o Wall 2nd fhoor essemblies rated up 30 3 hoers

Examplas

Intamatiolally tested and approved

Where & gypsum wsll asgembly mests e andenside of »‘ Sl ‘_ FLL WO A S MTTIAS m h‘—.‘?
& metal or ¢ deck DTS LA 20 Bs 476 1
»  Ssaling sxpansios joints to impeda the passage of fire, mm:'.;‘—’.':‘.‘;‘;-m
SMoke and tooce fumes
o Sealing around HYAC penelrations through fre-rated sssemblies
System advantages/Customer benefits
¢ Pyialsble
o Mesnts 500 cycle requirements (ASTM E 1302 & UL 2079)
o Smoke, fume 538 watsl ragigtant
o Easy chan up with wats:
CP 606 Flexible Firestop Sealant
Quaigtice Cotor ”::’1’. Wi e e ~ _
CP 606, tube  red 10.507 (310 mi) ALY 033NN T .

CP GOG, foil  white  (Qty 20) 20.2e2 (608 ml) 35 i’ 06314272 o ——T_
CP 606, foil  red (@ty 20) 20,207 (600 wi) 36 in' WABNR e

CP 606, pail  red 5 gallens (19 Hiter) Mssi 0033198 -——

8200 P1-300/310 md Dispenser 00055205 - 4
600 mi Foll Dispenser 00024669 -

Far metal ducts with dampag consult dsmges manutactures T S

26 Savmy Lives moug: inncvation 8 atcaten s Hilk Firesiop Giiss 2001 « HIll US.- 1-800-675-8000 7 waw .l com
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¥
m Installation Instructions ﬁ

CP 606
Flexible Firestop Sealant

Technical Data
CP 606 Flexible Firestop Sealant

101 73F (23°C) aowf 5055 rabative s humdidey)

Dewnaty: Approx. 1.8 i
Product description Gator Rext sen) Wit
o Anacryfic based firestop smlant hat provides movement Appticalin tampiratnfe 40T {5°C} %0 77°F (25°C)
capability in fire rated Hint applcations Siin-lnrming Wne ox, 18 min
Curing e Acprax 116" w1 3 s
Voluine shanbags: Losss ian 20%
_Prgigs";“tures Moweinenl cazatility: Aspeon. 100
Tomperatun re 5 -4U°F (-40°C) o 176°F |30°C)
5Desty 1
: n;‘_n,::lm‘ g And satveol tree Surtace daming daractanstics. Raime sprasd 0
b [ASTM E84-06) Sincka tevalepinent: b
H 1 Sound transiession classdhieagon 50
Teﬂgﬁd7 in accordance with prochopps
o ASTME 1330
o UL1479 “pp""ds 4
« ASTMEZ14 1080 Evalustion Setvice. |he Repurt Bo. ER-S614
« ASTME 34 Califoeria Stade Fine Mandcd Liging ro. 1452-1200.112
iy ol Neew Yon MEA 100-90-12
Installation instructions for CP 606
Jaist
L
1 Lt apersty 2 et tacnng A Aty OF 5% £ Sowol LP 80 5 Jasvo wvotestan
2w (Y o

o]~ >

I, Ll gponieg 2 buwt Mg 3 Ay (F 506 4 Smoc (605

ot

1

Clean tw apering Jord sides and surtacss (o 'wiich GP 505 will bo
aepibed must be sowd dry and lree Boon dued. ol and gréase

KppBcation of firestop

2

Iresert G oF mineral wool af backes (s reqused)

ALPly Tiresion ovee otk

Sanoth feskop sealant with a trowel belure S skin ones

Once cured, TP GO6 cart ordy ba femiwed medhanicady

Foe imaink W SN, 2 ponstnation S coud be perisanendy
(ivarhed With an ideniScalion plate. I sodh 4 Gise math T
Identibeation plate and Sisherit in 2 Wsibla posdon next o e sed

Nolice abeat

approvals
When s=ing Hilk CP 605 Raxitle Ainsiop Salint, dusck ihat he
jomt of pipe spplication Fes ban sabed soconiing o the phcatie
draneeng in ¥ UL Fre Ressstance Dinslary o HIN Firestop Manusd

ol 19 be wsod...
o Onaraas linmersed in walee

Salsty procastions

o Koap oul of reach of dildten

Rezadt the Material Subely Data Shewtt

Epess and ancks st o sumlably profecied
Aanidl contact with eyeshsin

Ordy s s el weriblaled anas

Sterage

= Stone oedy in the angesd packaging in & lucaton
proteckd from mostumm al @ tlsmparaties of 40°F (5°C) to
TTERSC)

o D0sare a@ratlon dale on packags

Saving LIVeS e exunision & sveation Wl Firssiop Guide 2001 « HIE U3 : 1-800-879-5100 / mwrw 1 it e b1]
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MSDS No: 287C
Revision No.. 0O
€ Preg. Date 25 Apnl, 2000
Hilti {Canada) Limited Page: 1of2
MATERIAL SAFETY DATA SHEET

Product identifier: CP 608 Flexible Firestop Sealant

Product use: Fre resistant acryhc based sealant for use in fire rated jint applcations

Supplier: Hiti (Canada) Limited, 8750 Century Avenue, Suite #3200, Mssissauga, Ontario LSN 2V8

Originator Hit Inc, P. O. Box 21148, Tulsa, Okdshoma, USA 74121

Emergency number:  Chem-Trec: 1 800 424 3300

INGREDIENTS INFORMATION

Ingredient CAS Number % (wt.) LCaq, (rat) LDyp (rat) TLV STEL

Calcum carbonate 0317653 50-55 Nfbw N Aw NiAp NE

Water 07732-18.5 15-20 Nay N/AY NE NE

Isonaryl phihalats 28553.12.0 10.15 NiAy N/ A NE NE

Polybutena CO003-26-6 01-08 Nibw NIt NIE NE

Ethylens ghycol 00107-21-1 01-05 Ndy 4700 mgkg NIE NA

Pigment 01308-3741 01.08 NrAy NS A NiAg NE

PHYSICAL PROPERTIES

Appearance / Physical state:  Red paste Odour: Mild ogour

Specific gravity (at 20°C). 155 Odour threshold: Not determned

Vapour pressure {at 20°C): Not applicabie. Vapour density: Mot apphcable

Evaporation rate: Not datermined. Boiling point: Not determined

Freezing point Net determined. pH: Not determned

Coefficiont of H;0 / ol distnb: Mot determinad Solubility in water: Misciole

FIRE AND EXPLOSION DATA

Flash point | Method: Nonflammable Flammable limits: Nat agphcable

Conditions of flammability: Not applicatie, Auto-ignition temperature:  Not spplcable

Means of extinction: Net applicable, As appropriate for surrounding fre (e g Water, CO, Dry Chemical, Foam)

Special fire Highting Nene known A NFOSH-approved sell-contained bresthing apparatus (SCEA) should be worn

procedures: when fighting fires involving chemicals

Hazardous combustion Not determined

products:

Sensitivity to mechanical Net susceptibie to mecharscal impact of 10 a static discharge

impact { static discharge:

REACTIVITY DATA

Stability: Stable Incompatible materials: Strong oxidzng agents

Conditions of reactivity: Nane known

Hazardous decom position Not determinad

products;

TOXICOLOGICAL PROPERTIES

Routes of exposure; [X] sxin contact || Skin absorption X Eye contact [ Inhalation [ Ingestion

Exposure imits: See "Ingredients” sechon above.

Acute effects of exposure: Eyes - Sightly alkaline materal; can cause irrgation but injury = unbkely  SKin « Can cause
imitation with some individuals. Inhalation - No effects expectsd.  Ingestion - Not a likely
route of exposure.  Effects of ingestion have not been determined

Chronic effects of exposure:  None known

Synergistic materials: None known

HILTI® is & registered trademsrk of Hiti Corp
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FIRST AID MEASURES
Eyes! Flush mmediately wath plonty of water  Call a physician f symptoms coour
Skin: Wash with soap and water. Seek medical attenten if any effects persist
Inhalation: No 1l effects expected. Should discomfort occur, move to fresh air
Ingestion: Do not induce vomitng unless |arge ar ts are ing §. I conecious, gve plenty of water
to drink  MNever geve anything by mouth to an unconscious person.  Contact a physician
meredately
Other: Referral to a physician 15 recommended If there 1s any question about the sencusness of the
njurylexposure
CONTROL MEASURES AND PERSONAL PROTECTIVE EQUIPMENT
Engineering controls: General (natural or mechanically induced fresh air moverments).
Eye protection: As appropriate for the work area.
Skin protection: Cloth gloves are sutable
Respiratory protection: Nene normally required
Other: No addnonal measures are normally required.
PRECAUTIONS FOR SAFE HANDLING AND USE
Handling procedures and For Industnal use only.  Keep container sealed when not in use to prevent curing of the
equipment: product  Avoid contact with the eyes and skin  Practice good hygiene, i e vwash after using
and befere eating of smoking
Storage requirements: Keep out of reach of chidren. Store in 3 cool dry area. Keep from freezing  She life Is one

Spill, leak or rejease:

year from date of manufacture  stored between 40° and 77° F (5-25° C)

Immedistely wipe away spiled materal before It hardens.  Place in a contaner for proper
disposal in accordance with af applicable local state or federal requirernents.

Waste disposal: Consult weh regulatory agencies or your corporate personnel for disposal methods that
comply with local, provincial, and federal safety, health and environmental regulatons,
Special shipping instructions.  Avoid temperature axtrames. Keep from freezing
REGULATORY INFORMATION
WHMIS classification: 028
HMIS codes: Health 0, Flammabiity 0, Reactivity 0. PPE A
TOG shipping name: Net reguiated.
i PREPARATION INFORMATION / CONTACTS
Prepared by i, Inc, Tulss, OK USA Emergency phone number: 1300 424 9300
Customer Service; Hati (Canada) Limited, Mississauga, Ontario, 1 800 363 4458
Health | Safety contacts: Hiti Inc, Tulsa, OK USA 18003870 6000 Stewe Gerrard (x8309), Jerry Metcall (x5704)
Abbreviations used: N/E = Mone Established NJA = Not Applicabie. NJAV = Not Available. M = Hours HMIS:

Hazardous Materials |dentdication System

The Iinformaton and recommendatons contained herein are tased upon dats believed 10 be comect; NOWEVer, NO guarantse or
warranty of any king exprassed of iImplied & made with respect to the Infarmaben provided

MSDS 267C, Page 2002
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'TH Certificate of Compliance - CP 606 m

Nostteck, 19rois «(B4T) 272-8900
Mebwie, Now York« |51€) 271-6200
Underwriters Laboratories Inc.« Sares Clan, Catforea s (08] 8862400 l

Ressarch Trarge Pak
Norh Caoina s (819 848-3000

Céarman, Wastngion« (360) 6175500

CERTIFICATE OF COMPLIANCE

CERTIFICATE NUMBER: 210178 - R16355
ISSUE DATE: July 24, 1998

' Hilti Construction Chemicals Inc.
lasued to: 5400 8. 122nd East Avenue v
Tulsa, OK 74146 USsSA

Ri6355, August 11, 1998
Report Reference; 2 u

This is to Certify that
representative samples of  Flexible Firestop Sealant, designated TP 608

Have been Investigated by Underwriters Laboratortes Inc. in accordance with the Standard|s)
Indicated on this Certificate.

Standard(s) for Safety: UL 1479, ;iiga'gg;;? of Through-Penetration

UL 2079, Testa for Fire Resistance of Building
Joint Systems.

Additional Information:

Thia surssial iz caor pere sasiact and iz Istemfe? to be ueed 42 4

Classified Y111, Void ox Cavizy material In varioue Through-PFeaarrarion
Pireatcy fystess as apecifind iz Wolaw 2 of W's Fire Auristance
Pirvectery.

Oualy thase products bearing the UL Classification Markiag should be consbdered as being covered by UL's
Classification and Follow-Up Service

The UL Classificatson Marking includes: the name “Usderwriters Labarasaries [nc™ the woed “Classified”™; a control
number (may be alph ) assigned by UL a s andicate the extent of UL's evalustion of the product.
and, the product cassgory name (peoduct identity ) as indicated i the approprise UL Directory

LOOK FOR THE UL CEASSIFICATION MARKING ON THE PRODUCT

Engineer: /\'« Lt o At Review Engineer: ‘g
Underwrisers l J

Underamiters Léboratocies Inc rmoces Inc

240 Savlng IJVBS oo lnnovalion & edecalion = Mt Fresiop Guide 2001 « Mt US - 1-B00-278-8000 [ waew us. hitl.com
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A.2.3 CP653 Speed Sleeve

CP 653 Speed Slesve

Product description
B Fe-penetrable cable management device for ekectricaland
telecom professionals

Product features

B Fast installation

B Easy penetration and re- penetration

B Low L-ratings

B Withstands the rigors of usage and time

B Can be installed in wall and floor applications

Areas of application
B Cable and cable bundles

For use with
B Concrete floor rated up to 3 hours
B Gypsum walls atedupto 2 hours

Technical Data

Examples CP 653
B Electrical wiring 2" {50 mm) 4" {102 mm)
B Premise witing OD (device only) 2.3 (60 mm) 4.3 (110 mmj)
B Low voltage and datacom OD iflange) 47" {120 mm)) 6.7 {170 mm)
D 1.7" (48 mm)) 36" 92 mm)
Total lenath 124" {315 mmi) 12.4* {315 mm)
Wizight {device and flanges) 151bs 26 ke
Temperature resstance 2°Fto212° F(6°C 10 100°C)
Intumeecent activation Appro:x. 320° F(160° C)
Expansion ratio{unrestricte d) 140
Metal Steel with zinc ccating
Plastic ABS
Fabric Gla=sfiber
Approvalk

= Califomia State Fire Marshal - No. 4485-1200:138
= City of New York - MEA 413-07 -M

Tested in acoordance with

= UL 1479
= ASTM E 814
FIRESTD P DEY ICE @
FORUSEIN THROUG H-PENETRATD N
ARETPEYETBE

EE UL FRE RESETANCE DIRECTORY
SNE

APPROVED

Installation instructions for CP 6563

4. Spin the fange clockese onto the davice. Pepaat
on othersida of the wall.

To opan the devioa:

() On one side of the wall, piess the clipcisutes

Notice

Alvgys efer tothe MSDS bafore sz and the UL Fire
Pesktance Directory or Hitl Filestop Systems Guide for s,
compiate Inswlation Information.

€. Tockes the davice:
(8) On the same sid2 of the wall, pess the clip
chsues Invard.
(b) Twist the davice clockwise untlifingar-tight,
aliwing it to engage with a click.
Forepanetiation of cablkes, lepeatsteps Sand 6,

For options not presened hawe, consult
your kocal Hittl represantathe trother rated fiestop

Instructions for uze Inesard.
1. Useelthera 2.5  ord.5" hok saw to cieate the (b Twist the device counterciockwizz and pullthe
appopate ok, ted housing outwards to the bunching of
2. Insatt the skave, the smole saalfabec. A yaliow Bbalwill ba vElbk to
Indicate that the davice &5 opan. systems.

3. Sealthe gapwith filestop s2akant to Impada smoke
and gas migration. Repaaton other sidz of the wall

Hilti. Outperform. Outlast.

Hilti Firestop
Saving lves
through innovation
and education

Hitti, Ing. (U.S.) 1-800-879-8000 = wwwLuz2.hiltl.com = en espanol 1-800-879-5000 = Hiitl Firestop Systems Guide
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MSDS No.- 321

Revision No.. 000
Revision Date: 10/068/07
z Page: 1of2

MATERIAL SAFETY DATA SHEET

Product name:
Description:

Supplior

Emergency ¥ {Chem-Trec. )

CP 653 - Speed Sleeve

Reusable Firesiop [nsert containing a blsck intumescant rmaterial

Hitti, Inc. PO Box 21148, Tulsa, OK 74121

1800 424 8300 (USA PR, Virgin Isiands, Canada); 001 702 527 3887 (other countries)

INGREDIENTS AND EXPOSURE LIMITS

Net applicable This product = considered to be an “arlicle” as defined in the fadecal OSHA Hazard Communication Standard 29

CFR 1910 1200 ( 1928 59

PHYSICAL DATA
Appearance: Galvamized metal sleeve wth red Odor: None.
plastic ends
Vapor Density: (air =1} Not applicable Vapor Pressure. Not applcable
Boding Point: Not applicabla. VOC Content: Tégh
Evaporation Rate: Not applicable. Solubility in Water: Not determined.
Specific Gravity: Not determined pH: Not applcabie
FIRE AND EXPLOSION HAZARD DATA
Flash Point: Not applicable Flammabie Limits: Mot applcable
Extinguishing Media Usge extingushing media appropaate for surroundng fire.
Spocial Fire Fighting None known
Procedures:
Unusual Fire and Explosion Nore known Product serves 35 a frestop; intumescent matenal metal sleave aexpands when
Hazards: exposed to temperatures = 160¢ C/320° F
REACTIVITY DATA
Stability: Stable Hazardous Polymerization: Wil not occur
Incom patibility: Nope known Decom position Products: None known
Condttions to Avoid: Nore knoren
HEALTH HAZARD DATA
Known Hazards: Nonre knoen Routes of Exposura: None kncan
Signs and Symptoms of Nore expected from routine use'nstaliation according to manufactured’s specifications and
Exposure: tachnical guides.
Carcinogenicity: Na ingredients are cassified as a caranogen by |ARC, NTR ar OSHA
Medical Conditions Nore known
Aggravated by Exposure:
EMERGENCY AND FIRST AID PROCEDURES

Eyes: Immediately flush with plenty of water Cad 8 physician £ symptoms ocour
Skin: Not ;giable Practice good hygeene, e wash hands during beeaks before eating or smoking,

and work.
Inhalation: Net applcable
Ingestion; Not a potential route of exposure
Other: Referral to a physcian s recommended if thera is any quesbon about the senousness of any

injusylexposire:

HILTI @ i 8 regstered rsdemark of M Corp.
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CONTROL MEASURES AND PERSONAL PROTECTIVE EQUIPMENT

Ventilation: General {natural or mechancally inducad fresh ar movements)
Eye Protection: Not reguired. however, safety glasses should be worn in moet ndustrial settings
Skin Protection: Nore requred; however, gloves recommendad,
Respiratory Protection; No respiratory protection is neaded for nonmal applcation of this product
PRECAUTIONS FOR SAFE HANDLING AND USE
Handling and Storing Store in & cool dry area. Follow instaliation instuctions.
Precautions:
Spill Procedures: Mo specal requirements
REGULATORY INFORMATION
Hazard cation” This product 15 considerad to be an “arclke” as defned In the federal OSHA Hazard
Sl Communicabon Standard
DOT Shipping Name: Not regulated
IATA { ICAQ Shipping Name: Not regulated

TSCA Inventory Status:
SARA Tithe Ill, Section 313:

Chermcal components lsted on TSCA inventory

This product 15 classfied as an “artcle” and Is not subject to reporting under Section 313 of SARA
Ttle Il (40 CFR Part 372)

EPA Waste Code{s): Mot regulated by EPA as a hazardous waste
Waste Disposal Methods. Corsult with regulatory agencies or your corporate personnel for dsposal methods that comply
with local, state, and federa! safety, heath and ervronmental reguiations
CONTACTS
Customer Service: 1 800 679 8000 Technical Service: 1 800 879 8000
Health | Safety, 1800 879 6000 Jeery Metcal  (x6704)

Emergency #({Chem-Troc)

1 800 424 9300 (USA, PR, Virgin Islands, Canada), 001 7032 527 2687 (other countres)

The inforrmation and recommendations contained heren are based upon data beleved to be comect, however, no guarantee of
wararty of any kind expressed or implied is made with respect to the information provided

MSOS 321, Page 20/ 2
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Certificate of Compliance

Canficte Nurker  20071098-R15431 Page1ol1
Report Refwience 2007 October 18

lsspa Date 2007 October 18 mm

Issued to: Hllti, |I1C.

5400°S 122ND East Ave.
Tulsa, OK 74146 USA

Thiy is to certify that Firestop Devices
representative samples of — ©p 653 2" Speed Sleeve, CP 653 4" Specd Sleeve

Hawe heen investigated by Underwriters Labovatories Inc, ¢ (UL} oor amy authovized
tievasee of UL in accordance with the Standard(s) indicated en this Certificate,

Standard(s) for Safery:  ANSVUL 1479, CAN/ULC-S115-05

Additional Information:  CP 653 for use in Through-Penctration Firestop Systems as currently
described in the UL Fire Resistance Directory,

Only thoxe products bearing the UL Classification Murk should be considered a5 being covered by UL's Classification
and Follow:LUp Serviee.

The UL Claszifiontioo Mark includes: UL 0 2 circle symbol @ with the ward “CLASSIFIED” (as shown); & conlrol number
(iay be niphunumenc) asigned by UL ststement W lwbicate the extent of UL s evaluation of the product; and, the product
caregory pame (product identity) as indionted in the appropeinte UL Directory

Look for the UL Classification Mark on the product
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A.2.4 CP657 Firestop Brick

Hilti Firestop Systoms

Firestop brick
CP 657

An expanding flexible firestop brick based on a twe-component polyurethane foam

Applications

B Temporary of permanent sealing of cabies, cable trays, and cP 57
pipes in wall and fioor openings. Installation specfic approvals.
® Single or multipie panatrations. the - plci
B Cabies and cable trays Base materiata me,m@e{p?vom).
- Masonvy, Drywal
pame e ¥ Application temperature range 5°C - 40°C
Advantages Acoustics performance Up to 53dB
® Partculary sutable for remedial work Denaity 27 gorrP
® Economical in use owing to short instaliation time Colour Red
® Easy nstaliation as no spacal too (s requred immediataly Appiication temperature CctodoC
functional after intallation persture resistance -1s°Cto60°C
= |deal for uze in floors as no fomwork (5 requied Intumescent activation Approx. 300°C
= High movement capabiity Expanalon ratio (unrestricted) Upto1:3
- Fvaemdustadﬂ A2 73°F 23°C) 3nd 0% relative humicy
‘wall (mm | Floor {mmj)
mmgggm Pl @ Min ot P 100 150
| m";"l c US  min distance between penetrating
o ooy ftems and opening surface: 60 mm 60 mm
v & *  Cables tray 100mm | 100mm
100 mm 100 mm
25 mm 25mm
60% 60%
26 mm 26 mm
50 mm 50 mm
168 mm -
80 mm s0mm
Order description Package Contents Package Quantity ftem number
Firestop brick CP 657-L 20 x CP 657L fiwestop brck - 00353523
Firestop sealant CP 611A Instumescent mastic (310mi) ipc 00382348
Dispenser CB 200-P1 manual dispenser (310m1) 1pc 00055205
49 Visit the Hilti Frestop Design Centre Register today at www . hitti.co.ulk/cfs
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Te Technical Informatiol

7727 17, -
m//’ﬂl ciw 40 mn
// Armallex |
/ contlnuou:
J-4 up to facs
| 100 |
mm
min,
200 mm
For more stand;
online at the Hit

Installation instructions for CP 657

Notice Appil
* Bsfors handhing, read Matenal Safety Data Sheet o 2amn
procuct I for zafs L£3ge and health Mfomaton. Bc

*  Inctuctions below ors general gudsines Zoifo
B

Opening
1. Ciksan ths openng. Panstrasion and penetistion
SUPDONING SUUCTIGE ™.t DO incalied in

-

w

. Fimich bulding up Firs Siocks rt! entis 0pening ©

Technical Information

Concrete o1

168 mm dla steel
30 mm thick mw
Armaflex |nsulatl

Yo,
7

T

R v g
—e Seal :
q with ¢
Y,
§ c
! N R, B
ol

\58 mm dia copp

ciw 40 mm thick
Armaflex Insulat
continuous throt
up to face of sez

min.

200 mm

blocks o 2 hoks can be diiled Teough 2 block uzing
3 Tharpened Dece of Metal DES O tbing.

Not for uze

* 1N we1100ME, OLdOOT Of SXDOSAC 1D the weathee
o UV radation (can b6 dons oy 2far 20DYyng an
acctonal SIcone coIbng, 16. CPETIAL

Storage
= Stos ony in the orgnal packaging in 2 locaton
Protacted rom MOictus and dwect SuNSghTt

cabie D3c6s, GaNs Detween Diocks

compiance with local buliding and Glechical Had.
Stancad:. 4. Compitey il
and ppes, and cnts with CP 6114 Freciop Sealant.
5. For mamenance reazons, 3 DGHSHon Z6d Could
be parmanently marked with an identacaion plate.
rcuch 3 caza. mark the identdcaton plate and
12ton it in 3 v bie POItion nGxt 10 the coal.
u l -
1. Cma= cperng. 2;.. 5. Ot baccha = IM‘M

e ]
i suce

Hilti. Outperform. Outiast.
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=T Standard flrestop detall

HIlitl CP 657 Intumescent

| APPLICATION |

Bricks
Test Upto Approvals R
Fire Integrity | 2 hr BS476 pt 20 7, b ®
Insulation 2 hr EN 1366-3 | Service penetration |
Acoustlcs 53 dB through
Air Tightness [ v | partition wall |
Age Testing |30 years

/Panlllon wall

I 168 mm dla stee| plpe c/w
30 mm thick mw or
A T Armaflex Insulatlon =
= F7r7 contlnuous or up to face of — —
A al
7
Seal all gaps
with CP 611A
®(<
7 o2
/////// v T g
ntumescen
////// Brlcks
//K \88 mm dla copper plpe = ).
snidgiali Aiands c/w 40 mm thick mw or ®. / /
Armaflex Insulatlon f
tin h
ML gesine spmmun_/ catoncs
B plastarboard strips lrays,
100 flxed at 300 mm crs baskels
s to wall where
it requlred
200 mm

The above appllcatlons are
not exhaustive, For further
detalls please contact

1, The apgllcatlon limlts en thls detall sre for guldance purposes coly, For

more delalled [nfermatlon on the ful] range of avallable test results
please contact a Hlll Flrestop Speclalst on 0800 885100,

2, The product and apgllcatlon has been fire lesied as a miplmum © BS
476, |t may have add|tjonal European and woddwlde =sting, Fleass
contact HI|! for turther [nformation,

3, All Installations should be carrled outln accordance with Hilifs

Installatlon Instructlons, by compatent, experlenced Installers using HiY

branded preducts,

15.03.11 | Drawn by | A Brockett

FS[114 |lssue|01 |

HIHI (G, Belizln) Limbied | 1 Trafford Wharf Roed | Traford Pack | Mancheste: MAT 1BY

Fraeghons: 0800 886 100 | Fresfax: 0800 886 200 | wweshlilcouk
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=T CP 657

Additional Properties of CP 657 — Firestop Brick

Property Test regime Notes
Fire BS 476-20 v
090a(g
LPCB )
LPS 1132 lasue 4 - 1999 -
Requirements and tests for
LPCB Approval of Wall and
Floor Penetration and Linear
gap Seals
FM approval (Class 4990) v
Acoustic EN IS0 20 140-10: 1992 Dirvw 57 dB
EN IS0 20 140-10: 1992 Cables Dn,2w, 58 dB
Ageing DIET \
DAfSTE v
Fire test after ageing -
Air sealing DIN 1026 /
Pressure difference S50Pa
Pressure difference 200Pa d
Electrical resistance surface resistance ¥
Volume resistivity v
Insulator es
Water resistance Rain Resistance N.R
Water tightness UL 1479 N.R
VioC LEED 2009 LEED 3.0 4.4gh

Chemical Resistance  Contact Hilti Technical Advisory Service with details of type, concentration, duraion and
ambient temperature of exposure conditions

M.R Mot relevant
¥ Meets standard

Hilti {(Gt. Britain) Limited, Telephone:
1 Trafford Wharf Rinad, Trafford Park, Manchester M1T 181 0800 B3 100
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HIL=T] CP 657

CP 657 —Firestop Brick - BREEAM criteria

BREEAM Section

Management construction site
impact

Health and wellbeing

Energy

Materials

Waste

Product contributes to Green
Building under this clause

Mot applicable for this product
Product makes Mo confribution to
green Building under this clause

MNo power tools required for
installation {no energy source
required)

Dwst free installation

Saves water during application
Mo water pollution

Low YVOC* (air quality)

Mo ozone depletion potential
(ODF)

Low global warming potential
(GWP)

Smoke and gas fightness
Moise reduction

Aijr tightness

Awvoidance of air infiltration

Product Carbon Footprint or LCA
Data

Themal inzulation

Recycling of packaging

Reuse of materials
Repenetration in existing opening
(Mo waste)

MA

SN O8N

L T T T T

EY

Hilti {Gt. Britzin) Lirrited,

1 Trafford Wharf Road. Trafford Park, Manchester M1T 18Y
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A.2.5 CP660 Expanding Fire Seal

Hilti Firestop Systems [ (S|

Expanding fire seal
CP 660

Applications Technical data
8 Pemmanent firestop seals in small and medium-sized openings. CP 000
{optmum =ize range: 100 x 100 mm to 400 x 400 mmy)
£ Fire rating Up to 2 hows in walls
: C&bﬁﬁ.bﬂdﬁdwwem Up to 3 hows in floors
Openngs accommodating ppes s Concrete, Mazonvy,
Base materials . Drywall,
8 Plastc ppes n conjuncton with Hilti firestop collars and /f or Beck
wWraps Application temperature range 40°C
8 Metal pipes (uninsulated or with flammabie or non-flammabie xc
mnoulation) Acoustics performance Up to 47dB
= Plastc ppes up to 50mm Colour Red
Alr Leakage Rating ©.0007 nm¥/h (min}

Advantages

® Tested in unkined dry wall openings

B Clean installation without need for formvwork or other aids

® Easty apphed using the ergonomically-designed Hilt: dispencers

B Safety first CP 680 complies with the requirements of —
intematona fire protection drectives

® Neat and tdy apphcation, easily shapsabie foam and remains. '
flexible ]

B \ery quick and easy to install, 3 reliabie firestop seal with only
ons

o a0

Ordering

Order description Package Contentz Package Quantity Item number
Firestop foam CP 660 expanding fire s2al, moing nozzle, 1pc 00203517
CP 000 INT instructons for use

Dispenser CP 000 Manual dispenser kit in 2 Hilti case 1pc 00033554

Can siso be Installed with standard Hitts HIT dispenaers (MD 2000, ED 3500-A).

a1 Visit the Hilti Firestop Design Centre Register today at www.hilti.co.uldcfs
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Hilti Firestop Systems

Technical Information

40¢ mm

CPB43N Callar for

betwaan
/—pm?lpn

400 mm

\7\ \\\
)
:

110mm

Mir 100 mm

SECTION A-A

online at the Hitti Firestop Design Gentre at www.hilti.co.ul/cfs

Installation instructions for CP 660

Notice
*  Bsfors handing, reac Materal Safety Data Sneet and
procuct Sbel for T3fe LCage ane haalth mormaton.

Applcation of fireztop

1. Clsar the 0penng 20 be co3ed hee fom dust or
oreaze.

2 Sids e foil pack o the hoidee

3. Remove tha cap. Screw the muung nozse 3l e way
orto the 1od pack and tghten 2 secusly.

4. Inzent e holder contaring $he 1o pack into the
czpencen

5. Deoad the uneventy mied intal guantity

& Appty the f152i0p 102 1 tha 0psnng 10 De saaied.
The muxed compenems of the 19am react and Degin
10 Gxpand approx. 30 Ze00nds M oDkCatoN 2t
23°C. Fil the operwng compistaly with fhaztop foam,
ncluding gapc between mdwidual cabies, etc.

7. The foam can be shaped or moothed by fara (it
TeCCIsay) after 2DPrTK. S MINUeS §t 23°C). Viear
Drotectve QOVes! Aftor aporox. 10 mnutes (a1 23°C}
s foam becomes havd and £ oan then ba cut.

8. Mourt ths nztalohon dentdcaton plats becde the
conacty seded Openng,

S. Addtona! cabiss of PiReS Can s inctalied nthe
0penng without dffioty. Do not axcesd the
20pHOVed MIOMUT NUTber and TiZs of cabies or
DDz, The Calie o pipe may 26 pushed dusctly
vough 1 foam. Whars NeCessary. u56 3 sutable
100! (scrowdiver O Ol bit, $8c.) to maks a hale A
s 102 befors Duzhing $6 DK O Pipe through
Saal any remaning caps carsfuly wih CP 550

Storage

* Stoe in 3 cool. cry, dark DIaCS 3t 3 tempeatuie of
+5°C 10 +25°C / ~4T°Flo +TT°E

* Obzerve GxDey Gt 0N PACKINS

2 |
nmn 5]

Hilti. Outperform. Outiast.
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| || ™y o | Standard firestop detall

HIitl CP 660 Expanding flre seal

BS476 pt 20
EN 1366-3 [ Plastlc plpe/Cables |
passing through
| Solid wall |
e Min 100 mm
CPG43N Collar for +N—
plastlc plpes between TR
T L 50mm- 110mm r.
7
PVC & FE plpes 9 d
el o | up to 50mm | G
gL o 2
g ¢ Pl
™~ CP660 expanding % 7% "
a

flre seal c —
\Cables/cable trays / ]

SLY D5 4

SECTION A-A_

CP648 [ntumescent wraps may be used as an alternatlve to the CP643N collars for combustlble plpes
between 50mm - 110 mm,

The above applicatlons are
not exhaustlve, For further
detalls please contact F

1, The application limlts on thls aetall are for guldance purposes only, For
mare dolalled Informallon on the full range of avallable test results
plesse cantact a H Flrestop Spedallst on 0300 886100,

2, The proguct and application nas been fire tested as a minlmum to BS
476, It may have addltlonal European and worldwide testing, Please
contact Hltl for further Informatlon,

3. All Installatlons should be carrled out In accorcance with =ill's
Installation Instructions, by competent. experenced Installers using Hil
branded products,

08,0108 |Drawn by |R Wakefleld | |Fs | 064 [Issue|01 |

HIl (Gt Brltaln) Limbed | 1 Traford Wharf Road | Trafford Park | Manchester M17 18Y Fresphone: 0800 886 100 | Frestax: 0800 886 200 | www.Hill.co.uk
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| || ™y o | Standard firestop detall

HIitl CP 660 Expanding fire seal

BS476 pt 20
EN 1366-3 [ Plastlc plpe/Cables |
passing through
| Drywall |

CP643N Collar for

o plastlc plpes between
Lot | 50mm - 110mm

PVC & PE plpes
up to S0mm

—

/ ? 77 3
< A7
/ P // A
: CP660 expanding r 2
7

flre seal c

i Cables/cable trays / J

Mineral wool shutter SECTION A-A

400 mm

ESSS
2

CP648 Intumescent wraps may be used as an alternatlve to the CP643N collars for combustlble plpes
between 50mm - 110 mm,

CP660 has been tested withln an unlined aperture with just a mineral wool shutter used to support the
seal as |t expands,

The above appllicatlons are
not exhaustive, For further
detalls please contact

1, The applicatlon limits on this getall are for guldance purposes only, For
more delalled Informatlon on the full range of avallable test results
plesse contsct a H|l Flrestop Spedallst on 0800 838100,

2, The product and appllcatlon nas been flre tested as a minlmum to BS
478, It may have addltlonal Evropean and workiwlde testing, Please
contact HIlt for further Inferrmatlon,

3. All Installatlons should be carrled out In accoraance with Slitl's
Installation Instructlons, by competent, experenced Installers using Hiltl
branded products,

08.01,08 |Drawn by |R Wakefleld | |Fs | 065 [Issue|o1 |

Hillll (Gt. Brltaln) Limbed | 1 Trafford Whar! Road | Trafford Park | Manchesier M17 1BY Fresphone: 0800 836 100 | Freefax: 0800 886 200 | aww.NIlLco.uk
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HIitl CP 660 Expandlng flre seal

Standard flrestop detall

| APPLICATION |

Test Up to Approvals
Flre Integrity |3 hr BS476 pt 20
Insulation 3 hr EN 1366-3 |_Plastic pipe/Cables |
Acoustics 47dB UL passing through
Alr Tightness | v/ FM | Solld floor |
Age Tesling |30 years LPCB
PVC & PE plpes
CP 660 expanding " up to 50mm
flre seal
Max cpenlng slze Cables/cable trays
400 x 400 mm /
/‘ /“ (9
Concrete floor |
slab
, )
7, 7 //’/ .
7 >, / e oy
\ 1
=
£
| B
CP 643N Callar for ! -
o < o N

1, The application limlls on thls dets|l are for guldence purpases anly, For
more ¢etalled Informaton on the full range of avallable test resulis

plastlc plpes between
50mm - 110mm

The above appllcatlons are
not exhaustlve. For further

detalls please contact

\____ CP 648 Wrap for plasilc
plpes between 50mm-
110mm

please contact a HIltl #lrestop Speclalst on (800 886100,

2. Tre procuct ane applicatlon has been flre tested as a minlmum to BS
476. 1t may have sddltlonal European and worddwlde testhy. Flesse

contact HIltl for further Ihformatlon,

3, All Installatlons should be carded out In accordance with HIl's
Installatien Instructions. by competen! experdenced Installers usling Ml

branded products.

22.09.11

Drawn by

A Brockett

|Fs |076 |Issue|02 |

HIl (G, Erbialn) Limbted | 1 Trafford Whar! Roed | Tra®ord Park | Menchester 417 1BY
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| [ [ ™ | Standard firestop detall

| APPLICATION |

Hilti CP 660 Expanding fire seal

Test Up to Approvals

Flre Integrity | 2 hr BS476 pt 20

Insulatlon 2 hr EN 1366-3 | Plastic/Metal plpe |
Air Tightness | v LPCB passing through

Age Testing 30 years | Solld fleor |

Note: Hlgher ratings can be achleved for plastic
plpes only, Contact HIltl for detalls Metal plpes up to 114 mm {(Non
combustlole [nsulation requlred

for T rating)

and/or
CP 660 expandling flre seal PVC & PE plpes
Openling dim, 400 x 400 mm up to 50mm
~ Cables/cable trays
B B
Concrete floor
slab
777 VAl -
7, 0777|||| e
vl A PREaI |
€
&
3
CP 843N Collar for . " -
plastlc plpes between o O o =
50mm - 110mm CP 648 Wrap for plastic
ploes between 50mm -
110mm

1. The applicatlon limlts on trls cetall are for gultance purposes only. For more detalled Informatlon on the full range of avalable test results
please contact a Hllt Flrestop Spechllst on 0800 886100,

2, The product and appllcation has bean fre lested as s mialmum o BS 478, |t rmay have addions| Europaan and worldwide test)ng, Flesse
contact Hlltl for furter Information,

3, All Installstlons should be carrled oul In sccordance with HIlL's nstallstion lrstrucons, by competent, expedenced [nstallers usihg Ml branced
procucts,

17,1210 | Drawn by | A Brockett Fs|107 [Issue|o1 |

HIIN (G, Beltsln) Limited | 1 Tratand Wnae! Road | Trattons Park | Manchassar W17 1BY Froephone; D&A0 886 100 | Froafax; 0S00 BEE 200 | wew, bl o ux
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Additional Properties of CP 660 — Expanding Fire seal

Property

Fire

Acoustic

Ageing

Air sealing

Water resistance

VOC

Test regime

B5 476 - 20
B5 EN 1366-3

LPCB

LPS 1132: Issus 4 0 1999 -
Requirements and tests for LPCB
Approval of Wall and Floor
Penetration and Linear gap Seals
ETA

EN 20 140-10: 1952-09

DAFSTE
Fire test after ageing

DIN 1026

Pressure difference S0Fa
Pressure difference 200Pa
Mold and Mildew resistance

LEED 2009

Hotes

IS0 846

LEED 3.0

¥
"
Certificate 090a/09

¥
Class 0-1

34.5g

Chemical Contact Hili Technical Advisory Service with details of type, concentration, duration and ambient
Resistance temperature of exposure conditions

M.R Mot relevant
v Meets standard

Hilti (5t Britain) Lirnited,

1 Trafford Wharf Road, Trafiord Park, Manchester M17 18Y
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10800 BEG 100
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=T CP 660

CP 660 —Firestop Expanding Fire Seal - BREEAM criteria

BREEAM Section

Management construction site
impact

Health and wellbeing

Energy

Materials

Waste

Preduct contributes to Green
Building under this clause

Mot applicable for this product
Preduct makes Mo confribution to
green Building under this clause

No power tools required for
installation {no energy source
required)

Dust free installation

Saves water during application
No water pollution

Low WOC* (air quality)

No ozone depletion potential
(CDP)

Low global warming potential
(GWP)

Smoke and gas fightness
MNoise reduction

Ajr tightness

Awvoidance of air infiltration

Product Carlson Footprint or LCA
Data

Themnal insulation
Recycling of packaging
Reuse of materials

Repenetration in existing opening
(Mo waste)

MA

b T 4

A . T T Y

S

Hilti {Gt. Britzin) Lirnited,

1 Trafford Wharf Road, Traffiord Park, Manchester M17 18Y
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CP 660 —Firestop Expanding Fire Seal - NBS specification clauses

This page is to be used in conjunction with the NBS Specification clauses in the introduction to the Hilti Firestop
Specifiers Binder.

Application: Imperfections of fit of building components and Service penetrations through fire
rated walls and floors requiring treatment to reinstate the fire performance of said walls and floors

P12 FIRE STOPPING SYSTEMS

PRODUCTS

FISINTUMESCENT FOAMS
* A graphite and PU based, two part, intumescent sealant. For permanent sealing of medium and
large penetrations in walls and floors and for use in concrete, porous concrete, masonry and
partition walls from 100mm to 200mm thickness depending on opening type and size, floors of
150mm

+  Tested to BS 476: Part 20: 1987 and BS EN 1365-3:2004.
* Fire Resistance: up to 2 hours
* Age tested as defined in the DafSth guidelines, with subsequent fire testing.
*  Manufacturer: Hilti (Gt Britain) Ltd, 1Trafford Wharf Road, Manchester M17 1BY, Tel no 0800 886
100, Fax 0800 586 200. Website wawwhilli.co.uk.
Product Reference: CP 660 Expanding Sealant
Hiti (5t Britzin) Limited, Telephone:
1 Trafford Wharf Road. Traffiord Park, Manchester M1T 1BY 0800 B4 100
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A.2.6 CP680 Cast-In Firestop Devices

Product Informa

CP 680-P and CP 880-M
Gast-In Firestop Devices

Foruseln

B Dust and fiber fee envimnments such as hospitals, computer
centers and Bbomtories

B Concrete floor assemblies rated up to 4 hours

Product description

B Aocne-step cast-in firestop device for a variety of pipe materials
and diameters

B Helps reduce labor costs and increase productivity

B Ready-to-use out of the package

B Internaticnally tested and approved by ULand FK

|

CPOA-PINCoNGRE  CPAA-M INGonaeE  GPGA0-Pover CPAa-H over
Peduces the chance of project delays due to failed inspections e ood cer viood K meldeck metal deck
Product features Technical Data GP 680-P and GP 680-M
W Cuick and simple installation
B Speedline Alignment system promotes faster layout o Foctprint Opening mouiredthu metal deck
B CQuickTurn System creates fast, simple vertical connections 2 F3M A4-12° 312" diameter
B Integmted moistu re an d smoke seal 2 4504 25 5 412" diameter
B Innovative adapter for metal deck applications 4 6-3/5" #6-34" 5-1/2" diameter
£ 9" x0-12" 7-14" diameter
Installatlon and applications Expansion temperature 2E0F (20052)

B Concrete floors from 2.5" [B% mm) thickness for either flat concrete

or concrete over metal deck Expancion rate 1:30 i;i%t:;?:;edsmd =
CP 630-M: ’ 20nfom

- Ingulated and non-insulated metal pipes Standard height &

- EMTand electrical conduits Temperature resistance Masimum 2 12°5F (100°C)

- Cablke bun dies Golor CPE20-P: ed

- Multiple pipes CP 620-M: black
CP 630-P Approvaks

= Califo mia State Fie Marshal - Ho. 4455-12000135, 4485 -1200:136
= City of Hew Yok - MEA 1-07 -0, MEA 2-07-M
Teste din acoordance with

=L 1478
=ASTMES14

Internationaly tested and approved

FREETOF DEYCE
FOF USE IN THROUGH. PENETFATION
I . FREETOR SVETEME
'SEE UL FIFE FEE ETA MCE DIRECTORY
SHTE

Addresses all applications for CP &20- M as well as the following:
- Plastic pipes such as PG, CPVC, ABS, ENT and FRPP
- Fresh and waste water pipes

Not sulted for

B Amras with high condensation
B Cutdeor areas

W Wall applications

<> FBC

APPROVED

Installation instructions

Motice

= Bebre handing, rad Maedal Bakety Dab. Sheat
and product bbel forsafe usage and health
Informatkon.

Inztuctions beiow ate genatal quidziines — atways
2t tothe appiicable dawing In the UL Fie
Pesktanca Diwectory o HItl Fliestop Systems Guide
trocomplete Instaliation Information

Instructions for use

= Balie pounng conciets, 52cu m the cover cap in
praca, theweby prevanting the fiow of concietz Ino
the cast-In davica

= Do not use by wallapplcations

Gonorete floor with metal decking

Forconctete fioorwith metal deching appications use
the conect ske CP 680 Metal Deck adaper for Instalied
cast-In devise and bliow the llustations.

8 A A
lisidilisil

Goncrete floor

Irstallation option

Foliow the llustrations FCP 880 has to be cuttosbb
thizknass before nsBlEtion, orwhen tsercamps ae
uzad.

- § 2 i]
o
' Hilti Firestop
Sawing ez
| through innawation
L and education
Hilti. Outperform. Outlast.
16 Hilti, Ine. {U1.5.) 1-800-670-5000 = wensrus.hittiooom = en espaiol 1-400-570-5000 = Hiti Fiestop Systerms Guide
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=T

MSDS No.- 315
Revision No.. 000
Revision Date: 11/10/08

Page: 102

MATERIAL SAFETY DATA SHEET

Product name:
Description:

Supplier:
Emergency # (Chem-Trec.)

CP 680-P / CP 680-M - Cast-in Firestop Devices

CP B20.P . Black intumeascant material enciosed in a rad plastic housing

CP 880-M - Black inturmescent material enclosad in a black plastic housing

Hilti, Inc. PO, Box 211438, Tulsa, OK 74121

1 800 424 8300 (USA, PR, Virgin |slands, Canada), 001 703 527 3337 (cther countnies)

INGREDIENTS AND EXPOSURE LIMITS

Net applicatie Ths product s consikderad to be an “article’ as defined

in the federa OSHA Hazard Communication Standard 29
CFR 19101200 7 1926 59

PHYSICAL DATA
Appearance: Red plastic sieeve (CP 680-P) Odor: None
Black plastc sleave (CP 680-M)
Vapor Density: {air=1} Not applicable. Vapor Pressure: Not spplcable.
Boidling Point. Not applicable VOC Content: T6gh
Evaporation Rate: Mot applicable Solubllity in Water: Not determned
Specific Gravity: Not determined pH: Not agplcatie
FIRE AND EXPLOSION HAZARD DATA
Flash Point: Not apglicable, Flammable Limits: Not applcable
Extinguishing Media Usa extingushing media approprate for surroundng fire.
Special Fire Fighting None known
Procedures:
Unusual Fire and Explosion None known Product serves as a firesiop, intumescent material nside plastic collar expands
Mazards: when exposed 1o termperatures > 160° C ! S20° F.
REACTIVITY DATA
Stability: Stable Hazardous Polymerization: Wil not oocur
Incom patibility: MNore known Decomposition Products: None known
Conditions to Avoid: None known
HEALTH HAZARD DATA
Known Hazards: Nore knowa Routes of Exposure: None knewn
Signs and Symptoms of Nonre expacted from routine use/nstaliation according to manufacturer’s specifications and
Exposure; technical guides.
Carcinogenicity: No ingredients are ciassified as a caranogen by IARC, NTP or OSHA
Madical Conditions None knowe
Aggravated by Exposure:
EMERGENCY AND FIRST AID PROCEDURES

Eyes: Immediately flush wih plerty of water  Call a physaaan # symptoms ocour
Skin: Not sppiicable  Practice good hygiene; |.e. wash hands during breaks. before ealing of smoking

and after work
Inhalation: Not appicable
Ingestion: Not 8 potential route of exposure.
Other: Referral to a physican s recommended if there is any question about the serousness of any

njurylexposire.

CONTROL MEASURES AND PERSONAL PROTECTIVE EQUIPMENT

HILTI @ i 8 regstered rsdemark of Il Corp.
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Ventilation: General (natural or mechanically induced fresh ar movements)

Eye Protection: Not required. however, safety glasses shoukd be womn in moet nduslrial seltings
Skin Protection: Naone requred, howewver, (cofton) gloves recommended

Respiratory Protection: No respiratory protecticn Is neaded for nomnal apphcation of this product

PRECAUTIONS FOR SAFE HANDLING AND USE

Handling and Storing Store in & cool dry area. Follow instaiiation instructions.
Precautions:
Spill Procedures: No specal requirements.

REGULATORY INFORMATION

Hazard Communication: E::m p:':dmua ':s s:ondmaguod o be an ‘amcke’ as defned in the foderal OSHA Hazard
DOT Shipping Name: Not regulated
IATA 1 ICAQ Shipping Name: Not regulated
TSCA Inventory Status: Cherrecal components Isted on TSCA mventory
SARA Title Ill, Section 313: This proctuct 5 classfied as an "article” and Is not subject to reporting under Section 313 of SARA
Tile [If (40 CFR Part 372)
EPA Waste Coda{s): Not regulated by EPA as a hazardous waste
Waste Disposal Methods: Consult with regulatory agencies or your corperste personnel for disposal methods that comply
with local, state, and federal safety, heath and ervironmental regulations
CONTACTS
Customer Sarvice: 1 600 679 8000 Technical Service: 1 800 879 8000
Health ) Safety. 1 800 879 8000 Jeery Metcat  (x6704)
Emergency #{Chem-Trac): 1 800 424 8200 (USA, PR, Virgin Islands, Canada); €0t 703 527 2647 (cther countnes)
The information and recommendatons containes heren are based upon data bebeved to be t, h . NO gt or
waarranty of any kind expressad or implied s made with respact to the inforrration provided

MSOS 315, Page 20/ 2
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Certificate of Compliance

Cortficato Nurber  200861214-R15431 Pagetolt

Rapon Releence 2006 December 14

lssu=Date 2006 December 14 un“mntm
Laboratories Inc..

Issued to: H“ti ’ |nC.
3400 S 122ND East Ave
Tulsa, OK 74146 USA

This is ta certify that irestop Devices
representative sumples of - Cp 680-M 2 in., CP 680-M 3 in., CP 680-M 4 in_, CP 680-M 6 in.,
CP 680-P 2 in., CP 680-P 3 in., CP 680-P 4 in., CP 680-P 6 in., and CP 6&1

Have been imvesigated by Uniderwriters Laboratories Ine. & in
accordance with the Standavidis) indicated on thiy Certificare.

Standard(s) for Safery:  ANSUUL 1479, CAN/ULC-S115-05

Adiditional Informagzion:  CP 680-M 2 in., CP 680-M 3 in., CP 680-M 4 in., CP 680-M 6 in.,
CP 680-P 2 in., CP 680-P 3 in., CP 680-P 4 in., CP 680-P 6 in., and CP 681
for use in Through-Penetration Firestop Systems as currently described in the
UL Fire Resistance Directory.

Ounly those products bunreing the UL Classification Mark shounld be consldervd as being
covered by DL Classification und Follow-Up Service

The UL Classification Mork moludes: UL in g cirele svmbol @ with the word
CLASSIHFTED” (us shown); o comrol mumber (ray be alphanunwetic) assigmed by Ul

atement ta inbicare the extent of UL s evaluanan of the product. amd, the product categor
mame (product idemnity) as indicated in the appropriate UL Disecnor

Look for the UL Ciassification Mark on the product

b e e

~h s
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A.2.7 FS-ONE Intumescent Firestop Sealant

" i

FS-ONE
High Performance

Intumescent Firestop Sealant
Product description

o |ntumescant {expands whon axposed fo fir) firestop seasnt at
heipe pro ombustible and son-combustible penstrations for
Up Lo A sours firs rating

Areas of application

o Steel copper and EMT plpes
* |2sabted stesl and copper pipes
s Cablk bundks
o Clsad or venled plaste pipes
o HVAC penatrations
For use with .
o Cancrate, masonty, dryws¥ 4nd waod floor asgembies Internationally tested and approved
o Wyl and thor zzsemblies waled up 10 4 hosts

_)g.';'r." nl‘nl{ﬂ't;f:;:lahu
Examples RN vicesmmiion sianosesw
. Sr,;‘l?g around plastis pipe panetealions in firg rated mw":::';ymgm- .u.m «::;_“_'_’

constracton e ncs"ﬁ_!';usmu-,w PRI, o | — o
o Sealing around combestible and san-combustible penstrabions
in fire rated constructon
System advantage/Customer benefits
o Protects mast typkeal firestop penstratios applications
o Easy to work with and lest cleanup
*  (Cap b= repanabrated whan laying new cabks
o Can bé panted
FS-ONE
Codorey p
Demriptics (T Package ertents Vokawe e B — v
FS-ORE tube  red 10,7 oz, (300 mi) 18w RSS9 ————
PS-OHE toll  red  (Q1y20)20.2 02 (500 ml) 360w 00311387 o ——_
FS-ONE, pail ~ red 5 Galions (19 liten) 1155in° 0259578 e
C8 200 P-300/310 md Dispenser 005525 o ——
600 ml Foll Dispenser 0h24650
| |
|
4

12 Saviny Lives moug: innovation 8 acaten s Hilk Firesiop G 2001 « HIll US.- 1-800-675-8000 7 waw .l com
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; = ¥
m Installation Instructions ﬁ

FS-ONE
High Performance Intumescent

Firestop Sealant
Product description

* |ntumescant (expands when exposed to fire) firestop sealant that
helps protect combustible and non-combustible penetrations for
U 1o 4 hours fre rating

Product features

o Smoke. gas and water resstant

* Cortains no ha'ogen, solvents or asbestos
* High tue rating properties

« Water based. easy to clean

Tested in accordance with
o UL t470

o ASTMESZ14

o ASTMES4

Instaliation instructions fnl FS-ONE

Catvia fastallation
b .

Technical Data

FS-ONE Intumescent Firestop

Cat 75°F (23° €1 and 505 redsdva humd ity )

Chanied bas: Waker-based inlimesoe acrde dégerdon
Dinsity Appros. 1.5 gem’

Color Rad

Working time Approx. 20-30 nm

Cunng timw; Approx 1821 days

Shor A Hinlress Approa 35

Mot capadiily Apptus 5%

Int: t Reavation Approx 250°F (121°C)

Eap Tate (unrasaneted) Up 10 3-5 Simes aogim| 1olune

A0°F {40°C) 1o 21 2°F (100°CH
35°F 2°C) o 100°F (55°C)
Rame Speved 0

Tengeratlige sesastanco jound
AP0 BITEant s
Strtpe buming tharscsnstes:

(ﬂ§“.‘ F 2498 Suke Owydopesst 6
Sound trarswisson tassifcationr 50

ASTM E 80-97

Approvals

1CB0 Evaluion Servive, k.
Catlomia Saln fire Marshal
City of Hew Yook

Raget Ho 8071
Listrg Mo 1200108
TMEA 526-56-M Yol Il

2 Eack mvverad won!
A e}

T, Csany apening

Fips installatien

1. L aporing 2 Fazk nooad s

AT raral)

7. Appy FS-{

¢ Stwoath FNE

¥ Sovooth A5

< )

5 Cany conpwer sl & Faster Masthcaan
A e S0 AW e R (1 oot

8 faln Mantiicaian
Y (2 tvasina

5 Loy onpeses sad
avoniad Gy 48 s

Openieg
1. Clsn o opaning. Swifeces to which PS-OKE wil be appdied shoud tw
ceanad of Jooes dadeis, del, of, mossture, fost sl eax. Stischess
sappoting penstratng Baims must be instalad In complancs with
Joeal buflhng and dectricd stndants
Mlkwn ol Brestop seatanl
Instal ther peass b tackBibng matertal typs aned depth 10 0t e
tesiead ration) (f feauntend). Liave suffichent depth dor spplying FS-ONE
Apphcation of lirestop seatud: Apely FE-ONE % the roguiad depth in
0rdar 1o oblain $w dasined e rating Make sure FS-ONE contacts &
surlaces 0 provid fealines adiesaon. For apglicadion of FS-0HE e s
standard cauthing gun, fol pack gun Bok kesder sl 2ok gun With FE-
ONE duckete, Graco ype sealand puings may e osed. (Contact pusp
matvelaciutes fur progies sebuction).
4 Sowoming of krsiop sealant: To noosplele the Sead ool immeduldy %
Give 3 Sn0ol apeearance. Eaneds Seatid, prioe 10 curing. can be decand
wway bom adpot Surfaces and Yools with wals
Leave rnnokhﬂ seal undister bad foe 48 ours,
Foe & NS, 2 persration ses couli b perasdy marked
with an entfication plale [0 such a cage mark Hw identifcanon plate
anst Hasten 1| ina ishin posson ot o the: seal

o

o

Saving LIVES e exunision & sveation « Wl Firssiop Guide 2001 »
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Notlea about apgrovals

*  Check that the panstraton has Desn seaiad acotedng (o e speciiod
drswing in the UL Fire Rasistarcs Dirscthory or Kl Frestop Macual. For
Turthar ackics, pleasa comatt HIN cuskmar sarvce Reler 1o HIN peodent
Woraturs ) UL Rre rsistanco dreclory hor specilic appicaton detsls.

la loe use...
Huh mewement axpansion jonts

o Undermater

o Onmateids where ofl, glastiazers o soboails oy Meod L2 inpesgratial

wood, ull hasid segls, green of partially vubcanired rebbar

o 0 aly peredrnon ofwe $En hose spealicaly descnbed in 1is msosal
Of e eed separks

Sadaly procafions

s Bedore hanading, read Bwe product and Matisial Safety Data St for
thetaile use v bosat®r inlormadion

o Kivp ot of eeach) of cildne

o Wiar sulable ghwes and epe peolection

o Stute tedy in e niges packagiog in & locaton goolected from mastuty
o wperidutes batwem 40°F {5°C) aord B6°F (30°C)
o (Sserva piration chde nn the parkaging

K U5 1-800-BYS-DX00 / www 15 hilti soom 13



APPENDIX A. FIRE SYSTEM SPECIFICATIONS

'ﬁ Material Safety Data Sheet m

HILTL, INC.: P.O. Box 21148, Tulsa, OK 74121; Ph: 1 500 879 6000; Emergency No.: 1 800 879 4444
PRODUCT NAME: FS-ONE High Pert In nt Firestop Sealant MSDS No.: 289
Fievision No.: 008
DESCRIPTION: One-part acrylic-based sealant Oate: 0819/50
Page: 1o12
INGREDIENTS AND EXPOSURE LIMITS
Ingredients: CAS Number: PEL: TLV: TEL:
Calcium carbonate 01317-65-3 5 mg/m’ (T} 10 mg/m' (T) NE
Ammanium palyphosphate 68333-79-9 NE NE NE
Boren trioxide 01303-86-2 15 mg/m* {R) 10 mgm? NE
Alkylphenolethersullate, sodium salt 69011-84-3 NE NE NE
Tak 14807-96-8 20 mppel 2 mghmy’ NE
Znc oxide 01314-13-2 5 mg/m’ (T} 10 mgimy' NE
Expandable gaphte 12777878 5 mgim (T} 2 mg/m’ (M) NE
Ethylene glycol 00107-21-1 NE G100 mgim? (A) NE
Pofybutene 09003-28-6 NE NE NE
Iron oxide 01208-37-1 10 mg/m’ 5 mg'm’ NE
Glass flament 85887-17-3 NE S mgim’ (T) NE
Sikcon dioxide 14608-60-7 0.05 mg/m* (T} Q.3 mg/m’ {T) NE

Abbrevigtions: PEL = OSHA Parmissités Exposure Limit, TLV = ACGIH Threshold Limit Value, C = Celling. STEL = Shoet Term
Exposure Limit. NE = Nona Established. NA = Not Appicable, (1) Indicates “as total dust®, () indicates “as resplrabis
fraction®. {A) Indkcates “as an aercsol”, mppef = milbon particles per cubk foot

PHYSICAL DATA

Appearance: Fled pasts. Odar: Qdorlesa,

Vapor Denaity: (air « 1) Not determvned, Vapor Pressure: 23mbar @ 20C / 68F

Boiling Point: Not applicable: VOC Contant: None,

Evaparation Rate: Neat applicable. Solubilty in Water: Soluble.

Specific Gravity: 1.5 pH: Notdetermined,

FIRE AND EXPLOSION HAZARD DATA

Flash Pant: Non-flammable.

Flammabie Limits: Nat applicable.

Extnguishing Media: Not applicable. Use axtinguishing media se appropriate ke surrounding fire.

Special Fire Fighting Procedures: Nene known. Use o self-contained breathing spparatus when fighting
fires involving chamicals,

Unusual Fue and Expicsion Hazards: None known. Thermal decompasition products can be formed.

REACTIVITY DATA

Stabilty: Stable.

Hazardous Polymerization; Will not oceur,

Incompatibilgy: Strong acids, peroxkies, and oxidizing agents,

Decompostion Productsa: Thermal decomposhion can yleld CO and CC2.

Conditions to Avoid: Nene kaown.

HEALTH HAZARD DATA

Known Hazerds: None known.

Carcinagenicity: IARC classifies crystaling silica (quanz sand) as Gp | basad upan evidence

among workears In Industries whers there has been long-teem and chronic
axposure (via inhalation) to sllca dust; e.g. mining, quany, stone crushing,
refractory brick and pattery workers. This produst does not pose a dust
hazard; therefore, this classification is not relevant. Based upon the natuse
and intended use of this product, it does nat pose an increased cancer
risk to workers

210 Saving Lives v irouatin 5 odecatin « HIK Freskp Guite 2001 « HIll S 1-300-570-5000 / wav s 1t com
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¥
m Material Safety Data Sheetl ﬁ

Signs and Symptoms of Exposure! Poasibly iritating upon contact with the eyeés or upon repeated contact
wkh the skin,
Houtes of Exposura: Dermal.
Medical Canditions Aggravated
by Exposure: Eye and skin condtiona.
EMERGENCY AND FIRST AID PROCEDURES
Eyes: Immediately fush with plenty of water. Call a physician i symptoms occue
Skin: immeadistely wipe off material and wash with soap and water. Material can adhere 10 the skin.

If material has adherad to the skin, use an abvaalve contaning hand cleaner. |f materia!l does not
come off, buff wth a purmece stona,

Inhalation; Move victinn to fresh air f discomfort cevelops, Call 8 physcian If symptoms persst.

Ingestion: Seak medical attention. Do not Induce vorniting uniess directed by a physician. Newer give anything
by mouth to an unconacious person,

Other: Referral to a physican is recommended if there is any quastion about the senousness of the
Injury/exposure,

CONTROL MEASURES AND PERSONAL PROTECTIVE EQUIPMENT

Venthation: Genaral (natwal or mechankally Induced fresh alr movements).
Eye Protectiorc Not required, however, safety glasses should be wom In most industrial settings.
Skin Protaction: Avold skin contect, Cloth gloves are sultabie for hand protaction.

Respirateey Protection:  None normally required, Where ventiation is inadequate to control vapors, use a NICSH-approved
respirator wkh organic vapor cartridges, Never enter a confined space without an appropriate

airsupplied respirator,
PRECAUTIONS FOR SAFE HANDLING AND USE
Handling and Storing
Pracautions; Store in @ cool, dry aréa preferably between 50° and 100" F. Keep from freezing.

Do not stons in direct sunlight. Avold contact with the eyes or skin, Practice good
hygane; |.a, always wash thoroughly after handling and bedore eating or smoking.
For industrial use only, Keep cut of reach of chikdren, Follow Sbef/use instructions.
Sphl Procedures: Immedistely wipe away apilled material bafors It hardens, Placs In a containet for
proper disposal In accordancs with all appiicable local, state, or fedarsl requirements.

REGULATORY INFORMATION

Hazard Communication:  This MSDS has been prepared in accordance with the federal OSHA Hazaed Communication
Standsrd 28 CFR 18101200

HMIS Codes; Health 1, Flaemmability O, Reactivity O, PPE B
DOT Shipping Name: Not reguiated.

TSCA Inventory Statue:  Chemical components Ested on TSCA inveatory.
SARA Title W,

Section 313: This product containa 1-5% ethylene giycol (CAS 107-21-1) and 1-5% znc axide (re; zine
compaunds) which are subject to reporting under Section 313 of SARA Title lIl (40 CFR Part 272).

EPA Waste Cadels) Not reguiated by EPA as a hazardous waste

Waste Disposal
Methods: Consult with reguiatory agencies or your corporate personnet for disposal methods that
comply with local, state, and federal safety, heaith ard envionmental eguiations.
CONTACTS
Customer Sarvice: 1800 878 8000 .
Technicdl Servica: 1 800 879 8000
Ermargency: 1 80O 870 4444
Health / Safety: 1800 876 6000  Steve Germard (x6308)  Jerry Metcalf (x6704)

The information and recommendations contained herein are based upon data believed to be comect; however, no guarantee or
warranty of any kind expressad or implisd is made with respect to the information provided,

Saving LIVeS e exunision & sveation Wl Firssiop Guide 2001 « HIE U3 : 1-800-879-9100 / mwrw 1 it e 21
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'TH Certificate of Compliance - FS-ONE m

Northbwook, nos « (706) 272-8800
M, New York - (516 271-6200
@ Underwriters Laboratories Inc.« ot Dhns. Gk« 608 0462900

Aesoarce Trarghe Park,
North Caroln - (919] 543-1400

CERTIFICATE OF COMPLIANCE

CERTIFICATE NUMBER: 211057

ISSUE DATE: October 21,

il i n Chemicals Inc.,
0 L2 Avenue
al USA

Report Reference: R13240, February 14, 15%7

This is to Certify thal
representative samples of: = < 2 o

i, Veid or (‘nvxtg Materials omi art
L | FS Oni ifie

Fil}, v
designated as (alaso ident

Have been investigated by Underwriters Laboratories [ne. in accordance with the Standardis)
indicated on this Certificate.

Standard(s) for Safety: UL 147%, Fire Tests of Through-Penetration
Firestops;
UL 207%, Tests for Pire Resistance of Building
Joint Systems.

Additional Information:

Thiv eeteriel 1o 4 one pott Intusesdent firestop sealant Lo eve 14
chrosgh-penetration firestop syacess, Thesa sesfanta azw Claceified

ar "Fii1l, Void or Cevity Matwrials® for use in varzpus Throuph.
fenetration Pieegtop Syscans av gpecifisad in Voluss 2 of UL'm Pive
Rraistmace Dizectory.

Only those products bearing the UL Classification Marking should be considered as being
covered by UL's Classification and Follow-Up Service.

The UL Clhassthication Marking includes 1he name "Underwriiers Labaratocies 100 "; the word “Chssified”; o control
number {may be alpls o) assigned by UL: a 10 todicate the extent of UL's evaluation of the prodoct;
sl the peoduct category mame (peoduct kentity) e todicsinl in the sppropriate UL Directery.

Engineer: N\L‘Ltl‘[[ /(*Aj-—\___ Review Engineer: , ~— \/ —
Underwriters Labaratarses lne, Umkmllm.s Laboratories Inc.

s lavic

2000440 (692)

234 Savlng IJVBS Throig® nnovalion & edecation = Mt Fresiop Guide 2001 « Mt US - 1-B00-278-8000 [ waaw us. hiti.com
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A.2.8 CFP-S WB Fire Protection Steel Spray

Fre Potec

W Tested to ASTM E119 forup to 4 hrfire
rating

B Water based, bbow VOC — allbws for fast,
egsy cleanup

B Reduced dry time permits additional coats
to be applied faster

B |Infinite coloroptions possible with
approved topcoats

| Wide flange steelcolumns

B Holbw section columns

B Restrained and unmestrained beams
B Concrete and steel floor units

Cross bracing protected
with intu mescent coating

Typical Hilti Fire Protection
Steel Spray application

Hilti innovation meets steel
protection.

Fire Protection Steel
Spray CFP-S WB

Bringing the same quality professionals
have cometo rety on to a new fire
protection steel spray, Hiltiannounces
yet ancther market innovation. The:
new Fire Protection Steel Spray
CFP-SWE is awatet-based, low
VYOG spray which allows for fast,
easy and safe clean up.

Featuring a reduced dry time, it helps
increase productivity for a variety of
applications. And with uptoa4 hour
fire rating, common uses include wide
flange steel columns, hollow section
columns, restrained and unrestrained
beams and steel floor and form unit.

Thecombination of outstanding service
and superior products solidifies Hitti's
ability to deliver unmatched value to

architects and fire protection contractors.

Technlcal Data CFP-5 WB
Packaging 55 Ib pail (25 kg pail)
Ghemical basis Water bazed polymerdispersion
Gonsistency Sprayable liquid

Golor White

UL test design Up to 4 hours fire rating (4 STM E112)

Surface burning characteristics

Flame spread 0 (ASTM E84)
Smoke development 20 {4 STM ES4)

Solid substance content 72 +2 (% viv)
Denzity 111 Ibfgal {1.33 ka/l
Ph-value 8-9
Pecommendedstorage temperature 41°F to 104°F (5°C to 40°C)
Pecommende dapplication tempeature 50°F to 104°F (10°C to 40°C)

Drying time

Approx. 6 hoursat 75° F(24° C)
and 50% relative humidity for
30 mils (0.76 mm) WFT

Adhesion

210 =i (ASTM D541)

Durometer hardness

€1zhore D (ASTM D2240)

Impact recistance

726 in Ibe (ASTM D2704)

Abm@sion resstance

0,468 g / 1000 cyckes, (A STM DA0B0)

YOG 49 g/l

Order Information

Onder Description Qty tem No.
Fire Protection Steel Spray GFP-S WB 1 0433115
Fire Protection Steel Spray GFP-S WB (Pallet) 18 03485272

2 Hitt, Inc. (USA) 1 -800-879-8000 | wivivir hiltlcom | en espanol 1-800-879-5000 | Hitl(Canads) Corp 1-800-283-4458 | wawwv. hiltlca | CFP-S WE Submittal Informaton 42010
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Fire Protection Stesl Spray
CGFP-5 WB

Product description
M Fire protection depemion to belp potect bad bearing steel structums
in inte rior enwim nme nts against the effects of fie

Product features
B Tested fo ASTM E119 for up to 4h fire rating

W Water Bazed, kbw WOC — allows for fast, easy and safe clean up
B FReduced dry time permits add tional cogts to be applied fa=ter
B Infinite coloroptions possible with appmoved topooats

Areas of application

B Wide flange steel columns

B Hollow steelsactions

B Restrained and unrestmined beams

B FRestrained and unrestrmined concrete and steel floor units

Primer

B The primerused should be of the phenolic msin modified alkyd type. A
comespanding listing of tested and appmved primes can be found at
the Hilti Technizal S=rvices Department.

Top coats

If de=ired or equired the following tested and approved fop coats may be
applied for decorative purposes.

B Glidden Fremium Exterior Latex Semi-Gloss GLESKX

B Benjamin Moore Moomlo® Soft Gloss Fortified Acnvlic House Paint
B Sherwin Wiliams Steel Master 3500 30% Silicone Alkyd
UL-Listing

B BXUVYET! — for wide flange steel columns

B BXUN.YE12Z — for hollow sections columns

W BXUV.HEZ! —for beams

B BXUV.0AT5 — forconcrete and steel floor units

Technlcal Data CFP-5 WBE
Packaging 85 Ib pail (25 kg pai
Ghemical baskE ‘Water basad polymer dEperEion
Congiste noy Sprayatble liquid

Golor ‘White

UL test design Upto 4 hours fire mting (ASTH E113)

Surface burning charactertics

Flame spread O (AST M ES4)
5make deve bpme ot 20 (ASTH Ead)

Solid subetance conte nt T2 & 2% v

De ity 11.1 Ipfgal (1,35 kT
pH value g-3
Pecommendedstorage A15F o 1089F (5o 1o 40°C)
te mperatum

Pecommendedapplication
temperatume

BOFF to 104°F [ 10FC fa 40°C)

Drying time Appme. & hours at 75 F (24° C)
and 50% relative humidity for
20 miks 076 mm) WET
Adhesion 210 psi (ASTM D54
Durometer hardness E1shamre O(ASTM O2240)

Impact esistance

72 £ in Ibe (ASTM DZ70H

Abmasion resistance

0,468 g / 1000 cye bem (ASTM DIOED)

Voo [T
Mastc and humescentCoaing Are Fadstancs
Classcaton. Sa4 U LA r&k tnce
L] Diractery 2H32.
Installation instructions for CFP-S WE
Precaution 8. Afterthe bst coat has been appled, aliow te 8. K desled, ona of the above Ikied tested and

1.

Allstuctural staslto be coated with HI Fire
Protecton Steel Speay must b2 primad with an
appioved primet. The pimer must beapplied

In full complianca with the manufactuers
rwecommandations, and must ba fully cured. Tha
suHace must be ciean, dry and fiea of gegee, ol or
any cthercontaminant that may inhibst bonding with
the steal surace.

. HIttl Fire Protection Steel Speay must be

thoroughty mived betore use. A drll type miker &
tecommendad.

. Toachieva an optimum appearnce, appl Hittl Fire

Protecton Stael Speay In saveral thin coats with an
alrass sptayer. The maximum coating thickness par
coat ks 82 milwet Tim thizknass (WFT) i albess
Sptayat.

. Chachthe wat fim thizkness by using awat tim

thizknass gauge.

. Al each Epersuficient time todry befor

appking futther coat.

Flle Protaction Stazl Spemy todry sutficantly
bafore measu Hngthe dry fiim thizkness (DFT)
vl parmanent magnetks type (Eanana gauge)
o 2lRGtion i alactiomagnetic ty pe gaugae. Tha
product has cured sufficiently when perodic OFT
meazuEment provide a consksent mading.
Monitor the dry fiim thickness at mutipe paces of
the steal member, subtmctingthe thicknass of the
primat.

. Once finkhed, the work can be Inspecied by an
Indapandant Ins pactormaon bor,

-

5

appioved top coats may b2 appiied Br decoEthe
putpoEss.

torage and shelf life
Shatf ire & 12 month when stord betwaan
41°F (57 to 104°F (40°C) In owginal, unopenad
container. Saaside of plfor Batch WumbarEs piry
DaE (2.9, fiiass M. YL

of: [ 5

HIM, In: (1153 1 -B00-075-0000 | wivw L2 hiltLoom | an espanol 1 -000-079-5000 | HIbiCanads) Corp 1-000-283-4450 | wiww. Nittlea | CFP-5WE S bmital informaton 82010

286



APPENDIX A. FIRE SYSTEM SPECIFICATIONS

Coverage

Dry film thickness Wel flilm thickness Coversge

mils mm mils mm (") porged | (17) por 5 gol
1 003 14 0.04 1155 5776

20 051 28 N 58 280

50 127 L] 1.7% 23 15

100 254 133 3.53 12 50

150 s 208 5.28 8 40

200 508 273 7.08 & 30

The coverage values shown are thecretical vakies, which have been calcutated
based on the solkt content of the material Actual coverage depands on surface,
substrate, appication technique and methed, No afowance is made for waste,

Drying time

Drying time of 0 30 mits (0.76 mm) loyer ot 76°F {24°C) ) 80% oM.

/
5 s
(1M}
50+ /

M-

ao

20—

10 +—

Al

o 30 a0 o0 120 150 80 210 240 270 3O 330 380
Time [min]

Degree of drying %]

The drying curve shown ie based on lab tests results and is exemplary for the given
conditions, Qverall the drying time strongly depends on the ventilation, temperature
and humidiy on the jpbsite aa well &3 on the applied coat thicknesa

A M, o PISA 10000790000 1 wws s NS om 1 on sy peniod 1-B00-E00-0000 | M Canack) Comp 1-000-53-2850 | www ABSca | CFP5 W Subestid bdomiron K720
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Overview UL Listings*

UL-listing BXUV.YE11 — Wide Flange Steel Columns

Steol Size | W/D [ 1 Hr 12 | 2Hr 3 e a Hr i = *
Minlmum Minkmum Minimum Mindrum Minimum
dry dry dry dry dry
. PR & I Eaa
mils [mm [mils  mm [ mils |men (mils | mm | mils | mm h
W3 x 10™ 033 145 |368 |266 |676 |- - - - - -
wizx14 |03s |13@ |338 |283 |ee8 |- - - “ - -
WiZx 16 041 197 | 287 |230 |584 |- - - & - -
W6 x 12 04¢ |108 |277 |215 |s45 338 [ase |- - - - \.
| = .Y
WBx15 |o048 [100 |254 |197 |soo |30 |767 |- - - B
wipx22 |osz |[s2 |[234 |182 482 [285 | 726 |- = = -
wax13 |oss |87 221|172 437 |27 |668 |- - - -
wex16 Joss |ex |21 |13 [a1e | 207 [sm3 | 504 | 1280]- -
wex24 Jose |7s |18 [130 [3930 |21 [541 | s04 | 1280]- -
widx2d Josz |72 |11 |30 220 | 213 |54 489 |1242]- -
wex28 Jase |70 [178 [130 |20 |213 [s541 [4s2 [ 11m:1]- .
WE x 38 074 (-] 165 | 128 | 325 | 201 511 | 418 1057 - -
WD x 39 07E 61 185 127 | 3407 |91 (485 | 39S 1003) - -
WID x 49 084 57 145 1113 | 2487 | 177 |450 |3&7 | 932 |- -
wibx4s |oss |54 [137 |106 |260 |67 [424 {346 [878 |- -
wiexs7 |oss |[se |127 o9 251 [157 |399 |34 |8a23 |- -
WE « 48 100 |48 [122 |95 |24 |49 [373 |08 |7 = =
widxg0 107 |45 [11a s |2 139 |353 |288 |[732 |- -
wioxee 134 |42 |107 |83 [211 |31 |233 [270 |66 |- -
wisxer |12v a0 [1oe |8 [128 [123 [002 |28 |68 |- -
wiox77 |128 |28 Joor |74 |18 [118 |29s |241 |82 |- -
wisx100 |126 |38 oo |es |78 (108 |27 227 |27 |- -
wioxea |14s |24 |oms |ss | 148 [100 |282 [213 [2a41 |- -
Wid x 132 154 R» 9B | & 1455 | 97 248 {200 | 508 |- -
W2 x 120 | 184 20 076 | 58 147 | &1 231 |1E8 | 478 | - -
Wid x 159 | 1.77 28 071 | 58 142 | 85 216 {1BT | 475 | - -
wisx175 | 195 |25 |oss |5t [130 |77 [195 178 |4s2 |- -
widx193 |212 |23 |osalear |rio |7 |18 |14 |sa7 |- - See UL §sting for compieta information
witx211 |230 |23 |osa |43 [100|es [153 151 |384 |- - " ag.W8x 10;[W=zhape, B=h theight)
wiex23 |252 |23 |os8 |40 |102 |60 [1s2 {138 |381 - - ;';wvzw't:"‘g. | il
Wit x257 | 278 |23 |08 |26 | 081 |86 |140 |126 |520 |- |- b;‘w/'g«“‘;,:'o"::‘m:"‘; e
widx263 200 |22 |ose |33 |ose [s0 [127 [118 [295 [1ed [asa expozed 10 fire fnchez)
ML b FESA T-I0-75-0000 | waww s DELcom 1 on capetol T-000-079-5000 | M [Canecko Comp 10003632200 | | CFP-SWE nzme

288



APPENDIX A. FIRE SYSTEM SPECIFICATIONS

' Hp/A = Heatad Parimetar / Aran

UL-listing BXUV.Y612 — Hollow Steel Sections

" AP = Area [ Perimater

5P = Steal Pipa
ST = Steel Tube

Steel slze HyA' (AP [ 1 M 1-Y2 Hr 2 Mr 3 Mr
i dry | Mini dry| Mi dry | M dry
Usclniees Wiek hiek thick

mils |mm |mils [mm |mils |mm | mils |mm

SP45x0313 135 | 0.26 | 117 299 |- - - - s -

SP 8 x 0375 49 (078 |97 246 |97 246 | 120 |3.05 |- -

SP 8625 x 05 85 047 |97 246 | 138 |3.50 | 202 |S.44 |- -

ST35x35xJ16]|224 |06 |165 |48 |- - - - - -

ST5x3x1M 159 {022 | 104 285 [252 |6.29 [400 1045 |- -
ST5x3x518 135 026 (84 213 |2'8 (554 |35) |895 |- -
STEx6x38 114 |035 |74 187 [173 (440 [280 |72 |- -

STEx6x 718 100 (04t |74 187 | 151 384 | 244 [621 |- -

STS5x3x12 93 (04474 187 [127 323 | 207 |527 |- -

STEx8x12 a5 047 |74 187 |65 24 |168 |47 | 327 |83t

UL listing BXUV.NE31 — Beams

1 ]
_{7,. I 3 ,% Stoel | W/D |1 Hr 112 Hr 2 Hr 3 Hr
| size Minimum dry Minimum dry Minimum dry Minimum dry
D —_—— o T E T b
£ éi IR §§ R
- « - = E 3 - [
] » 0 - o " " ®
HdHHHHHEHBEHHHBEHAE
Whx12 ak T P63 73 183 0 | 2500 73 | 183 170 | 4348 100 | 256 - - -
wEx2a nr o 1M 5 14| & AT 3 AR RAET A2 170 - - e | e
UL listing BXUV.D975 — Concrete and Steel Floor Units
T I /=L /=" Beams |WD|tHr 1-1/2 Hr 2 Hr 3 Hr
slze Minimum dry Minimum dry Minimum dry Minimum dry
AEIPERER adk 37 thick
i ;| 4 3 g
gs i gs §§ § £
3|l cd 2|l el 3|l a< il e
-
HHHBHHHHHBHBHBHE
WEx12 nwe |7 |18y« . 123 110) - . - 73 | 1483 - @2 e
Wax2s |y |53 - |- |95 (28] |- |- - |53 |13~ )~ |85 |20
Stesl Floor Units W/0
Fluted o Cabuly nr o2~ |- |- |- |26z }- |- |-
Celhfor nr ol |+ |aafam|ime] sl |- [ ]ams

6 M o IS 10000790000 1 www s hSom 1 on sy penod 1-000-800-0000 | 1 FCanack) Cop 1-000-353-2450 | www A | CFP-5 WD Subestied bedomurson K200
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Application Instructions

Prior to use of product follow instructions for use and
reconynended salety precautions

Required material

B Adequate airkess spray pump with hose and spray gun
Pump must have mnimum fluld pressure of 2.500 psl and
Velume trarsport of > 0.8 gal/min,

B High pressure hozes, rated to match pump capacity, with
minimum inner diameter of 38", Maximum hose length of
150 ft eshould not be exceaeded

B Appropriate spray gun and tips. A contractor grade spray
gun capable of handing 2,500 psi fluld pressure should be
used, Recommended tip alzes are 223, 225, 323, 325,
.327, 423, 425, 427, 523, 527 and 623

B Appropriate Steel members to be fire procfed (Note that
stesl membars must have bean primed minimum 24 hours
prior to conducting this application walk through).

B Hiti Fire Protection Steal Spray. Check lreeze tag on Hilti Speay.

B 1/2" cam action or impact drill

B Shiekied mixer

® Empty bucket

m Wet film thickness gauge

® Dry film thicknass gauge

Application conditions
& Confirm that ambient temperature meets required
apphcation mnge. Lower termperatures increase curing time
and reduce spray abilty. Higher temperatures cause fast
drying time and overspray. Hilti Fire Protection Steel Spray
shouid only be applied when the ambient air temperature
5 batween £0°F {10°C) and 104°F (40°C). The minimum
tempearature must be maintained for & minimum of 24 hours
after application, Contractors may provide enclosure and
haat to mairtain proper temperature lavala,
For optimum perfeemance humidity levets should be betow
75%, If the refative humidity exceeds 75%, precautions
shoudd be taken to avoid condensation from forming on
the steel during application, Adeguate vertilation must be
provided and maintained during application and curing
precess to ensure proper drying.
B Confirm approved primer was usad, A k2 of approved
prmers can be sowced with the Hilti Technical Senices team,
® Measume and document the primer thickness utilizing
the dry film thickness gauge. Utilizing the DFT gauge is
simple, simply place it against the surface and read the
meaaurement on the screen,

ML b FESAT-OI0-75-0000 | wwww s DRLcom 1 o eapeiol 1-000- 0705000 | M98 [Canecko Comp 1-000-363-2200 |
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® Ensure no obstructions are in the way of the application
area, guaranteeing a minimum of twe feet cearance to
allow proper speaying,

@ Check stee! members for intact, cumed and proper prmer,
Ciean from grease, dirt, dust and mill scale

Spray pump safety precautions

W Alwayz wear popar safety gear

m When not in usa, safety lock should be engaged at all times

® Never uze the spray pump with the front safety housing
removed

8 When servicing the tip housing, atways hold the spray gun
wkh the fingera behind the triggar

m Never point epray gun towarde cthemns

m Never place spray gun against any body part.

W '‘When net in use, always release pump pressure

W Make sure all filters have been removed from pump and af
connections are tight on hose and spray gun

Set up Instructions
® The instructions below wil provide you a step by etep
guide to set up the Speay in the pump and stant speaying.
1. Open Spray pail and remove the plastic iner,
2. Using the 1/2* ddll motor and shielded mixer, mx the
matenal thoroughly for 2 to 5 minutes untll you achieve
a uniform conzistency.

. Remove spray tip and safety housing and leave them

Inside a backet of water to keep spray lrem drying en

the tip.

Ensure preesune switch s turned down and pump fgin

the off position.

Place pump into pall of Hilti Spray,

Pointing the spray gun into a spare bucket, hold trigger

down and slowly turn up the pump pressure about half

to three quarters untll only Hilti Spray etants flowing from
the spray gun.

Turn the pressure down and stop the flow,

Move spray gun from the spare bucket 1o Hiti Stesl

Spray pail, circulating material at a lower pressure for

approximately 30 saconds,

Install desire spray Lip into salety housing and Install

safety housing on spray gun,

10. Turn pump pressure all the way up or to the desired
pressure setting and do a test spot on a scrap
cardboard to check for proper fan and deaired preseure,

11. Now you are ready to stort spraying.

9.

nzme
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Application Instructions (continued)

Interruption of work and clean up procedure
B Hilti Fire Protection Steel Spray can remain in the hose for
up to 1 hour.
® \When Intermupting work for longer than one hour and at
the end of the day a thorough clesn up procedure must
be followed to pravent material from curing in the tip
and spray gun. Make sure a pail of clean water i2 readily
available.
Tum off power
Turn down purmp pressure
Remove spray tip and spray housng
Place spray tip and housing inaide pall of clean water
Replace Hilti Speay pail with a pail of clean water and
slowly dispense all material contained in the hose into
Hitl Spray pail. Once water starts flewing from epray
Qun, releaze trigger to avoid cluting the arginal Hiti
Spray,
. Turn down pumg pressune
Place spray gun into pad of clean water and fluah
system for approximately 5 minutes to wash al fibars
from spray gun and hose line.
Aoll up pump hosa
Leave spray gun, tip and housing into pail of water.
, Place a plastic iiner on top of the mmaining Hilti Spray
and replace pall lid to avoid product from curing in the
pail,

o awn 4

Final measurements and top coat application
® Once all required coatz have Deen apphbed and fully cured,
a simple measurement of mill thicknees can be dene
utilizing a dry film thickness gauge. In mest projects this is
mandatory and (e often performed by third party inspection
firme, The DFT reading should be taken as soon as the
coating is sufficlently hard to avold indenting the surface.,
Dry tilm thickneeses (DFT) may be measured uaing a
parmanent magnetic type banana gauge or an electronic
electromagnetic type gauge. These measurements shoukd
be taken on a daily basis and & record kept until a constant
DFT reading Is acheved
The DFT of Hirl Fire Protection Steel Spray can be
calculated from the total DFT by subtracting the peimer
DFT
® Only aftar the Hilti Fire Protection Steel Spray s fully
cured, according to specifications and site cenditions, a
Hith approved topcoat can be applied, Typical curing time
befors a top coat Is applied varles between three and fwe
days. A top coat is net required on interlor applications. If
desired, the folowing tested and approved top coats may

be appbed for dacorative purposes:

* Gdden Evermore: Pramium Exterlor Latex Semi-Gloes
GLEBXX

* Benjamin Moore Moorgk Soft Gless Fortified Acrylic
House Paint

* Sherwin Willams: Sherwin Williams Steel Master 9500
30%Sticone Alkyd.

Material storage and shelf life

® Hilti Fire Protection Steel Spray must be stered In the
ongmal unepened pail, It must be protected from water and
direct sunhgnt and maintained at a temperaturs batween
41°F (5°C) and 104°F (40°C) during shipping and storage.
The product must not be stored ot freezing tempemtures.

m When stored peoperty, Hilti Fire Protection Steel Spray has
a shel Ife of 12 months from the date of manufacture. See
product label for expieation date,

Primer additional information

| Al structumal steel to be coated with Hiltl Fire Protection
Steel Spray must be primed with an approved primer.
The primes must be applied in full compiance with the
manufacturer's recommendations. and must be fully cured.

® Approved primers ane ganerally of the phenolk resin
modified alkyd type. Crganic and Inorganic zine Siicate
primers are not sutable for use with Hilti Fire Protection
Steel Spray. Pleasa contact Hirl Technical service
department for confirmaticn of primer compatibiity.

Other specifications

B Maximum wet film thickness (WFT): per pass ot 88°F and
50% relative humidity

* Uthzing spray: 63 mil

» Utilizing beush: 30 mi

Number of coats: For airless speaying, several thinner
coats of 20 mil a5 opposed to cne heavy coat of 40 mil (1.0
men) allow the eprayer greater control aver thicknees and
finish, and reduce the drying time,

Drying time: The drying time &5 dependant on the wet
fim thickneas, tempevature, alr movement, and ralative
hurnidity. A coat of 16 mil (0.4 mm) WFT takes approx.

6 hours at 68°F (20°C) and 50% relative humidity to dry.
It may be possidle to apply two coats in one day if the
[ temparature is above 68°F (20°C), there i3 good air
movement and the redative humidity is between 30% and
50%, Bruzh or roler application increases drying time by
approximately 20%.

MR, o ISA 10000790000 1 www s hSom 1 on sypeniol | -000-000-5000 | 1 (Canacky Cop 1-000-353-2458 | www Ailea | (TF\'&WB‘MIW Momirson KMo
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APPENDIX A. FIRE SYSTEM SPECIFICATIONS

Product name:
Description:

Supplier:

Emergency # (Chem-Trec.k

MSDS Mo 132
RAevision No. o
Navisun Datw 00
Pago: tolz

CFP-SWB

Fire Protacton Spray for Stesl

Hiti, Inc. PO, Box 21148, Tulza, OK 74121

1 300 424 9300 (USA, PR, Virgin Islands, Canaday; 001 703 527 3637 (other courtries)

INGREDIENTS AND EXPOSURE LIMITS

Ingredients: CAS Number: TLV: mg/m’ PEL: mg/nr STEL: mg/m’
Fused Sica 60876.86.0 NE 30 mg/m’ NE

BSO, +2
Teanum dioxcs 13462-67-7 10 15¢T) NE
2-Butoxysthanol 111-76-2 o7 240 (5) NE

Abbreviations: PEL = CSHA Parmissible Exposure Limit. TLV = ACGH Threshold Limit Value. STEL = Shoet Term Exposure Limt,
NE =~ None Establishad. T = Total dust. R = Respirable dust. § = Skin exposura.

PHYSICAL DATA

Appexrance: White sprayable pazte Odor: Mild odor

Vaper Density: (alr = 1) <1 Vapor Pressure: Not Saterminad

Bailing Point: 210°F VOC Content: 489/

Evaporation Rate: Not determined Solubility in Water: Scluble

Specific Gravity: 133 pH: 8.9

FIRE AND EXPLOSION HAZARD DATA

Fash Point: Not apolicable Flammable Limits: Not appicable
Extinguishing Media: As appropnate for suroundng fira (a.g. Water, Carbon Dicxade, Dry Chemical, Foam)
Special Fire Fighting Wisar full protactive clothing. A NIOGH-approved salf-contaned brsathing apparalus (SCEA)
Procedures: should ba worn whan fighting fres involving chemicals,

:nuuual Fire and Explosion None known. Thermal decomposition products can be producad under fre condilions. Ses below.

REACTIVITY DATA

Stability: Stabis, Hazardous Polymaerization: Wil not cocur.
Incompatibility: Strong oxidaing agents

Decomposition Products: Thermal decomgposition can yield CO, CO,, NO_, ammenia, and oxides of phosphorous,
Conditions to Avoid: Avoid temperature axirames which coud shortan the shell-ife of this product; Le, below 407 and

abova 77 F. {Sea handling and storage requremants),

HEALTH HAZARD DATA

Known Hazards: Acute: May cause skn and eye iritaton. Chronic: None known

Signs and Symptoms of Eyes: Can cause rrtation or watering but inpury is unlikely. Skin: Irration is possibia with some

Exposure: ndividuals. Inhalation: No effects axpacted. Ingestion: Effects of ngestion have not been
datermined.

Routes of Exposure: Shoryeye contact,

Carcinogenicity: No mgredients are cassified a2 & carcinogen by IARC, NTP or OSHA.

Medical Conditions May promete asthmatic rasponse 1 persons wih asthma who ans sensitive 10 airway Imitants,

Aggravated by Exposure:

ML b FESAT-OI0-75-0000 | wwww s DRLcom 1 o eapeiol 1-000- 0705000 | M98 [Canecko Comp 1-000-363-2200 |

| oFPsWe name
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APPENDIX A. FIRE SYSTEM SPECIFICATIONS

MEDS No.. 352
Reveson No. o
Nirvrsn Culn nrA%0
Pago: 2012
EMERGENCY AND FIRST AID PROCEDURES
Eyes: Flush weh planty of water for at least 15 minutes, Comact a Physician If symptoms ocouwr,
Skin: Wazh with coap and water. Remova contamnated clothing. Contact a Physician f symptome
vy
Inhalation: Move victim fo frech ar. Contact a Phymican f symptoms occur.
Ingestion: Do nat incuce vormtng unkess directed by a Priysician, Contact a Phiysician immadately,
Other: Redenal lo a Phiysician is racommendad If thars is any question about the sercusness of the injury/
|APOSUIG.
CONTROL MEASURES AND PERSONAL PROTECTIVE EQUIPMENT
Ventilation: Ganeral (natural or mechanically induced fresh air movemantsy,
Eye Protection: Whils spraying, chemical goggies ane recomsmanded.
Skin Protection: Imparmaabile gloves recommendad, Uise other protectaye clothing a5 requred 10 pravent skin
contadt,
Respiratory Protection: None normaty requred. Whare ventiation = inadequate to control vapors, uze a NKOSH aporoved

respicator with agane vapor cartridge. If dusts ane ganarated during demoition o removal, weer
an appropriate dust mask of respirator,

PRECAUTIONS FOR SAFE HANDLING AND USE

Handling and Storing Stom in a cool dry arsa. Kesp from freazng. Stors between 407 and 77 F. For industrial use only,

Precautions: Keap out of raach of chidran. Use with adequate ventdation, Keep containar clozed whan not in
use, Do not get o the eyes, Aveid prolonged o repeated contact with the skin, Practice gocd
hyagiana; Le, wash after using and befora eatng or smoking.

Spill Procadures: Wipa away splled mateial bafors @ hardans. Flace in a container for proper daposal in
accordance with all applicable ‘ocal, state, or federal requirements.

REGULATORY INFORMATION

Hazard Cormmuni cation: This MSDS has baen praganed In accordancs with tha federal OSHA Hazard Comenunication
Standrd, 29 CFR 1910.1200.

HMIS Codes: Hsalth 1, Flammakilty 0, Reactwity 0, PPE B (Glasses, Gloves)

DOT Shipping Namae: Not regulated.

IATA / ICAO Shipping Name:  Not ragulated.

TSCA Inventory Status: Chemical compenents listed on TSCA inventory.

SARA Title NI, Section 213: Thiz product does not contan any toxic chamicals which are subjact to reporting under Saction
313 of SARA Title Il (40 CFR Part 372).

EPA Waste Code(s): Not ragulated by EPA as a hazardous waste

Waste Disposal Methods: Consult with regulatory agenciss or your corporale personnsl for disposal methods that comply
weh local, state, and federal safaty, heakh and ervironmental regulations,

CONTACTS

Customer Service: 1 800 879 8000 Technical Service: 1800 879 8000
“Health / Safety: 1 800 679 BO0O Jany Metcall (x1003704)

Emergency # (Chem-Trec): 1 800 424 5300 (USA, PR, Virgin Islands, Canadal; £01 703 527 3887 (cther countrias)

The information and recommendations conaned harain ars basad upon data balisved 1o ba comact; howeaver, no guarantes o
warranty of any kind expreszad or smplied is mada with respect 1o the nformabion provided.

10 348, o FISAY 1-000-079-0000 1 wwse s WGom 1 on sypenod 1-000-000-5000 | 14 (Canacky) Cop 1-000-353-2098 | wwwilea | MSWB‘MI“MNI”IWG
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APPENDIX A. FIRE SYSTEM SPECIFICATIONS

August 6, 2010

To ¥Whom It May Concern:
Re: Hilti CFP-5 WE Steel Spray — LEED Info.
The Hilti CFP-S WE Steel Spray is manufactured in Germany.

The CFP-5WEB Steel Spray pail is made of polyethylene and can be completely recycled.
There is no post-consumer or post-industrial content in CFP-5WE Steel Spray and it cannot
be recycled. The CFP-5WE Steel Spray does not contain any Rapidly Renewable Materials.
The WOC content in CFP-5'WE Steel Spray is 49 o/l

CFP-5WEB Steel Spray is not regulated as a harardous waste by the Federal ERPA
Standards. The regulations for the disposal of non-regulated industnal waste canwvary from
state to state and even city to city. Forthis reason, you should consult your local and state
regulatory agencies for direction on disposal.

Flease feel free to contact me at {918) 872-3704 if you have questions.

Sincerely,

N Ztsy

Jermry Metcalf MPH, CHR
SafetwEnvironmental Manager
Hilti Inc

w (918) 872 3704

jerry.metcal f@hilti com

Rev. Date: 8/6/10-1

Hilti, Ine. (UE)
5400 South 122nd East Awenue
Tuka, OK 74145

1-800-878 8000
www.us.hilti.com
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APPENDIX A. FIRE SYSTEM SPECIFICATIONS

A.2.9 CFS-SP WB Firestop Joint Spray

Prody

CFS-SP WB
Firestop Joint Spray

Product description
W A zprayabie fire rated mastic for construction [oints whare
maximum movemant & requrad

Product leatures

W Spoayabie o apply by brush

B Maxmum flexbiity, mests 500 cycle requirements (Clhass I and i
Approval (ASTM E 1956 and UL 2079}

B Quick and sasy staliation with the Tran 600 or 1100 Sprayers
can halp save you time and monay

B Contains no halagens, aokents or astest

B Water bazed formulation zo zpdiz and over-zpray clean up quickly
and easly

W Paintable

o

Maeats LEED 'V requkemaents for indoar anvirenmantal quality crecit
4.1 Low Emitting Materials, Sealants and Achasives and 4 2 Prints
and Castings

Areas of application

B Top-of-wal jont=

B Cunain wall/edge of slab
W Exparsion joms

For use with
B Concrete, masorey and gypsum wall azzembies
B Walk and ficor/wall azzembliez rated up to 4 howrs

Examples

8 Whare a gypsum wall assambly maets the underside of 4 matal o
coreTete deck

B Whera o concrate fioor aszembly mests with non-rated exterior
wall (cancrete, glass, eta )

B \Whera two concrate Soor/wall azzembies mest

Technical Data* CFS-SPWB
Densaty Agpeo. 108 Ilyiged 1.3 gioow)
Color Avadotdo i rodd, whito and gray*
Apphc aticn tempersiure IF to 1MF (°C o 40°C)
Tempecature resistance AT %0 1 76T (&(FC 1o M5
Coasistency Spwaryabdo bopd
Chomiocal basis Acryticowator basod disporsion
Curisg tme 74 % 88 hows @ 75T,
H0% huswaSty for 13" dopih
P-vakee Appros. B-9
Movemert capabulrty Up to 2076
Swrface bursing characlenstios Flame spsat &
{ASTM E Ba-086) Sevoko derslopmant 11}
Sound transmissics clasaitication W progross
{ASTM E 90.99)
Approvals

* Calilornia Stino Fire Marshal - b progross
» City ol Naw Yok - MEA 94.96-M

MEA 132.01-M
Tentad in accordamce with
sUL 270 o ASTME 106 < ASTME2a
sUL 1470 « ASTM E 814 « ASTME 23017

AL TIT 237G a0 B it
“Cirwp cobor raparne n (B wasa axt

Installation instructions for CFS-SP WB Firestop Joint Spray

Notice
< Bakorn hooBing, coad Malens Solary Deta 5ot oned
peoduct bal for sefe ssage and haolh nkemetion

Application of Firextop Joint Spray
2. Minoral wocd packing: Tosad the peasernd back
g mabarial types and depth o obtain desivod

Frestop Jenl Spowy ey sivo ba boushed on wrh o
por s, Contact MM Tachuscal Sappon dor moes
mdorraton

* Ieuchons Below are gonnal goblelies o airys iy A Cung Sres Alow 24 % 48 hoors Sor tapicel
Feded 10 By appdcotés dearadng in the UL R 3 Apglionton of Fieestop Jownl Spary. Apply Flesstop sppboaton Bicknsss 18 TIF 230 S0% hamadty
Pesintaoce Dyvrsury o Mt Browtop Spsterna G Jowt Spawy o o rogueesd Sopd in ondor 1 ditaby 100 1,07 dops lor the Finstop Joia Spway to Adly
S compioto sl ¥on donmebon Wee denrod satiogy Moko aie Frowiog Joig Sgeay e

cortacts sl sarfnces and oeerisp bayond o
smoondng sistyoes Mok 3o UL Spstam) Tien
Sqwayws howw e succmekal 0 appheng Messon
JONT Sy M rocommonds he e of e Titan
BA0 (Yor apphcation tampeeatives abiove HI°F) o

Opaning

1. Chan the opereng. Sartecas o which Firetop Jont
Sy wil b appded shokd be cheanad of locss
Aot diet o, winx and grease. The sviecs shousd
o inokstere end frost e

et fouton: For maiiisrmnos romecos ol Frosop
Jon Speny sppiioations can by pormancndy mackad
W an S hension phale and baslened b o viatdo
pontion st i the sasl

Net for use

oI eeves s b war ey

* On hot srtsces (sbove 176°F)
Storage

< Shore only s e Ofg inal prokaging at openalies
I'F 0 ITF |4 10 29°C)

o Obwerss axpurabon dade on pachnge

A Jprwy ot
(- T

4 Mo Pren Sorey

5. Famwn cwetc e
¥ s

Hilti. Outperform. Outlast.

HITL oo, 40,5 1-800-B75-2000 + wwmcus ML oom « on cspatdl 1 200.579.5000 « HIf Firmsion Sy shears Oukde
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APPENDIX A. FIRE SYSTEM SPECIFICATIONS

MSDS No.- 3
Revision No.: 000
Revision Date: 042710

MATERIAL SAFETY DATA SHEET
Product name: CFS-SP WB Firestop Jont Spray
Description: Fire rated mastic for construction inks
Supplior Hilli, Inc P.O. Bax 21148, Tulsa, OX 74121

Emergency # (Cham-Trac )

1 800 424 8200 (USA, PR, Virgin Islands, Canada), 001 703 527 3647 (cther countries)

INGREDIENTS AND EXPOSURE LIMITS

This is not a Hazardous Material as defined in the OSHA Hazard Communication Standard

PHYSICAL DATA

Appearance: R::.E grey. or white sprayable Odor: Mid odor

i
Vapor Density: {ar=1} Not applicable Vapor Pressure: Mot determined
Boding Point: Not determined VOC Content: Not determned
Evaporation Rate: Not determined Solubility in Water; Saluble
Specific Gravity: 13 pH: 80.90

FIRE AND EXPLOSION HAZARD DATA
Flash Point: Nora Flammabie Limits: Not spplcable
Extinguishing Media As appropnate for surreunding fire (e g \Water, Carbon Diaxide, Dry Chermical, Foam)
Special Fire Fighting A NIOSH-approved seif-contained breathng apparatus (SCBA) should be worn when Sghting
Procadures: fires involving chemicals
Unusual Fire and Explosion None known, Thermal decomposition preducts such as carben monaxde and carbon diaxide
Hazards: can ba produced under fire conditons. See below
REACTIVITY DATA

Stability: Stable Hazardous Polymerization: Wil not oocur
Incom patibility: None known
Decomposition Products: Thermmal decompasition can yiekl carbon monoxide and carbon dioxkde
Conditions to Avoid: Avoid termperatume axtremas which could shorten the sheff-iife of this product. i.e balow 40" and

above 77°F. {See handing and storage requrements)

HEALTH HAZARD DATA

Known Hazards: Acute. No effects expectad, rriabon 5 poesibie. Chronic. None known
Signs and Symptoms of Eyes: Can cause rrstion or watenng but ingury 1s unlikely. Skin: Imtaton s possidle wih some
Exposure: individugis  Inhalation: No effects expected. Ingestion: Effects of ingeston have not been

desermined. Considered o have a low acute oral toxicly
Routes of Exposure: Contact
Carcinogenicity: No ingredients are cassified as a caronogen by IARC, NTP or OSHA
Medical Conditions Nore known
Aggravated by Exposure:

EMERGENCY AND FIRST AID PROCEDURES

Eyes: Flush wih plenty of water. Contact a Physican # symptoms ocour
Skinc Wash with scap and water  Seek medical attention if any efiects persist
Inhakation: Move victim fo fresh air. Cortact a Physican # symptoms cocur
Ingestion; Do net induce vamiting unless direcied by 3 Physician. Contact a Physician immediately.
Other. Referral to 8 Physican (s recommended if thers |8 any question about the seviousness of the

Inurylexposure

HILTI @ is 8 regstered rsdemark of Il Corp.
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APPENDIX A. FIRE SYSTEM SPECIFICATIONS

CONTROL MEASURES AND PERSONAL PROTECTIVE EQUIPMENT

Ventilation: General (natural or mechanically induced fresh ar movements)

Eye Protection: While spraying, chemical goggles are recommended. As a minimum, wear safety glasses with
sade shinkds.

Skin Protection: Impermeaable {neoprene of rubber) gloves recommendad.  Use cther protective clothing as
requred 10 prevent skn contact when spraying product.

Respiratory Protection: None nomally required

PRECAUTIONS FOR SAFE HANDLING AND USE

Handling and Storing Store i a coal dry area Keeplromfreezmg Store between 20° and 77° F. For industral use

Precautions: ony Keap out of reach of chid te ventiiation. Keep container closed whean
not in use. Do not get into the eyes Aw:d probnged or repeaied contact with the skin. Practce
good hygiene ie. wash after using and before eating or smoking.

Spill Procedures: Wipe away spilled material before & hard Place in a container for proper disposal in
accordance with all sppicabie local, state, or federal requirements.

REGULATORY INFORMATION

Hazard Communication: This MSDS has been prepared in accordance with the federal OSHA Hazard Communication
Standasd 29 CFR 18101200

HMIS Codes. Hesith 1, Flammabiity 0. Reactvity O, PPE B (Glasses, Gloves)

DOT Shipping Name: Not regulated

IATA / ICAQ Shipping Name: Not regulated

TSCA Inventory Status:
SARA Titte Ill, Section 313:

Chemical components Isted on TSCA mversory

This product does not contain any chemicals which are subject to reportng undec Sechon 313 of
SARA Title Il (40 CFR Part 372)

EPA Waste Codels). Not regulated by EPA as a hazardous waste
Waste Disposal Methods: Consult with regulatory agencies or your corporate personnel foe disposal methods that cormply
2 with local, state, and federal safety, heath and environmental regulations
CONTACTS
Customer Service: 1 800 679 8000 Technical Service: 1 800 879 8000
Health / Safety: 1 800 878 6000 Jeery Metcaf  (x1003704)

Emergency #(Chem-Trec)

1 800 424 6300 (USA, PR, Virgin Isands, Canada); 001 703 527 3857 (cther countries)

The nfomration and recommendations containes heren are based upon data televed to be comect, however, no guarantee of
waranty of any kind expressed o implied s made with raspect to the inforrmation provided.

MSOS 331, Page 20/ 2
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APPENDIX A. FIRE SYSTEM SPECIFICATIONS

Certificate of Compliance

Cortficate Mumber  20100527-R13240 Pae1of
Report Relorerce 2010 May 27

lssusOale 2010 May 27 Underwriters
Lahoratories Inc..

Issued to: Hlm, Inc.

54 S 122ND East AVe
Tulsa, OK 74146 USA

This is to certify that— Fill, Void or Cavity Materials
representative samples of  cps_gp wg

» . . - » L] 3
Huve been investigated by Underwritors Labovatories Inc. (UL) or any authorized
licensee of UL in accordance with the Standand(s) indicated on this Certificare.

Standardis) for Safery:  ANSFUL 20T "Tests for Fire Resistance of Building Joint Systens,” Fourth Editon, revised Juae
’ 30, 2008, ANSIASTM E2307-04, “Standard Test Method for Determining Fire Resistance of
Perimeter Fire Bariers Using Intertoediate-Scale, Multi-story Test Apparatus.”
Standurd CAN/ULC-S115-05, Standard Method of Fire Tests of Firestop Systems

tdditional Information: ~ CFS-SP WB Firestop Spray for use in Joint System, Perimeter Fire Containnzent
Systemn and Through-Penetration Firestop Systems Certified for Canada as
currently described in the UL Fire Resistance Directory

Ouly those praducts hearing the UL Classification Murk shoald be considered as behig covered by UL's Classification
and Follow-Up Service,

The UL Classification Mark includes: UL ina circle symbol @ with the word *CLASSIFIED (as shown); o control namibser
(may be alphanumensc) assigned by UL; o sturement 10 indicate the extent of UL's evaluation of the product: and, the product

category name (peoduct identity) as indicared in the appeopriate UL Drrectory

Look for the UL Classification Mark on the product

|ssue by E Hauviawatt by! é
{luiuu Coulowte s‘m% Enn

Limdermrtrgrs Labormries Iz Uiidecuesters Latoemones T
ADE BT boer s Fhormrnmnttssionn 300 UoMal DL X0k boivhons abt it oniilad win el o Eanlvnarobmn L abaessorms (i A0 0ap ey aantbaabind? Theppmed o 11
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A.2.10 CFS-BL Firestop Block

Firestop Block
CFS-BL

Product description
B Ready-to-use, intumescent flexible block designed to seal medium
to lBroe size openings

Product features

Inteqrated *Grid-Tech" increases Annular Space up to 12
Suitablke for re-penetration or new penetations
Economical to use with shott installation times

Easy installation — no special teok required

Ideal for use in floors — no forming requied

One sided wall systems availblke

Halbgen, asbestos and solvent free

Cpemtional imme diately after installation

Smoke esistant

Areas of application

B Zealing single or multiple penetrations in emall to large openings

B Temporary or permanent sealing of cables and cable tray
penetrations

B Temporary or permanent sealing of insulated and non-insulated
metallic pipes and combustible pipe penetrations

For use wlith

B Walls (UL tested up to max. opening 72" x 38"

B Feors [UL tested up to max. opening 72" x 38"

B Concrete, porous concrete, masonry and gypsum wall assemblies
B Wall azsemblies rated up to 4 hours

B Foot assemblies rated up to 3 hours

Examples

B Completely dust and fiber free rooms and plces where electrical
installations ame frequently used [ie: computer centers, hospitalks,
bBboratories, etc.)

B Mew buildings in the construction phase and during renowation

B Large openings containing multiple penetrations as foundin
production bays, warhouses, hoespitak eto.

Installation instructions for Firestop Block CFS-BL

Technlcal Data™ CFS-BL
Golor Fed

Applization temperatume 40F F to 104° F(5° C 1o 407 )

Tempeature resiEtance B Fio 140° F{-15° C 0 B0° )

Intumescent activation Apprw. 292% F (2000 O

Expansion ratio junmestricte d) Upto1:3

Surface burning charactenstics
[ASTM E24-10b)

Flame Spread Index: 10
Smoke Development Index: 15

Soundtransmission classification
[ASTM E 20)

STC Rating: 52

Approvake
= Calfornia State Fie Marshal - In Pmgmess

Tested in acoordance with

=L1478 = ASTME&14 = ASTMES4 =CANAILCS11E

A8t 7I9F(239C) and S0% ra btica humidity

-

FILL, %010 OF CAYITY MATEFA LFDF L E 1M THROUG H-
PEMETRATION FIRES TOP 5775 TEMS
SEE UL FIFE PE ETANCE DIRECTORY
YT

Motice

= Bofowe handing, mad Mateval Sakety Data Sheetand
product Bbel for sate usage and haatth Inormation.

= Instructions below are genetal quidelines — always
@it o the appiicabie dimwin g in the UL Fie
Pesktance Diectory o HIt Fllestop Systams Guide
trcompiete nstalation Informaton

5. For maintanan o2 mamons, 8 pEnstEtion sealcoud
b= permanently maded with an dentication pate. = Inwet moms, outdoors of 2 posed to the waather
Insucha cesa, mark the dentication pate and
fastan It In avElblke postion nestto the seal.

Pe-installing cables or other penetrations
Pemove or Gutthe biock from the seal. = Store only In the orginal packaging in & ocaton

= [nstallthe paretEntand -y the bock n

Mot for use

oruy mdietion (can be done onty atterapplyingan
addtionalslizona coating, e, CPE01E).

Storage

protected from mokt i and direct sunlight

Opening

1. Ciean the opznin g. Penetration and penetation
supporting structures must be Instalied In
complEnce with iocal buliding and electrcal

SOm plBnce with the appioval. FIll gaps and spaces
with FS-ONE Filestop Seaant (@ mquied).

Eingie cabkes can be tun thiough pints bataeeen
biozle ora hok can be drlled thiough a biock using

standards.

a sharpaned plecaof matal plp2 or f bing.

Application of Fiestop Blockes

2a.if no penetrations aw ocated, buid up Fiestop
Elchk CFES-BL, firm iy seatad, within opening.

2b it panstations am boated, buld up Fiesiop Block
CFS-EL, firm iy saatad, whlie cutting blochks with a
knite o suitthe placed peaetations.

“

Finish bulding up Fiesop Biochs untllentie
opzning ks Tilked.

Compietal Tl cabke spaces, gapE betwiean bocks
and pipes, and joints with FS-OME Flrestop Saaant
@z rquired).

I.Slaan opanin g.

Eal

Hilti. Outperform. Outlast.

2a. Buldup bocks

S Fasten identhcadon

2b. Cutblodis to a Buldupblecks . Al paps wih

za o pRnaratons Fa OMECPaIT Pl Inprcafi
n placs or CP &l B putty [as raqurad
raquied.
’- Hilti Firesstop
Saving lves
i L thmugh innovation
L and education

Hiltl iCanada) Corp. 1 S00-383-4455 » www.nlitl.ca = Hiltl Flestop Systems Gu ide
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APPENDIX A. FIRE SYSTEM SPECIFICATIONS

MSOS No 336C
Revision No.: 000
® Revision Dale 101611
Hilti (Canada) Corperation Page 102
MATERIAL SAFETY DATA SHEET
Product identifier: CFS-BL Firestop block: CFS-PL Firestop Plug
Product use: Intumesoent polyurethane foam block for fire stopping openings i wals and floors
Supplier: Hilti (Canada) Corporation, 2380 Meadowgine Bhed | Mississauga, Ortarlo LSN 652
Onginator Hiltl, Inc., P. O Bax 21143, Tulsa, Oklahora, USA 74121

Emergency number Chem-Trec. 1 804424 9300

HAZARDOUS INGREDIENTS

Mot a hazargous chemcal as defined by the Controled Products Regulations SORES-86; classified as a manufactured "armicle’

PHYSICAL PROPERTIES
Appearance / Physical state: Red (rust) colored foam block.  Odor: Naone
Specific gravity (at 20°C) 0.24 - 0:30 gmiem’ VOC contant; CFSBL=54g!
CFSPL=49g
Vapor pressure {at 20°C): Not applicable Vapor density: Not applcable
Evaporation rate: Mot applicable Bolling point Net applicabie
Freezing point: Mot applicable pH: Not applcabie.
Coeflicient of H;0 / ol distrid: Not spplicable Solubliity in water: Not Soluble
FIRE AND EXPLOSION DATA
Flash point / Method Not apphcable Flammable hmits: Not applcabie.
Condtions of flammability: Not flammable Auto-ignition temperature: Not applcable
Means of extinction: Not applcable
Special fire fighting Not applcable
procedures:
Hazardous combustion Reder to "Hazardous descmpostion products” (rext section)
products:
Sensitivity to mechanical Not susceptble to mechanical impact o stabic discharge
Impact / static discharge:
REACTIVITY DATA
Stablity: Stable Hazasous pelymerization wil not oceur
Incompatible materials: None known. See special handiing and storage instructions.
Conditions of reactivity: Nane known
Hazardous decomposition IF heatied to decomposition, can yield COx, NOx, HCN, HCl andlor HF
products:
TOXICOLOGICAL PROPERTIES
Likely routes of exposure: B None known ] Skin contact [J Skon absorption [ Eye contact [ Inhalation
Exposure limits: None astablshed
Acute effects of exposure: Net applicadle
Chronic effects of exposura: None known
Synergistic materials: Nona known

HILT! @ &5 & registered trademark of HIB Corp
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FIRST AID MEASURES
Eyes: No effects expected
Skinc No effects expected. Practce good hygene, Lo, wash hands durng breaks, before eating or
smoking, and after work
Inhalation Not a route of exposure
Ingestion: Not a likely route of expasure.
Other: Referral 1o @ physican & recommended ¢ there is any quasion about the sercusness of the
Ingurylexposure
PREVENTIVE MEASURES
Engineening controls: General [naturad of mechanicaly nducad fresh ar movemeants)
Eye protection: As appropriate for the work area or the work being done
Skin protection: Cloth gloves are suitable
Respiratory protection: None r:;fnany requied. Never enter a confined space without an appeopaate air supplied
respira
Other. Depending on exposure ard on woekplace standards.
Handling procedures and For industnal use onty Keep out of meach of children Observe good hygiene practces; (e,
ogquipment: wash after using and before eating or smoking.
Storage requirements: Store In @ cool dry area out of direct sunlight  Storage above 60 C may degrade product
Spill, leak or redease: No gpecial reguirements
Waste disposal: Consult federal, prowincial and local regulations for aliowed means of disposal
Speclal shipping Instructions: None known
REGULATORY INFORMATION
WHMIS classification: None { exempt (ranufactured srtcie)
HMIS codes: Health 0, Flammaoilty 0, Reactivity 0, FPE A
IATARCAO Shipping Name: Not reguiates.
TOG shipping name: Not reguisted
PREPARATION INFORMATION / CONTACTS
Prepared by: Hilti, Inc, Tulsa, OK  Date of Preparation. Emergency phone 1 800 424 g300
USA October 16 2011 number:
Customer Service: Hilti (Canada) Corperation, Mississauga, Ortanio, 1 800 363 4458
Health | Safety contacts: Hilti, Inc . Tutsa, OK USA; 1 800 879 6000 Jerry Metcalf (x1003704)
Abbreviations used: NIE = Nene Established. N/A = Not Applicable.  NIAv = Not Avalable H = Hours HMIS:

Hazardous Matenals ldentification System

The information and recommendatons cortained heren are based upon data bebeved to be cormect however. no guarantee or
warranty of any kind expressed or implied is made with respect to the information provided

MSDS 338C, Page 2ol 2
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Certificate of Compliance

20111214-R13240
File R13240
2011 Decomber 14

Underwriters
Laboratories

fsswed to: Hilti Construction Chemicals, Div of Hilti Inc.
5400 S 122" East Ave
Tulsa, OK 74146

This is 1o certify thar  Fill, Void or Cavity Materials

representative samples of
CFS-BL. Firestop Block

Have been investigated by Underwriters Laboratories in accordance with
the Standard(s) indicated on this Certificate.

Standard(s) for Safery:  ANSVUL 1479, "Fire Tests of Through-Penctration Firestops,”
CAN/ULC-S115, "Sandard Method of Fire Tests of Firestop Systems."
Third Edition revised March |, 2010

Vdditional Information: See UL On-line Certification Directory at WWW.UL COM for additional information

CFS-BL Firestop Block for use in Through-Penetration Firestop Systems as currently described in the
UL Fire Resistance Directory.

Only those products bearing the UL Classification Mark should be considered as being covered by UL's

Chissilication and Follow-Up Service

| 1dent dicaled In Wwpropriate | " t

Look for the UL Classification Mark on the product

William R. Carney

Director, North American Certification Programs

Uskerwtaers Labustoeies b

Ay lon e g UL M serviops e preossced on Sehall of Tasders ries Latommones tnc. (U111 o amy swthocmed |hopsen of UL

For gustians, heaw et ¢ el U3 Camimenr Serve Reqrosentanio # Sz, 0w v il pom ghdal g [ages soques s
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A.2.11 CFS-DID Firestop Drop-In Device

Drop-In Device and Adapte

Firestop Drop-In Device e an Aiiaians Technical Data CFS-DID
Expansion - 356°F (- 18
ch-DID B One-step firstop solution fora vansty of (ggapsramm ¢ o
Pipe materiak and diameters Expansion rate 1:15 boad expamsion,
B Integrated moisture and smoke seal lcad = 5gfcm?
B Simpk, quickand erorfree i = = 1::0 fleebexp;r;nEn
2 . U [emperature -4° up to +
B Essily dentifiable to buiding imrspectors resiEtance {20° up o +88°C)
B Solution for enovation/retofit = well 5= Storage temperature 23° upto 122°F
new construction {-5° upto +50°C)
B Buy American compliant
C—
FORLEE z%&ﬁgmmu — -
FREETOPSYSTEM:
L] SEEULFIFE REETNCE prt] R l
CRECTORY SN -
gere | ] i &
Dezcription Foruse with | size | Qty Pipe size ltem No.
Drop-h Device GFS-DID2" G 4 1 upto2** | 02008097
Drop-In Device GFS-DID3" G 6" to 12* thick 5 1 3* 02008038
Drop-Ih Device GFS-DID4" G concrete/ metal deck g 1 4| ozooenc -
Drop-h Device GFS-DDE6" G 9 1 6' | 02008250 -
Drop-h Device GFS-DID2" MD 4 1 upto2** | 02008251 -
Drop-h Device GFS-DID 3" MD 2-12" t0 8" thick 5 1 3| 02008252 CFS-DIDfom abova(no cap)
Drop-h Device GFS-DID4" MD concretef metal deck 3 1 4~ | 02008253
Drop-h Device GFS-DIDE" MD Q° 1 8 | 02015574
Drop-n Device GFS-DID2" HG2 " 2 4 1 upto2' *| 02005254
Drop-h Device GFS-DID3" HGS gﬂ:ﬁ‘c’}gﬁ;ﬁe 5 1 3 | ozoosess
Drop-h Device GFS-DID 4" HGS 6" 1 4| 020082856 =
Drop-h Device GFS-DID2" HG10 912" b 1092 4 1 upto2* | 02008257
Drop-h Device GFS-DID3" HG10 e el [T 1 3 | 0200255 cre.piDfom abora(with cap)
Drop-n Device GFS-DID4" HG10 g 1 4" 02008259
Drop-h Device GFS-DID2" HG12 : 2 4 1 upto2'* | 02008260 e —
Drop-h Device GFS.DID3" HG12 1:42-1012-12 5| 1 = | ozooeed
thick hollow core
Drop-n Device GFS-DID 4" HG12 6 1 4" 02008262
Adspter GFS-DID2" 2 1} 02008268
» Adapter-bo hold top seal pig inpice | A D""’""s?'";"g?
= Adds 1" to the overall height CFS-DIDfom balw

*For pipes smalkr than 2°, use adapir and top saal plug
Testd in accordance with ASTM E814 + UL 1479 - CAN/ULE 115

Installation Instructions

‘ e DD 200/ HD% O D

(@ B e\

+V
¥

Hilti. Outperform. Outlast.

Hittl, Inc. (U.S.) 1 800-879-8000 www.uz.hiitlcom = en espanol 1-800-879-5000 = Hittl (Canada) Corp 1-800-363-4458 wwav. hittl.ca
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=TT =

MSOS No.- 335

Revision No.: 000
Rewvision Date: 042511
10f2

MATERIAL SAFETY DATA SHEET

Product name:
Description:

Supplior

Emergency ¥ {Chem-Trec )

CFS-DID

Metal Fuestop Drop n Device comtaning & biack inturmescent materal

Hitti, Inc. PO Baox 21148, Tulsa, OK 74121

1 800 424 8300 (USA PR, Virgin Isiands, Canada); 001 702 527 3847 (other countries)

INGREDIENTS AND EXPOSURE LIMITS

Net applicable This product = considered to be an “arlicle” as defined in the fadecal OSHA Hazard Communication Standard 28

CFR 19101200 ( 1928 59

PHYSICAL DATA

Appearance: Galvamzed metal sleeve wth red  Odor: None.
plastic top cap

Vapor Density: (air =1} Not apglicable Vapor Pressure. Not applcable

Boding Point: Not applicabla. VOC Content: o1@gn

Evaporation Rate! Not applicable. Solubility in Water: Not determined,

Specific Gravity: Not determined pH: Not applcabie

FIRE AND EXPLOSION HAZARD DATA

Flash Point: Not applicable Flammabie Limits: Mot applcable

Extinguishing Media: Use extingushing media appropaate for surroundng fire.

mzlul:'::ﬂﬂhﬂng Nore known

Unusual Fire and Explosion Nore known Product serves as a firestop, ntumescent maternal sleeve expands when exposed

Hazards: to temperatures > 160° C / 220° F

REACTIVITY DATA

Stabiiity: Stable Hazardous Polymerization: Wil not occur

Incom patibility: Nope knoen Decomposition Products: MNone known

Conditions to Avoid: Nore knoen

HEALTH HAZARD DATA

Known Hazards: Nore known Routes of Exposura: None knoan

Signs and Symptoms of None expected fram routine usefnstaliation according to manufacturec’s specifications and

Exposure: tachnical guides,

Carcinogenicity: The enclosed intumescent strp contans carbon black which has been classiied by the IARC as
2B - Possibly Carcinogemc to Humans® Thes data 1s based on long term mhalaton studes. As
m:vg‘c;dud 5 used no carbon black dust s present or produced, 5o ths classéficabon is not

Medical Conditions Nore known

Aggravated by Exposure.

EMERGENCY AND FIRST AID PROCEDURES

Eyes: Immesdiately fush with plenty of water  Call a physican f symptoms occur

Skinc Not appicable  Practice good hygene; i @ wash hands during breaks, before eating or smoking.

and after work.

Inhatation: Not applcable

Ingestion. Not & potential route of exposure

Other: Reforral to a physoan s recommended if there 15 any queshon about the senousness of any

Injurylexposure.

HILTI @ is 8 regstered rsdemark of Il Corp.
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CONTROL MEASURES AND PERSONAL PROTECTIVE EQUIPMENT

Ventilation: General (natural or mechanically induced fresh ar mavements)
Eye Protection; Not required. however, safety glasses should be womn in most ndustrial settings
Skin Protaction: None required, however, gloves recommended.
Respiratory Protaction: No respiratory protection is needed for normal applcation of this product
PRECAUTIONS FOR SAFE HANDLING AND USE
Handling and Storing Store in & cool dry area. Follow instaiiation instructions.
Pm:lznt
Spill Procedures. No special requirements.
REGULATORY INFORMATION
Hazard Communication: This product is considesed to be an “arick” as defned in the federal OSHA Hazard
Communicaton Standard.
DOT Shipping Name: Not regulated
IATA / ICAQ Shipping Name: Not regulated

TSCA Inventory Status:
SARA Title 1ll, Section 313:

EPA Waste Code{s):
Waste Disposal Methods:

Chermical components Isted on TSCA inventory

This product s classhied as an “artcle” and 15 net subject 1o reporting under Section 313 of SARA
Tdle Iil (40 CFR Pat 372)

Not regulated by EPA as a hazardous vaste.

Caorsult with regulatory agencies or your corporate personnel for dsposal methods thas comply
with local, state, and federal safely, heoth and erviranmental regulstions.

CONTACTS

Customer Service:
Health | Safety:
Emergency #(Chem.Trec)

The miormation and

1800 879 8000 Technical Secvice: 1 600 878 8000
1 800 879 6000 Jerry Metca¥  (x1003704)

1 800 £22 5300 (USA, PR, Virgin Islands, Canada), 001 702 527 3857 (ather countries)

ndations contained herein are based upon data beleved to be corect, however, no guarantee or

ecomma
warranty of any kind expressed of implied (s rmade with respact to the information provided

MSOS 335, Page 202
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Certificate of Compliance

Cerilcate Nomber 20110422-R15431 Pagu 1 of 1
Report Rederzrce 2011 April 22

fseue Dae 2011 Apri 22 Underwriters
Laboratories

Issued to: Hilti Inc.

5400 § 122ND East Ave
Tulsa, OK 74146

This is to certify that Firestop Devices
representitive samples of  CES.DID for use in Through-Penetration Firestop Systems as currently
described in the UL Fire Resistance Directory,

iters Lubarutagivy Inc.” (UL) or any anthorizod

lexnsee wi UL tn wevordupce with the Standurides) indicased v this Certificare.

Standurd(s) for Safery: ANSIUL 1479, "Fire Tests of Through-Penctration Firestops.”
CAN/ULC-8115-2005, "Standard Method of Fire Tests of Firestop
Systems."

Lddiional Information: See UL On-Lite Cectefication Directory ot www, UL com for additionnl information

Only those products bearing the UL Classificntion Mark should be considered sy being covered by UL Classiii "
and Follow-Up Serviee.
o
The UL Classificanion Matk welodes: UL iy o vizele svmbol @ watlt the word "CLASSIFIED™ (aw shown); o coptrol numb
(miry be alpbamuenc) sssigned by U1 tatemet 1 ndicate ih tent of UL s evaluation of the prodace; and, the prodisc
wegory name (prodics der itys a0 indicated in the appropruae UL Drectory

Look for the UL Classification Mark on the product

Willtwm R Chrmn
Drieectoy. Nonth Amecicur Cortifivat b PProprinis

Ul wite=. Ladyormmntion Vi

e L T e I T T el L s A L e e N T T T TERY
0 r et ey wunit m banal ) 0 Fmmbaor S 170D Taist 0000000 00 1) o vt b (L e wwp (54 o) i g
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A3 FIRE DOOR SPECIFICATIONS

LANRENCE Model SL Fire Doors
yr DOORS4 STANDARD SPECIFICATIONS

UL File No. R2820
CSFM Listing No. 3515-1587:100

PART 1 GENERAL

1.01 SUMMARY

A Model SL Fire Doors shal be manufaclured by Lawrence Rall-Up Doors, Inc

1.02 SYSTEM DESCRIPTION

A Doors shall be designed for 10,000 cycles usage

B Doors shall be for use on openings up to 14 .0" wide and 140" high

€. Doors shad be fire rated up to 3 hours for Nstalation on wals of Masonry of NoA-Masonry construction

1.03 QUALITY ASSURANCE

A Doors shall be Undarwriters Laborstories classified (UL), Underaritées Laboratones certffied for Canada (¢-UL). and listed by
the Calfomia State Fire Marshal (CSFM). Doors to 12-0" wide, 12-07 high, 120 &q. . shall be provided with & UL/c-UL label
Larper doors shall be provided with & ULic-UL oversize door label.

1.04 WARRANTY

A Doors shat be wamanted against defects in workmanship and materials for one year from date of shipment, provced designed
cycle Ife is not ded. Factory finishes are excluded from warranty

PART 2 PRODUCTS

2.01 MATERIALS

A, Curtain shall be assembled from interiocking Type C {3 /4" x 81167) cunved slals, rol-farmed from 22 gauge galvanized steel
strip. Endlocks shall be riveted Lo ends of allernale sials

B.  Bottom bar shall be formed by two 1 1/2° % 1 127 x 18" minimum steel angles balted together and altached to bottom of
curtain Provision shad be made for thermal expansion at assembly bats

C. Guides shall be 12 gauge minimum formec steed channels, sized to retain curtan, bolted to W16 minimum structural steel wall
angles, sized 1o support door. Guides shal be assembled and attached to wall with 38" minimum bolts no more than 24° on
canter. Provision shall be made for themal expansion al assambdly and wall bolls. Removable curtain stops shall be provided.

D.  Barrel shall be € 12" mnimum ciameter steel pipe, sized to cantain counterbalance assembly and support curtain with 8
maomum deflection of 0.03" per fi. of width. Counterbatance assembly shall consist of lorsion pring(s) and fitfings mounted to
a continuous cold finished steel shaft, Grease packed sealed bearings shall be used to support each end of counterbalance
assembly. Spring tension shall be adustable by adjusting wheel outsice bracket

E. Brackels shall be 18" minimum steel plates balted to wall angles. Prates shall be sized to support curtsin end barrel and
provided with 1/3” flanges for hood attachment. Brackel on oparator side shall be filted wilh & grease packed sealed beanng

F  Hood shall te formed from 24 gauge galvanzed stesl sheet with top and battomn reinforcements to reduce deflection
intermediate suppart shall be provided on doors over 13-6° wade,

G Operation of doors shall be s follows
PUSH-UP opersted on doars to 10-07 wide, 8-0" high with 22 gauge siats
“EASY-RESET CHAIN opersted (on larger doors) with hand chain to apen door end pull cable o dose door [option on doors.
with push-up operation)
‘EASY-RESET CRANK cperated (on doors to 14'-0" wide, 10-0° hugh) with remavabie handie 1o open door and pull cabtle 1o
close door foption on all doors]
‘EASY-RESET” MCTOR operated with UL Listed iniine gear drive assembly, mounted herizordally in front of and paraliel to
door coll, and not requiring additional clearance above top of cal [option on &l doors).
NOTE: For easa of dropfest and resed, “Easy-Reset” chain. crank or motor operator i mconmanded on afl doors

H. Automatic closing of doors shall be thermally activaled by 165 deq. F fusitie Iinks. A governor shall be provided Lo contral
the rate of descenl. Awverage closing speed shal be approximstely 97 1o 127 per second, bul no Jess than 6° nor more than 247
per second per the requirements of NFPA-B0. All coors shad be easily reset weh a single-side release  ‘Easy-Reset’ chain
crank and mator operators shall mclude an internal redease and governar, designed for automatic closing without & loss of
spnng tenson. and raset by reconnecting fusible nk cable and recpening door,

I, Loeking shall be by side locks on bottom bar of push-up, chain naist and awning crank operaled doors.
NOTE Mofor oparafors provice se-iocking gaar meckuction - if 3fde oks ane mequied o melor opersied doors, gusde mounted
olactnical intariocks are requared 10 provent opening door with Jocks enpaged

2.02 FINISHES

A Gahlanized steel slats and hood shad have a baked-on primer and potyesier top coat (1an color apposite coll side with off-white
color coil side (colors may be reversed). or grey color both sides). Steed battom bar, guides and brackets shal be shop painted
with & black calor rust-inhibiing pramer

PART 3 EXECUTION

3,01 INSTALLATION

A Doors shal be nstalled in accordance with Lawrence Rall-Up Doors, Inc. Installation instructions and NF PA-50.

3.02 FIELD QUALITY CONTROL

A Doors shal be tested for proper operation and full closure al time of nstallation. A writlen record shall be mantaned.
3.03 SCHEDULES

A Doors shad be mantained, Inspected and tested n accordance with NFPA-80

Gracets [ | owsamw an sokaze apian RN
Layama s FrlhUp DEers. 1 sssanass e (002 10 CRATge Spac S Eati s sRa# res o 41 o0l gatan © 200 | Lawemnes Fol U Dosre, s
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LMRENCE Model SL Fire Doors

y  DOORS4 AVAILABLE OPTIONS

Classification FM Approved (indudes flame baffle inside hood)
UL or FM S-abel for ar leakage rated smoke doors (ncudes UL lisied brush guide and header saals and
fieid Installed UL recognized heat resistant caulking)

Rating 4-nour fire rating
Windload Designs 1o withstand specified windloads fer doors on exterlor openngs
Mounting Beatween-amb mounting (includes filer angles)

Under lintel meunting lincludes fasca)

Tube mounting system (face of wall, belweenjamb, or guides and brackets directly attached, 10
independent support tubes either in font of, or concealed mside of, rated wall construction — lubes
mus! be provided by Lawrence Doors — consult fackory for detals)

Curtain Heavier than standard gauge Type C slats (20 gauge maximum)
Type F (27 x S/187) fat slats (22 or 20 gauge)
Vision lites of single or multiple {18 maximum} 4° x 1" cut-outs spaced at least 2 1/2” apan, covered
with UL classified glazing material (avadable with Type F slats)

Bottom Bar Vinyl botiom seal 10 reduce smoke and ar nfilration
Sensing edge to reverse closing of a motor operated door upon contact with an obstruction
Sloping bottom bar for non-level sills (12" per foot of wedth maximum slope )

Guides UL Listed brush seals to reduce smoke and air milraton (Type F slats recommended)

Hood & Covers  Heawver than standard gauge hood (20 gauge maximum )

UL Listed brush header seal, Beld Installed. to reduce smoke and alr infiltration between wal and cursain

Fame baffle inside hood, actvated by fusibie link. to closa area batween hood and curtain when door is
closed

Fasda to dose area behind brackets when no wall or fire barrier is present

End caps fo endosa operating or tension brackets (recommended when botiom of coll Is less than 8 feet
above the fioor and required to protect mechanisms on doors mountad o the extenor of a buiding)

Motor cover (recommended on motor operators less tan 8 feet above the foor or on the exterior of 8
building)

Operation Keyed handle release to close and test cham or crank operated doors and prevent unauthorzed use

(requires fiedd mstalled conduit from enclosure to operator mounting bracket to conceal pull cable)

‘Easy-Resst PLUS" cham. crank and motor operators, designed for detectorfalam activated and failsafe
closing upon & toss of pawer through the operator's intermal release and govemar — 1o reset, clear
alarm/irestore power, reconnect fusible link cable, and open doar

‘Auto-Reset’ chain, crank or motor operators, designed for detector/alarm actvated and fallsafe dosing
upen a loss of power through the operator's mternal release and govemnor — %o reset. cloar
alarmirestore power and open door

“Auto-FResel PLUS " motor operator, designed for detecter’alamn activated motor controlied closing i power
Is present, or failsafe closing upon a loss of power firough the operator's internal releasa and governor —
will siop upon sensing an cbstruction while closing and continue closed when the cbstruction is removed if
power is present and sensing edge is functioning, or will dose through the intemal release and governor —
to reset. clear alannirestore power and actvate open contred (requires door be provided with a monitored
sensing edga)

NOTE: “Easy-Rose! PLUS”. "Aute-Reset” and ‘Avto-Resel PLUS’ cpavators require conneciion (o a

24vacihde deteclovalarm, "Easy-Resel PLUS™ and "Awto-Resel” chain and crank opevalorns require

connection $oa 115vac power source

Finishes Galvanized steel bottom bar, guides and brackets
Powder coated slats, bottom bar, guides and hood

Closing Systems Fallsafe time delayed release for detector/alarm actvaled and fallsafe closing upon & loss of power
through release of the fusible link cable (not required with “Easy-Reset PLUS" chain and crank
operafors, "Auto-Resel” o "Aulo-Resel PLUS” cperators )

Auditle visible and voice warnings prior 1o automatc closing
Photo-electronic smoke, lonization and heat detectors

AJ ppmaars rrary et e svatabe on af doars Dther spsave ey ¥ 50 be avad st SO 13T
Lawemton Folh U Doare, o semmsw s 19 1Fe 3 CEarge specfatams wenst ree w chd g on B 2011 Lawwnss Fob Up Guers, nc
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LMRENCE Model SL

r  DOORS R Dooes
v ™ TENSION
PUSH-UP OPERATION
(1017w, Pt Y e
Lot hand oparaton is HOOD RELEASE
a3 shown - right hand / FOR SUSHLUP
operaon is opposits ! OPERATION)
Iy '
Elavalice and secton | s WRE
e ‘ OUTLINE OF
00 vt dotrs I — "y WALLANGLE
| | . GURTAIN st W) ZGUDE
A — SUDELOCK

CRANK OPERATION
[To 14" wide, 10" nigh)
- 1F |~
- =+AS
RATI T
DoorWidth*W™ | TS | PS | CS | AS | NS
To& * ¢ | & |6 |6 |6
Over8'0 12 |612° |62 |62 |61 | 612
Over 1209 | 712 | NA [TV |72 |12
For Batwoan Jamd Mourd, edd 14" 0 dmensiors
. *Liss et catagory for 4-heur raled doons.
V Bkt o Dvesieatone]
{rchdes Clusrsocs by Veriosl Sxporsen)
Dog i 4
ow ity LY 1 T
e S pen
¥ Ht
CURTAIN & BOTTOM BAR DETAILS Y HH 2w e [sw
¢ o LT
”’ ! 1)
TE T
j CrevEwww
j DOOR WIDTH
GENERAL NOTES:
C.git F-Siat Steol Angle Cisarancae are based upon standand coor constraction. Seme options trary
3 414° 5 5/46° 2 x9e Bar QA 20THONa CRRNCA, SH0D CraWings for speciic Appicatons am
(Optional) Botom avolable. Coneult 'actory lor ey nfommation not showe.
©20%! Lswnsrce Rodlip Doors, o Lawemnoo Ral-Up Dooms, ne. meeness T rght i change speofications wihou! notice or obligasion S
Toll Free (866) 939-3399 www.lawrencedoors.com Fax (626) 869-0841
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A4 FIRE DAMPER SPECIFICATIONS

RUSKIN

3900 Dr. Greaves Ad . Kansas City, MO 64030 . (B16) 761-7476 . FAX (816) 765-8968

FSDE0, FSDEOLP COMBINATION FIRE AND SMOKE DAMPER
1'/: HOUR ULS55 RATED, ULS55S LEAKAGE CLASS 1

APPLICATION
Ruakin FSOE0 Senea JIm W J38G08 combnation Ine and amoke
dampers provide pomi-of-ongn lee snd smoke containment. The
FaDED indudas hugn strength oneprece artos bindea 1o onuse the
Oweal 1SEEIaNcs 10 artkw 30 1 rated up W 4000 Tm (20 5 mi%) and
gin wp (? kPa)
Ruskin FSOGOLP ulve w £akags, low prolls, 8nd low pressus drop

sombination §rs and smoke damper 18 provided wit an integral g'
Heavarame daugn M FEDED Sanes Ampars may D inaied var-
caby in walls o hoettontaly n masorry f00rs v are raked b sutiow
vl 166Ka0R in eIt df action
STANDARD CONSTRUCTION B
—
Description FSO60 FEOBILP.
S X 16 g3ge 127 X L € IR these a8 Yamme
Gevinized, snghe peecs, 20 (1.0} page giavaned
Frame bt -shapsd channsl, struc- EL T
Turaly suge ol 3o 13 )23)
gage dharnd frars
Criapwco 0, € (152] | Dw-pca fow 50k MAXIMUI OPERATIONAL RATINGS
wde and 10 (L) gage mtcdynamc shage, 20 —
Biades gelvanized ansed eqovaknt | gagw (1 0) g3 ed Description FE060 Faosp
thdawr S0des o UL5558 A e
SepTcmatesy 8 (157 on Leakage Rating One S
cerfel
Besi Fankss stesl Neaw hype SRS 56t Slowin UL555 Hourly Rating 1MeHour % Hour
ngs Plessed mo foums fope, Coessed Mo ligne " \ 40’)’! FAW 2000 FAW
Sankiz stes| bk meml | Btarieas se, teotie N 120 3 mis| 110 2mis
damb Seal | . pimsonn type Wl comgnisann ype Maxintm Pressure Fn w 400w
S0 A% bype T(r BP0ty | STATIECE sted, Netis (2kPa) 1 kP9
25 0 450°F {25°C) and et COmaassion hyne Temperature IBOF (17770 SEF 17770
cufvinized Peel St lame
Blade Seal | eqt v 1500F (103°C)
mwchanesdy 13stannd 10 1he OPTIONS
Lk + M Approwsis 5 S0aclianon Tesad Podlrt
3 - n ALl oo .
Linkage | Concedledin trama L] » DTS {Damper T Switch) KT awkh (0or Gycks 1atn)
DAMPER SIZES * T8150 FreStat tor reopensbie cosmaon @ dynamio wmoke man-

Szes namied Hslow G ke ratings of
2000 FPM (102 mighand din w g (Y kPa)
MINIMUR SIZE
FSDGOLP - &' x £7h 160 x 150
FSD60 - &'w x £°h |20 x 157)

-

-

BORMer? Eysians

DECF/DSDN Duct Smoke Detector (Flow ralad o bio-Flow|
SP100 Switch Package © allow remots indeston of dirrpes blads
poaton

MCP contral paneis for teat purpozes or amake managemerd
Fyatems

MAXIMUM SZE + Factory Steewes ol yBrious larghe and ga0as 10 ensure feid
FSD60LP 5 COMEHances with UL instaiianon regur ements
FS!SJ:?. Section Vertical or Horszomtal - 38°w x 14" (314 x 3506 o FAST Angfe Bohry supgied o HDO1 B30 anghs oneands iresla-

Single Section Ventical - 32w x 48 (313 x 1019
Single Saction Horgomtal - =)"w X 4EM (162 x 119)

FSD60
Hultipie Section Vertical UL CLASSIFIED
1207w X5 {3048 % 435) ULESS Usting 75511
HMuitipie Section Horizontal

Electric Actusor — 120w x 96N (MG x 2455)
Preumatic Actuators = | &4 x 05'h [2akex 2a3d|
CONTROLLED CLOSURE DEVICE (HEAT-ACTUATED)
EFL [Elsove fuse Lin) - t68°F (T4°Cj starderd 212°F {100°C),
AECMF [121%C), B50°F (1 77*C) avalable
PEL (Preumatc Fuse Lk) - 166°F (T4°C) sandsed 212°F |100°C),
LEETF (14170 svalatie

NOTES
1. Dampees are lurmsshed aporonmaksy 1 (B amalae than ghea
penng amensona
DAPRore Eomn I pareniiasss | | ndeas milimsts

Fpac FROOO 21 1 Faplacas FEDMO403
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Hom Oeher anghas 01 VENOLE 51758 3rd Cages 350 avalabla ke one-
ke of two-0ide ridisbun

Mg FROGD saies ety e requr emenls 6 socke dampas
sabishad by

+ National Fire Protection Associaton NFPA Siandancs
G0, 80A G2A, 820 mnd 101

ICC Internationai Buliding Codes

CSFM Callfornia State Fire Marshal

Listing (§3235-0245 0125)

+ New York City (554 Lanng #1786

S

ALL STATED SPECAHRCARONS ARE SUSECT FO CHANGE MTHOLT SOTICF OF ORLAGATON

O Rk 2011



APPENDIX A. FIRE SYSTEM SPECIFICATIONS

FSD60 AMCA LICENSED AIR PERFORMANCE DATA

Auskxin Company certtfies that the
FSDS0 shown hereon Is koensed to
bear the AMCA Seal The ratings
shown are based on tests and proce
dures porformed i acocrdance with
AMCA Publicaton 511 and comply with
Ta mguraments of the AMCA Cartified
Hatings Progam, The AMCA Cartified
Ratings Saal appiies o alr padomance

for ha F5060
BOVEENT
:ﬂD'OOMnOA Tha FSDEOLP pressure drop depected
AIOCIATION an the chart balaw s peoliminary data

INTERNATIONAL, INC,

anly, AMCA Carsfiod %es8ng panding

To detenming the AMCA Liconses sr periormance:

Locate e applicabls faal per minute 1ace velocity on the Dotiom of Me velocily v, préssure drop chart delow. Move up tha chart 10 the most
appropriate size damper line. Fram the intersaction point. mova el to datermine the pressurs drop on the lslt sds of tha chart

For ather garmpar sizas redar to Alr Performance Data For Al Fire and Smoke Dampers 5p0c sheet

VELOCITY vs. PRESSURE DROP
1.0

08
0.7
0.6

/ 77

04 A4

W -

-
]

.

E.

03

0.2

J G

ll /;
.08
s 21

P ALY

04

‘,os / - /// 1
9

02 A

PRESSURE DROP (INCHES W.G.)
o
-

e

o0 / z

2 34 6789 2 34 5789
100 500 1000 5000 10000
FACE VELOCITY - FEET/MINUTE
AMCA Fig. 5.3
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APPENDIX A. FIRE SYSTEM SPECIFICATIONS

EXTENDED OPERATIONAL RATINGS (FSD60 ONLY)

The ULS55 and UL555S Test Standards requss all fire smoke
dampers f0 prove closure ar cpambion heated air fow velock:
tes of at least 2,000 fast per minute (10.2 mis) and 4 nchas of water

ok dampers in all sizas mast e minimum requireenants. In sddi-
tan Auskin FSOE0 dampers axceed those mensmum requiremants.
Ruskin FSDED dampens excead hesa minimum reguiraments n many
cases

{1 kPa) and " af 260°F. Al Ruskin fim

2,000 FPM Fail Close Operation
MODEL SIZE STATIC PRESSURE TEMPERATURE INSTALLATION
FSD&0 1207 x 96" 4wy 350¢ Verdcal
FSDGU 144" x G6° 4" wag. 380 Horzontad
FSDECLP 35" x 14" 4" wa 350° Vertical or Honzontad
3,000 FPM Fail Close Operation
64" x 7
FSDE0 1207 x 28" 4wy 280¢ Vorscal
32" x 08"
B x 7T
FSD&0 1207 x 36" wy. 250¢ Horzonts
I x 56"
B4” x 64"
FSD&0 120 x 3 Cwy 350¢ Varcal
a2 x 86"
B0 x 64"
FSD&0 1207 x 32 wa 350¢ Honzontsd
0 x 66"

FSD&U 120 x 96° 8wy 250 Verscal
FS060 1447 x 96" 6wy 250¢ Honzontsd
4,000 FPM Fail Close Operation

A48" x 48" Varscal
FSDS0 o5 x 29" gwy 2800 of
24" x 96" Honzontad
ACTUATOR REQUIREMENTS

LA5555 requires that all smoke dampees have taciory mountad

BCIRI0TS in 0rdar %0 bear the UL labed

* Fae Smoka dampers mee han singla $achon may meauies mul
tiple actuators. Se6 "Smoke Dampar Multipia Section Datall”
BpAc sheet %or datals.

* Fuskin's smoka campars ane ULSSSS labeisd with either sigcinc

FSDEOLP SLEEVE DIMENSIONAL DATA

OF PBUMETC SCATOS MOoUNted INMame (In & SIraam) of exter-
nal {out of aicstraam)

Flre smoks dampars uliizing multiple actuators maust have all
acsuators field wirgd to a common pant for Simultaneaus ch-
sura. AN fisid winng shall be In accordance with applicabie
codkes. ordnances and regulations,

-

The draming shoms the slandam posion of Me FSDEOLP whan
instaliad. Tha mounting location provides ancugh space for the
acualors. conrols (FAST) reaaining angles and duct connections.
Tra minmum sleeve langth &= 207 (506). Caneult Ruskin for shomear
soeve lengihe

NOTES
1. The ertire frame is nat required to be instalied wethin the wall The
canter na o1 1 coead blada. should Da contanad wihin the wal
2 See basic UL instailabon mstructions for compdete installation
equirements

312

- Wall Depth

101" (267) Min
127 {305} Max.




APPENDIX A. FIRE SYSTEM SPECIFICATIONS

FSD60 SLEEVE DIMENSIONAL DATA

The crawing and comespondng tatde show the posiion of e damper when mounied n a fac-
tory desva. Tha slandant mounting ocations provics snouch space 4oc the moumming of adtua.
tors, cortrods, netaliation of redaiing angres, and duct connections. The minmum Iacloty seeve “Sioeve
length is 177 (432). Consudt Rusin tor shartar shaswe langths.

Tre standand kcaion ol & camper mowted in & facton 386ve "L Amension) 16 Shown & ngre

*Minimum Sleeve Length Formula:

mator side

Sleeve Length « *L" dimension + wallfloor thickness « 3" sieeve non-

NOTE:

1. Tha amire camper {rame = nat required (o be retalied withn the wal. The damper bindes,

whin Cioesd shoukd be containad wihin he wal

2 See basic UL nsisiation instructions for camplete instalalion requraments

All dampers with All dampers with TS150, S#100 or DTS
EFL or PFL Electric Actuators Pneumatic Actuators

Pt W o H ‘H 331-4827(F) 331.2961(P) 331-3050(P)
Side | ovee 100 10 (254) | Over 217 | 21% (533) H H W -i'c' ' H

(254) | Mighand | (533 | Highand | Over28° | 28" (711) | Ower32" | 32°(B13) | Overd0” | 40 (1016}

High Undar High Under | (711) High & ﬂ"" Higha | (1016] | Highad

(see note) | (see note)| High igh b

“LT | e (181) | 105" (270) | TR (181) 103" (270)] TV (181) | 10867 {270] | T (181) | 1684° (270) | 1A (181) | 182" (270)

Note: The 21 (533) dmansion becomes 32° [B13) whan the MS4120, MS8120, GGD221 or FSNF and FSAF Seclas are utlized,

FSD60 SERIES SPACE ENVELOPE

Comtesaton Fre amoke dampers ane raquinsd by
tha UL lsting to hava all actuators and acoes-
S0raE 180kry mountad, wied andior piped. Tre
Augkin standard is for the ocustor o be located
o tha right nand 533 of the damger ionto 4 tac-
ofy Instaliag sheave or e plale) &2 viewed bom
the jackshalt face of the wnit. Larger urts may
PRguITe MUTIPG AClUAGRs wiich ate located on
the nght, et and menybie mearal mount kocaticns.

Sas ™ “Wultige Section Detail” speoit

ghea for detals, Ruskin's M 9moks dampan an
not air fow drectional 2o e dampers may te
rotated 180" or twred owar as kng as the bladas
Are [unnieg hodzomaly in @ postcn i eLommo-
dio rsthlation obeyucdons.

Tha adjacent chan indcates an 5" and a 1"
dmenson ke the spate envelips hal sach sdu-
ator rogares for netalaton. The *S* dmeasion is
the “sics” cearance. the 7" dmensicn & the “op”
clearance required lor the various actusiors
approved for use with Ruskin lire smoke
CRITpars

I" k3 ‘] ACTUATORS s T
ik ML FSLF, H2000 MS4200 4" {102) 2" (51)

FSNF. FSAF, MS4120 sH{t27) 5 1127)

: ad1-a827 &% {127) 6" (162}

| J31-2861 4" {20G) 4* (203}
31,3060 " (229 1 279)

]

| NOTES

_J 1. The dimersions shown in the charl sbove am ke dempers 147 (35%)
[:18

2. Dampers shorer Pan 147 [355) 18l norsass e T dmerson by

& - 1" (25) bor gvary 1° (25) the dampse 5 kess than 147 (356)
ushn recommends §° (152} o 3 pgiars ke than 147 (356 Pigh reducs the T dission by 1*

a0ds0nal apacs bayond the *5° ¢ 3
darion ocesas of sakiie (25) for evry 1*|25) ha damper heght s graater than 14° (356).
nance. Exampla:
0] 127 (305) tak damper weth & FSLF achake, T = 2 {52) and °S" « 4°
(e,
bij 18° (457) 1l dampee with o FSINF actustor, “T" = 17 (25) &1 "5 =57
(127)

FSD60 INTERNAL MOUNT ACTUATOR DIMENSION

Ruekn model FI060 has been testad for intémal mount acha- B Dim and Above B Dim and Above

tors and s Thesa apph % may be
where epac is lieriies o the ousde of the dampsr

mounted acluatons 9o not reguin the damper o have o laciary

ceatamea ACTUATORS
Wemaly B8 X 8 x

ML FELF, H2000 M54209 | 107 (154) | 107 (154) 18* (457} | 7" (191)

Inslated goeve o a8 Dika
._m’; FENF, FSAF, M54120 12°(305) |12%¢" (324) | 21°(533) | 5 (533)
1 331-4827 167 (a06) | 15°(381) | 2101533 | 7wt (191)
‘_’ o | 3512561 16°(a06) | 17" (432) | 247 (810; | 7ue (191)
. o oim, | 331-2060 20° (50@) | 19°(483) | 26* (880} | 0°(229)
Oim 55 (Model FSOSOLP not avallabie with mount )
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FSD60 DIMENSIONAL INFORMATION

BB

e
-

See Note

FSDEO Style LO,CO & WO
FSOS0LP Style LO & CO

Dia, « 27 (51)
Oia.
Seo Note
FSD50 Style B, CR and WR
FSDEOLP Style & & CR
DUCT TRANSITION CONNECTIONS
FS060 Sanes dampers may be suppied with Round, Oval and MINIMUM and MAXIMUM SIZES
FECIBNGUS CUCt CONNBCIONS Round Transitions
Mrimen 4° (102) demator
:"" m:o'r- Masirmam (4° (2368) iamesst
Rectangular and Oval Transitions
:" Round Non-Ssalad (Low Pressure) AEimum 6% x 4 (152 x 102)
WW(W Progsaurs) Maxmum 118w x 84 (2687 x 2388) in diamesar
WR Round Wekded (High Presaure) ‘8" Style Transitions
c Aectangutar Sealed (Low and Medium Prassure) Mirimumn haight 47 (102) ‘B’ sty transsons are utikzed on units
we Aoctanguiar Weldad {High Prassura) whare the damper height 5 lass than 6” (152)
:.:g g::: mswed (Lvap”wswe.\ Coneut Rusin for omer avalable stylés and sizes
- P "0(':.“"" ressure) Note: For medium prassure units (Styles CR. C and CO) the collar
eided (High Pressure) axtands 117" 138) beyoed the sleeve langth and for ow pressurs

Tha square damper size will be 2° (51) krger i width and haight
man tha round, ovial o rectangular duct #6260 ordered

Arp dampes

314

anrd high pressure units (Styles A, WH, WC and LO) the callar
exiends 21" (64) beyordd the sleeve langh

bly weight: 17 Ibs. per 6. 1 for Styde A asssmbly
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SPECIFICATION

Combinaion fArs smoke dampers meeadng of exceedng the fodow-
Ing spacificaticns shall be fumished and Instaled at iocations
shown on plans or as descabed m schedules. Combinehon fire
SMoks gampers shall e producad in an 130 S001 caifad fasory
and shall be warranted 10 be free from delects in malerial and
workmanship for & perod of 5 years after date of shipmant,
Oampers shall meat the equaments of NFFPAS), SOA, §2A and
928 and shall hare & o rating of 1770 hours in accordance with he
ladest sdtion of ULSSS anvd shal be classiliad a8 Leakags Cass |
Smoke Dampens in accordance with the latest version of ULESSS.
Dampans shail D6 AMCA Licansed and shall bear the AMCA carti.
fied rating seal foc mir perfcemance. AMCA certibed testng shall
vedly prassure drop does not exceed 037 w.g. a1 & face velooty of
1000 fpm on 2 24" x 24" damper

Qampar frame (when 28 peanitst shall be constnactsd usng he
UniFrame Desgn Concept (UCC) and shal be munimum 1€ gage
{1.6) gaivanized elesl formed into & structurs! hee channsl supaiior
t0 13 gage (2 30) channs! Mame. Asseriles legs than 357 (914)
wide x 147 (356} tugh shall be Low Profils {LP) design 1o meaximmize
the Iree ava of Hase smaler dampars, LF frame and Haede shall
ba 20 gage (1.0) ane shall includs an integral slaeve. Damper
béades chall ba sngle peece silfoll snaped with 14 (2.0) gage equiv-
alent thickness. Blade edge sonis shall be infiatable siicone
medhanicaly locked into biade edge. Jormt seds shadl be stardess

" ks Ha

“asl compression hyps. Baamgs shal b siainiess stes, pemma-
nently lbncatad gleave 1ype uming In &n extrudad hols in the
frame for magdmum ifs.

Combxnaton fire smoke dampers and thair actusars shall be gual.
ihed in accordance with ULSS5S 10 an slevated temperanrs of
250°F (121°C) or 350°F (177°C) Gapanding upan Mé actuator
Appropriste slectnc or pneumatc aciatorn (specifier select one)
shad be instalied by the damper manutacturer ot tme of dampar
fabricaton. Electne acustars, factory installed on dampers, shok
neave bean tagled for profongad perdads of holding (mnimum 1
YRAr wih no avdencs of reducsd apring relum parformance. Each
dampor shall be meed for leskags and arflow N either draction
through the camper In 1 10 the leakage ratngs alroady
specfied, the campers shall be AMCA licensed for Alr Perfor
mance

Opticonl FM Approvals Specification
Each combmation fise smoke damper shal be listed in Factory
Mutunl (FM) epprovass Specfication Tesled Product and ladbeled
accondingly.
Comtxnabon fire smaoke campam snall ba Fuskin FSDEC Sanes,
(Consudt www.ruskin.com for eloctroric version of this ‘Cuck” spoc
a5 wel as for coemplete 3-pact CSIE MssterFormat Specifications)

g vegedstin baxad rRs

Priniad on recyoid papet ‘%
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A.5 DOOR SPECIFICATIONS

A.5.1 Particleboard Door

Flush, “Economy” Panticleboarnd Core

> Specifications: 3,57 Ply construc tion, Meetsor exceeds industry standands of WDMA LS.
All20 minute doors have been tested in conformance tathe following standand st ASTM-E-
152/CSFM-43.7,CAN 4-5104, NFPA-252, UBC-7-2-97,UL10C

> LayUp Method: Loose

> {laximum Szes: Width - 4/0;Length - Depends on faces (Seefaces below forawailable length)

> Thickness: 1-3/2"and 1-3/4"ONLY

» Stikes: Softwood (Fir, Pine, Spruce, Basswood) Mill option Width =1"Nomiral, 13/16"
Minimurn after prefit size,

> Rails: 1-3/8"Thickness = MDF, 1-5/&8"Narminal, 1" Minir um after undercut; 1-3/4"Thickress
= MDF, 2-1/4" Nominal, 1" Minimum after under ut

» Core: 28-30lb Particleboard, ANS| 42081 Grade LD

> Fire Rating: 1-3/4"Thickness 20 Minute Rated*

# Faces: Raw only Lauan (Okuome) 3 ply, 8/0 Max length; Raw only RN Birch 2 Ply, MDF
Back, /64" Face Veneer, 870 Max kength; Raw only PS Red Oak 2 Ply, MDF Back 1/64" Face
Vereer, /0 Max length; Raw MDF Single Ply, 10/0 Max length; Prirned MDF Single Ply, 10/0
Max length; Embaossed Primed MDF Single Ply, 8/0 Max length; Embossed Prefinished MDF
{Legacy) Single Ply, 8/0 Max length

» Adhesive: Type-1 PVA, Interior installation only,

> (lachining: To Spexification

» Lites: To Specification

# Louvers: To Spexification

» Acoustial Rating: 32 STC In Operable; 20 STC Opearble (Mo Seal);29 STC Operable (With
seal/ Pemko 5773)

> Wamanty: Standard two year. See limited warmnty for details,

> Description Abreviations: E-1-3/8 = Ecoromy 1-3/8"Thic k PBC; E-20NL = Economny 1-3/4"
Thick PBC, Non Rated; E-20MNP = Economy 1-3/4"Thic k PBC, 20 Minute Newtral Pressure
E-20B = Ecanomy 1-3/4"Thick PBC, 20 Minute Category B; E-20A =Ecanomy 1-3/4"Thick

PBC, 20 Minute Category A
> Recommended Use: Residential ard Light Commercial
*eefire door specifications section i catabgue fordetail on sizesh and construction fimiations.

AN20 minwe doors have been tested i conformance to the followng standards: ASTM-L- 152, CSEM-43.7,
CANY 4-S104,0E PA-252, 0B C-7-2-97, ULI0C

Flush, “Standand” Panticleboard Cone

» Speifications: 3,5, 7 Ply construction, Meets or exceeds industry standamds of WDMA LS
All20 minutedoors have been tested in conformance tothe following standamd st ASTM-E-
152/ CSFMH43,7,CAN 4-5104, NFPA-252, UBC-7-2-97,UL10C

» Lay UpMethod: Loose

> aximum Szes: Width - 4/0;Length - Depends on faces (Seefaces below foravailable kength)

> Thickness: 1-3/8"and 1-3/4"ONLY

» Stikes: Paint Grade = F) Hardwocd, Raw Stain Grade = Matching Hardwood; Prefinished
= FJ Harcwood with matching edge banding over; P-lam = FJ Hardwood with matc hing
edge banding over; CAT-A = Special CAT-A Stile with matching edge barding over
Width = 1"Nominal, 13/18" Minirmum after prefit size,

» Rails: 1-3/8"Thickness = MDF, 1-5/8"Nominal, 1" Minim um after undencut
1-3/4"Thic kress =MDF, 2-1/4" Nominal, 1" Minimum after undercut

» Core: 28-30Ib Particleboard, ANSI A208.1 Grade LD-1

» Fire Rating: 1-3/4"Thickness 20 Minute Rated*

> Faces: Raw only RN Binch 2 Ply, MDF Back,1/64" Face Vereer /0 Max length; Raw only PS Red
Oak 2 Ply, MDF Bac k. 1/64" Face Vereer, 870 Max kengthy Raw MOF Single Ply, 1040 Max lengths
Prirmed MOF Single Py, 1040 Max length; Primed MDO 2 Ply HDF Back, 10/0 Max lengthy Select
Species Raw & Prefinished 3 Ply, 1/42" Face 90 Max length; Select Speies Raw & Prefinished 2
Ply, 1/42"Face, 1060 Max length; Plastic Laminate 2 Ply, 1/50" Face, 10/0 Max length; All lamirates
meet or exceed NEMA standands

> Adhesive: Type-1 PVA, Interior installation only,

» (lachining: To Spexification

> Lites: To Specification

> Louvers: To Specification

» Acoustial Rating: 32 STC In Operable; 20 STC Opearble (Mo Seal); 29 STC Operable (With
seal / Pemko $773)

> Warmanty: Stardard two year, See limited warmnty for details,

> Description Abreviations: 5-1-3/8 = Standard 1-3/8"Thic k PBC; S-20NL = Standard 1-3/4"
Thick PBEC, Non Rated; 5-20MP = Standard 1-3/4"Thic k PBC, 20 Minute Neutral Pressure;
5-20B =Standard 1-3/4"Thick PBC, 20 Minute Category B; 5-20A =Standard 1-3/4"Thick
PEC, 20 Minute Category A

# Recommended Use: Residentialand Light Cammercial

¥ee fire door specifications section b catabgue fordetails on sizesh and constructibn imitations.

WWW.DOORMERICA.COM

Al 20 minute doorshave been tested in conformance o thefollowing standards: ASTM-E-
152,C5EM-43. 7, CAN 4-5104, NE P&-252, UBC-7-2-97, UL1OC
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ABS-AMERICAN BUILDING SUPPLY, INC.

Doormerica [ Vendor Sie
DH-179 & DH-BB179 - 4% 4,4-1/2 x 4,4-1/2 X 4-1/2,5 X 4-1/2

Full Mortise, Standard Weight Hinge

oyl

Fealures: a2 x4 4302 x A2 S x 4.2
* Full mortise, square comar, standard wasght steel tempiate hinge _ .
* Matenal Gauge - 123,.4"- 134 41127
R 7 Stocked Products:
* Plain Bearing or Ba¥ Bearnyg g:ég?;‘a : 'xx ;m Ve RV tg} 33:32; Shg
* Screw packages - Al Maching Screws (AMS) and DHBB170 411" X 4 UBaog
- M Wood Screws (NAS) DHBB179 4-1/2" X 4-1/2° US3,US4,108,26,260,320
* Machine Screws - Phillips(#1) Flat-head DHBB178 5" X 4-172" 26D
-1Zx24x1z DHEB1798R 4-1/2' X4-12" 108,260
o Wood Scraws - Phillips(¥1) Fat-head Y,
-12x1-1/4"
* A0 avaltabie NRP non removabie pin P'q()kggmg Information:
3 r o Sire 4" 8 4-1/27 - 3 Hinges per BOX and 48 per Carlon
Options: Siza 5" - 3 Hines per BOX and 24 par Carfon
* NRP - Non-Remavadle pn with set screw
* DH-BBE174-SS - Ssainless Steal Basa Metal (3204 Note: NRP ( non removable pin) avallable on most sizes.
* DH-BB173 BR (brass dased) Contact sales department for availabliity

DH-RC179 & DH-RCBB179 -3-1/2x 3-1/2,4x 4
1/4" Radius Corner Standard Weight Plain & Ball Bearing Hinge

Sl

Fealures:

* Full mortise, 1 /4" Radius Coener, Standard Weight
Steel Tempiste Hinge

* Matenal Gauge - 3-1 /12" =118, 4" = 129

* Plain Bearing

* Bal Bearing Avalable Cnly nd x 4

* Screw packages - Al Machine Screws (AMS) and
AlWood Scraves (AWS) N &

oL/ 2" -AMS (10 x24 x /2 end AWS 2% 1) ' 3472 x 392

o 4" - AMS (12 x24 x 1/2) and AWS (12 x 1-1/4")

* NRP - non remaowadle pin stocked 4 x 4 size onty RC179

Stocked Product
DHRC179 3-1/2" X 3-1/2"and 4° X 4" US3,US4.108,15,25 260
DHRCEBRCIT9 4" X 47 US3 US4.108,15,25,260
o J)

0311 Amencan Buldog Supply, e, 23
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ABS-AMERICAN BUILDING SUPPLY, INC.

-

Doormerica Vondor Site

L.SV - Standard Duty Commercial Cylindrical Lever Locks-Grade 2

Features.

* Nar-Handad and Reyessible

* 2-5/4" Backsel 118" x2-1/4" Face Mate, UL 3 Hour
Fire Uisted Stainless Stedd Lakeh o Dead-Fatch

* Standa d Wilh Resnovable Thiu-Bolts ')
* 1-1/47 x 4.7 ANSI Stk L\ C

* Schiage *C™ 6 Pin Keyway Standard

* Barrior Free & Reums withen 1727 om Do Face.
* Saturn and Sparla Lever Tim

* Daof Thickness 1-3/8" - 1-314 «  ANSI A1362 Grade 2. UL10G and UBG 72 for
* RTB- Removabde thru bolts suppbed but NOT mstalied

Code compliance:

posiiive pressure

* ANSIAIT and ADA o barmier-lree accessdility
O,'J”U”S.' o CUBC - Cdilornia Amended Unifoan Bulders
* CL - Cluteh Function - Lver Bolates wilhout Coda - 2001 : _

imlateting the dou . NI I‘.: Hi) h‘]rl"i wwl Fre Prolection AA;-.:‘:: 1990
* I - Best Type Fygures 8 Interchangeabile lever * M ".““” Netionat.Fire Frateotion-Lile Sefety -

Innlet changeabie Coce NOT indoded e
* NLSV-SL238 2 Backset Spmg Lalkeh

. NSV 2 Hacksal Dead Latch 3 YEAR WARRANTY
* Suffix *17 -17 X 2-1/47 Lateh Face Mate.
* PLK-EXT-5 - Exlenssn ke 5° Backset
r N\
Stocked Product
LSY10LSV20, LSVA0 LSVES L SY70. L SYB0 LSY1 /0 SahenvSparla 260
LSY10.LSV40 LSVA3 LSV70 LSY80 SaturvSpara  US3,108.26
LSYA3 LSVTO,LSVE0 IC cone [ess cor Sahsn 26D
LSYH3 LSO, LSVED with Chikch Satum 108, 26D
\ )
16 Amercan Bulling Supply, Ine, 031
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A.5.2 Metal Door

YDOOR

COMPONENTS:

Knowtedgs, Qusllty & Servics

866.989.3667

7980 Redwood Ave, Fontana CA 92336

3 Sided Frames

Features

. o Face weld

= 16-gauge A60 galvannealed steel standard
« 7-gauge hinge reinforcements standard

« 12-gauge for closers standard

« Rust-inhibitive prime coat ANSI/SDI 250.10-1998
. O Any manufacturer’s hinge locations

. o Any manufacturer’s strike prep location
« @ Anchors to meet all wall construction

+ Any width and height

+ Anyjamb depth

« Available in KD Drywall or Masonry

Material Options

= l4-gauge and 12-gauge steel
« Avallable in Stainless Steel

Feature Options

+ Continuous weld

« ) Upto3hourfire label

* Hospital stop

Hardware Reinforcements

. e Optional prep to accept all manufacturers’ hardware
requirements

www.doorcomponents.com
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VIEJAL VUUR

-

q—— Fru
Listed
“H” SERIES DOOR ) i e

LOCK REINE. HINGE REINF.

* ECONOMICAL o TR

* IMPACT RESISTANT BEbbECEEeeCr P EEEEEEE

* INTERIOR OR EXTERIOR USAGE

* 1%" STANDARD, ALSO AVAILABLE IN 1 %~ s e l\

* 17 HEXCELLS FOR MAXIMUM STRENGTH, b |
RIGIDITY AND FLATNESS lagegagesededetad

* 18-GAUGE STEEL STANDARD.

(16-GAUGE DR 14-GAUGE STEEL OPTIONAL.)
(GO0 GALVANIZED STEEL OPTIONAL.)

» RUST INHIBITIVE PRIME COAT s3ssszey

« 18-GAUGE TOP AND BOTTOM CHANNELS $e8s2ecy
SPOTWELDED TO FACE SHEETS. 82827

» CONTINUOUSLY WELDED VERTICAL 35 | conTmwovsey
EDGES (SEAMLESS) STANDARD |

* 1° HONEYCOMB CELLS PERMANENTLY
BONDED TO BOTH FACE SHEETS. IMPACT
RESISTANCE - 45 PS| CRUSHING
STRENGTH OF HONEYCOMB

* FIRE LABELED

HARDWARE REINFORCEMENTS
* %" FOR HINGES

* 10-GAUGE FOR LOCKS (
* 12-GAUGE FOR CLOSERS

=1 MAXIMUM SIZE
\ ‘ PAIR SINGLE
||

1% HOURl 8°0"x9°0° 4°0"x9°0"

Other combinations
’ avalable

F D v G

W use AGD Hiot Dippedt Galvanized Steel ASTM A526 as & standard not a7 option
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-

ABS-AMERICAN BUILDING SUPPLY, INC.

on'

Features

* Nor-Handed and Reversible

® 2-3/4" Backsel 1-1M" x2-1/4" Face Mate, UL 3 Houwr
Fire Lsted Stunless Sted Lakeh o Dead-fatch

* Stanca d With Rernovable Thiu-Bolts

® 1-1/4% X 4. 18" ARSI Stitke

* Schiage *C™ 6 Pin Keyway Standard

« Gaerier Free & Retums withm 1027 from Doe Face

© Salurm and Sparta Lever Trim

* Daof Theckness 1-3/87 - 1.5344°

* RTB- Removable ru bolts Supphed but NOT mstalied

Oplions:

* CL - Cluteh Funchion - Lewy Rolates withols
umlatetung the cow

* 0 - Best Type Bygure 8 Interchangeadile leser
Inteschanpeatie Core NOT indoded

* NLSV-SL238 Backset Sprng Latch

* NSV (4238 234" Backsal Dead Latch

* SuMx 17 -17 X 2-1/47 Lateh Face Flate.

* PLK-EXT-5 - Exlenswn ke 5° Backset

@ A\

Code compliance:

2 2 UL10C and UBC 72 for

. ANSI A5

posiive

f
o ANSIAIT. and ADA for bamerdree aocessiility

o  CUBC - Cdifornia Amended Urniform Buiders
Code - 2001
. NFPA-80 National Fre Protection Assoc-19949

«  NFPA101 National Fee Prote

0N

hon<ite Safelty -

3 YEAR WARRANTY

Stocked Product

LSY10,LSV20,LSVAD LSVES | SYT0LSYROLSYITN

53 LSV70 LSva0
3L SVT0,LEVE0 IC cove less core
(53, LSVTO,LSYE0 with Critch

Sahenvsparta 260

SalurvSpara

Salen
Sahsn

LIS3,108 26
26D
108, 260

16 Amoncan Bulding Supply, Inc. 03N
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ABS-AMERICAN BUILDING SUPPLY, INC.

-

Prnce Pag-.- Doormerica | Vendor Site
DH-179 G DH-BB179-4%x4,4-1/2x4,4-1/2x 4-1/2,5 x 4-1/2

Full Mortise, Standard Weight Hinge

! o)

Fealures: avzx4 4102 x 412 S x 4012
* Full mortise, square comer, $tandard wesght steed tempiats hinpe .
* Matenal Gauge - 123.4"- 144 41/2°
~ R Stocked Products:
« Plain Bearing or Ba¥ Bearng OH179.4" X 4" 2nd 4-1/2" X 4-1/2° US3,US4,108,26,260
© Screw packages - Al Machine Screws (AMS) and OHEBT70 4 x.‘. be.9§1.1OB.2c,2bD
All Wood Soews (AWS) DHEB170 4-1/2"X 4 U83,25
R r e e DHBB178 4-1/2" X 4-1/2° LUS3,US4,108, 26,260,320
* Maching Sorews - iunmm ) l;lfltr'lr:‘n:l DHBB178 5" X 4-1/2' 26D
-12x24x172 DHBB1798R 4-1/2' X4-172" 108,260
o Wood Scraws - Phillips(¥1) Fat-head
-12x1-1/4" b
* A0 avaltabie NRP non removabie pin Pm’)}“(qgmg Information:
3 r o Siee 4" & 4-1/27 - 3 Hinges per BOX and 48 per Carlon
Options: Siza 5" - 3 Hinges per BOX and 24 par Carlon
* NRP - Non-Remavable pin with set screw
* DH-BB179-SS - Ssanless Steal Basa Matal (3204 Note: NRP ( non removable pin) avallable on most sizes,
* DH-BB173 BR (brass dased) Contact sales department for availabliity

DH-RC179 & DH-RCBB179 -3-1/2x 3-1/2,4x 4
1/4" Radius Corner Standard Weight Plain & Ball Bearing Hinge

Sl
|

Fealures:

* Full mortise, 1 /4" Radius Coener, Standard Weight
Steel Tempiste Hinge

* Matenal Gauge - 3-1 /2" =118, 4" = 129

* Plain Bearing

* Bal Bearing Avalable Cnly nd x 4

* Screw packages - Al Machine Screws (AMS;) and
Al Wood Scraws (AWS), " &

03 1/2"-AMS (10 x 24 x 1/2 end AWS @ %X 1) ' 3472 x 342

o4 - AMS(12x24x V2 and AWS (12 x 1-1/4")

* AP - non remowadle pin stockeo 4 x 4 size onty RC179

Stocked Product
DHRC179 3-1/2" X 3-1/2"and 4° X 4* US3,US4.108,15,25,260
DHRCEBRCIT9 4" X 47 US3 US4.108,15,26,260
- d/‘

0311 Amencan Buldog Supply, e, 23
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A6 SMOKE DETECTOR SPECIFICATIONS

FireworX F

Security Conventional Initiating Devices
Qverview Standard Features
e TX-6010.01.1 supervised photodectne smoke alares o o Long life IV lihium battesy cperoted

salf-Gognostic Laarn Mode wireless sensors with 0 313.5Mke _ )

transmitter, bult-in sounde, low battasy antunciatios, dngnasticl ¢ Learn Mode for ecsy programming

stotus LED, and mtegrated fixed temperature ond rote-of-nse heat o Aeliotle 319 5MHz arystal T onsmetser
sensors. Eoch unit will corruncate on darm and trouble condion

to g GE compatitie contral panel. In addition, themeunting tamper ¢ LOW battary pra-alorm sent to contral station
Wik sand a trouble condition as necessany o #ed replaceabie optical charmber

The TX Senes photodzctne smoke aloms continuoly montor o Autoratc doft compensanon
cperational status and preadde g visual troublie condition 1 they an# (el
out of the sengivey ronge o fol mternel dagnostics o 1owgral hact detactin

o Sultn 3548 temporol scunder
e senes raets NFAR 72 field sensinvity tesung requirements Latmiann

without the need %0 external miters. The olorm sensitivity level con ¢ Hesh featuse

b2 datenmined ot theunt. o Low boutary pre.alorm sent 1o conval stavon
Another feotura i butlt-n iRt campensatson thee ollows the darm

toadjust sansitvity outcematcally as it bacomes dirty ower time. The

drift compensation fecture dramoeticoly InCreoses e time betwesn

deaning, a5 well os reduong the chance of a nuisance darm.

Alow battery pee-lorm feature sends o 9gnal 1o the alarm com-
pany contrd stotion long before the smoke alarm begins its low
battery chirp, Ths ensures a pro-active resporse to regloce he bot-
tary n ¢ trmely manner ond without the disturbance coused by an
o Begping contiruously whan it neors the end of its life

Supervised Wireless

Smoke Alarms
TX-6010-01-1

Dt Shewt FXEZ01-000] hesee 1
ot 10 b0 wsod for MstuBoton parposes Poge Lol 2
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':,‘1 r
Security

143
T MR GEIECURRy
¥ 040814

Conadn
T£1937¢ 2030
Fs1937%72%8

feza
T452 2207 f108
FEST2142 9067

Lattn Arreren
0 TWaN)
F 05592430

NS Ly oMUY AN

© 209 Gererct Sectre Compary
W Rty fesenves

Specifications

Elcirenl
“akage IV i
Average stondby cutrant 35 pA tvpcal

Tagt curant 2 ma, el

Adarm currant T0 mA_ typeal

fottary typs [Note 1| IV trumn-0urocel e 12350000 0nd Porosn K @ CRE2 TS

Loaw battery threstold 2.7V causes low betsry <agnal

Fectures

Soundsr 8508 ot 101, tempanal pttsm

Low Dattory beep rate

1 evary 45 =2 Seconds

2. 5% = DE0%

“Gparuti bempentule

G010 100 i b 350

Opsictng humidty tongs
HEarenuney

010 95% noecondanuing
200 Ininute anenrs 1 to

_Drft companection oquwtment 0,554, max

Aote of re2 15°Fmnute » 105 85 3¢ mige > a0.670)
e 135 i ST GTIT 428

0F Eaquency 155 MHz

_Trangmitter 1D Freprogramimad, 1 millan codes
ML typs AM

sgraltfcrmat Fultasctth mcddoton

“Dutput et “Rlarm, restoe. 10 per. [ow Dattery, Houie, 1 houwt Spstesaly
Mrovseal

Cobor Whee

Ao dirsesrn SAx2an (142e8 mm

e dimeniens 5.0 wOGE 1L 337 % 12 i

Haguiniey

Lishings FoC CSFM

Hode b These botteres am the CHLY beands that have been tested ard cpproved Yir coe with the SEWVSTIRenes.

Ordering Information

TAECI001-1 Suparvsad tesdantal wrekess smoke dutector for Lse with dll compat Bic
GE Secunty paneh, 8506 sounder Fxedirote. oF. e nlarm transmttet
2-Utfsum belienes UL 116

Tre G001 -1-1 %G Same03 dbove - Mackags of 10 smoke alarms

ALLSD 1S

SMINCIRG Simoke in a Can® (eeroscl spray| for funchonal tasting of simoka detectors
packof 32

SM-ERT] SITHRE 1) (3 CAIN S ensr) Dl

211 0PG Feptacermert optcal chambars, peck of 10

Wil et rogret i O pRen: shell 1o poE mauntng

imagination at work
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APPENDIX B. THERMOCOUPLE LOCATIONS

B THERMOCOUPLE LOCATIONS

B.1 LBR-1AND SBR FIRE TESTS TC LOCATIONS

Two thermocouple trees were located in the LBR-1 and SBR fire tests as shown in Figure
B.1. The thermocouple tree with thermocouples 5-1 through 6-2 was installed in the SE
corner of the LBR area. The thermocouple tree with thermocouples 10-1 through 11-2
was installed in the southwest corner of the SBR area. The heights of the thermocouples
are listed in Table B.1 and Table B.2.

Figure B.1. TC trees in the SBR and LBR
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APPENDIX B. THERMOCOUPLE LOCATIONS

Two thermocouple trees were located above the ceiling space in the LBR-1 and SBR fire
tests as shown in Figure B.2. The thermocouple tree with thermocouples 6-3 through 6-7
was installed above the ceiling of the LBR area. The thermocouple tree with
thermocouples 11-3 through 11-7 was installed above the ceiling of the SBR area. The
heights of the thermocouples are listed in Table B.1 and Table B.2.

1))

O
PP PP
~NOoOU AW

LBR

SBR v

11-3
11-4
11-5

11-6
11-7

7

Figure B.2. TC trees above ceiling
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Table B.1. LBR TC trees list

5-1

5-2

5-4

5-5

o7

5-8

6-1

6-2

TC tree below ceiling of LBR starting with 6-2 starting on the floor slab and
increasing by 0.3m (1ft) increments to 5-1 on top at 2.7m (8.9ft)

6-4

6-5

6-7

TC tree hanging from 4™ floor slab above ceiling of LBR starting with 6-7
right above ceiling and increasing in 0.3m (1ft) increments to 6-3 being on top

Table B.2. SBR TC trees list

10-1

10-2

10-3

10-4

10-5

10-6

10-7

10-8

11-1

11-2

TC tree below ceiling of LBR starting with 11-2 starting on the floor slab and
increasing by 0.3m (1ft) increments to 10-1 on top at 2.7m (8.9ft)

11-3

11-4

11-5

11-6

11-7

TC tree hanging from 4™ floor slab above ceiling of LBR starting with 11-7
right above ceiling and increasing in 0.3m (1ft) increments to 11-3 being on
top
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Thermocouples 1-4 to 1-6 and 2-1 to 2-3 were placed in gaps formed between the north

column and the west and north walls of the LBR. Thermocouples 1-7 and 1-8 were

located in the cracks formed on the S wall of the LBR. The locations and heights of these

thermocouples are listed in Figure B.3 and Table B.3 respectively.

)
LY

o .
o o
"
£ .
W . P
A e s
- [
(]
'

Figure B.3. TC in the LBR column gaps and S wall cracks

Table B.3. LBR column gaps and S wall cracks TC list

1-4 (g) On the SW corner gap of the N column, 0.59m (1.94°) above floor
1-5 (g) On the SW corner gap of the N column, 2.03m (6.66°) above floor
1-6 (g) On the SW corner gap of the N column, 0.1m (0.33”) below ceiling
1-7 (9) SW corner of room, 1.22m (4.00”) above floor (LBR temp)

1-8 (g) SW corner of room, 1.24m (4.07°) above floor (stair landing temp)
2-1 (9) on the NE corner gap of the N column 0.6m (1.97”) above floor
2-2 (9) on the NE corner gap of the N column 2m (6.56°) above floor

2-3 (g) on the NE corner gap of the N column 2.7m (8.86°) above floor
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Thermocouples 2-4 and 2-5 were located on the northwest corner diffuser tile of the LBR.
Thermocouple 3-3 was located above ceiling of the LBR between the north column and
west wall of the LBR. Thermocouples 3-4 through 3-6 were located above the ceiling
adjacent to the west wall of the LBR. Thermocouples 3-7 through 4-2 were located above
the ceiling adjacent to the north wall of the LBR. The thermocouple locations are shown
in Figure B.4. These thermocouple locations are listed in detail with dimensions in Table
B.4.

1
1
1
1
1
1
1

Figure B.4. TC above LBR ceiling
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Table B.4. LBR above ceiling TC list

2-4 (s) on the NW corner diffuser

2-5 (s) on the NW corner diffuser

3-3 (g) above ceiling on SW corner gap of the N column, .32 above ceiling
3-4 (s) above ceiling of the W wall, 0.13m (0.43”) from N column

3-5 (s) above ceiling of the W wall, 1.5m (4.92”) from S wall

3-6 (s) above ceiling of the W wall, 0.1m (0.3”) from S wall

3-7 (s) above ceiling of the N wall, 0.3m (1”) from N column

3-8 (s) above ceiling of the N wall, 0.7m (2.3’) from N column

4-1 (s) above ceiling of the N wall, 1.2m (3.9°) from N column

4-2 (s) above ceiling of the N wall, 2.4m (7.9°) from N column
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Thermocouples 2-6 through 3-2 were located on the firestops on the west wall of the
LBR above the ceiling. Thermocouple 4-3 was located on the LBR west lighting box
firestop above the ceiling. The thermocouples are shown in Figure B.5. These

thermocouple locations are listed in detail with dimensions in Table B.5.

—_

— -

4-3 o

Figure B.5. TC on LBR firestops above ceiling
Table B.5. LBR firestops above ceiling TC list
2-6 (s) above ceiling on firestop, 0.19m (0.6°) from N column, 0.37m (1.2”) below
4th floor slab
2-7 (s) above ceiling on firestop, 0.52m (1.7”) from N column,0.42m (1.4°) below

4th floor slab

2-8 (s) above ceiling on firestop, 1.6m (5.2”) from S wall, 0.87m (2.9°) below 4th

floor slab

3-1 (s) above ceiling on firestop, 1.4m (4.6”) from S wall, 0.45m (1.5”) below 4th
floor slab

3-2 (s) above ceiling on firestop, 0.65m (2.1°) from S wall, 0.1m (0.3”) below 4th
floor slab

4-3 (9) above ceiling, SE corner of the W lighting, 2.7m (8.9”) from N wall, 1.4m
(4.6°) from W wall
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Thermocouples 4-4 and 4-5 were placed on the door frame of the fire door.
Thermocouple 4-6 was located on the fusible link of the fire door. Thermocouples 4-7
and 4-8 were located on the LBR and SBR sprinkler heads respectively. Thermocouples
12-1 and 12-2 were located on the door frame of the partition wall between the LBR and
SBR. The thermocouple locations are shown in Figure B.6 and listed in details in Table
B.6.

Figure B.6. TC on LBR and SBR fire systems

Table B.6. LBR and SBR fire systems TC list

4-4 (9) south part of fire door frame, 1.88m (6.2”) above floor

4-5 (9) south part of fire door frame, 0.3m (1”) above floor

4-6 (s) Fusible link of fire door, 1.5m (4.9’) from N wall, 0.24m (0.8’) below
ceiling

4-7 (s) sprinkler head fusible link in the LBR, 1.3m (4.3’) from N wall, 1.8m
(5.9’) from E wall, 2.8m (9.2”) above floor

4-8 (s) sprinkler head fusible link in the SBR, 1.3m (4.3’) from N wall 1.4m (4.6”)
from W wall, 2.8m (9.2”) above floor

12-1 | (g) W wall of SBR gap above the fire door, 1.6m (5.2”) from N wall

12-2 | Corner of the door frame in the partition wall, 2.1m (6.9”) above floor, 1.1m
(3.6%) from N wall
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Thermocouples 6-8 through 7-8 were located in the gap between the partition wall and
the north wall of the building. The thermocouple locations are shown in Figure B.7 and
listed in details in Table B.7.

N NN NN @
Sy d bWk ©

\)

Figure B.7. TC in Gap between partition wall and building N wall

Table B.7. Gap between partition wall and building N wall TC list

6-8 (g) NW corner gap of the SBR 2.7m (8.9”) above floor
7-1 (9) NW corner gap of the SBR 2.4m (7.9”) above floor
7-2 (g) NW corner gap of the SBR 2.1m (6.9°) above floor
7-3 (g) NW corner gap of the SBR 1.8m (5.9”) above floor
7-4 (g) NW corner gap of the SBR 1.5m (4.9°) above floor
7-5 (g) NW corner gap of the SBR 1.2m (3.9”) above floor
7-6 (g) NW corner gap of the SBR 0.9m (3”) above floor
7-7 (g) NW corner gap of the SBR 0.6m (2”) above floor
7-8 (g) NW corner gap of the SBR 0.3m (1”) above floor
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Thermocouples 8-1 and 8-2 were located above the ceiling of the SBR adjacent to the
north wall of the building. Thermocouples 8-3 and 8-4 were located above the ceiling on
the northeast corner of the SBR at different heights. Thermocouples 8-5 through 8-7 were
located above the ceiling of the SBR adjacent to the east wall of the building. The

thermocouple locations are shown in Figure B.8 and listed in details in Table B.8.

8-1 8-2 8-3 -

LBR

7

Figure B.8. Above SBR ceiling

Table B.8. Above SBR ceiling TC list

8-1 (s) above ceiling of N wall, 1.5m (4.9) from E wall
8-2 (s) above ceiling of N wall, 0.9m (3°) from E wall
8-3 (s) above ceiling of NE corner of the SBR

8-4 (g) above ceiling of NE corner of the SBR

8-5 (s) above ceiling of E wall, 0.6m (2”) from N wall
8-6 (s) above ceiling of E wall, 1.4m (4.6”) from N wall
8-7 (s) above ceiling of E wall, 2.6m (8.5”) from N wall
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Thermocouples 8-8 through 9-3 were located at various cracks on the south wall of the
SBR. Thermocouples 9-4 and 9-5 were located on the south wall of SBR firestops.
Thermocouple 9-6 was located on the firestop between the 3" floor slab and the east wall
of the SBR joint. Thermocouple 9-7 was located on the southeast corner gap of the SBR.

The thermocouple locations are shown in Figure B.9 and listed in details in Table B.9.

Figure B.9. TC on S wall of SBR
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Table B.9. Swall of SBR TC list

8-8 (9) gap on Swall, 1.12m (3.7°) from SW corner, 2.24 (7.3”) above floor

9-1 (9) gap on Swall, 1.12m (3.7°) from SW corner, 1.84m (6°) above floor

9-2 (9) gap on Swall, 1.12m (3.7) from SW corner 1.16 (3.8”) above floor

9-3 (9) gap on Swall, 1.12m (3.7°) from SW corner, 0.74 (2.4”) above floor

9-4 (9) S wall firestop on opening, 0.99m (3.2°) from SW corner, 0.8m (2.6")
above floor

9-5 (9) S wall firestop on opening, 0.83m (2.7°) from SW corner, 0.81m (2.7°)
above floor

9-6 (9) E wall to slab firestop gap, 0.19m (0.6”) from SE corner

9-7 (9) SE corner of SBR, 1.68m (5.5”) above floor
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Thermocouples 1-1 through 1-3 were located on the north exterior wall balloon framing

of the building. The thermocouple locations are shown in Figure B.10 and listed in details

in Table B.10.
13 L1 1-2
Q H LBR
Window Window >
W

Figure B.10. TC on N balloon frame of building

Table B.10. N balloon frame of building TC list
1-1 (9) NE Balloon Framing from LBR
1-2 (g) NW balloon framing from LBR
1-3 (9) Balloon framing from SBR
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B.2 LBR-2FIRE TEST TC LOCATIONS

One thermocouple tree was located in the southeast corner of the LBR as shown in Figure

B.11. The thermocouple tree consisted of thermocouples 7-1 through 8-2. The

thermocouple locations are shown in Figure B.11 and listed in details in Table B.11.

Figure B.11. TC tree in LBR

Table B.11. LBR TC tree list

7-1

7-2

7-4

7-5

7-7

7-8

8-2

TC tree below ceiling of LBR starting with 8-2 starting on the floor slab and
increasing by 0.3m (1ft) increments to 7-1 on top at 2.7m (8.9ft)
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Two thermocouple trees were located above the ceiling space in the as shown in Figure
B.12. The thermocouple tree with thermocouples 6-3 through 6-7 was installed above the
ceiling of the LBR area. The thermocouple tree with thermocouples 8-4 through 8-8 was
installed above the ceiling of the SBR area. The heights of the thermocouples are listed in
Table B.12.
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Figure B.12. TC trees above LBR and SBR ceiling

Table B.12. LBR and SBR above ceiling TC trees list

6-3

TC tree hanging from 4™ floor slab above ceiling of LBR starting with 6-7

6-5 right above ceiling and increasing in 0.3m (1ft) increments to 6-3 being on top

6-6

8-4
8-5
8-6
8-7

TC tree hanging from 4™ floor slab above ceiling of SBR starting with 8-8
right above ceiling and increasing in 0.3m (1ft) increments to 8-4 being on top
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Thermocouples 1-4 to 1-6 and 2-1 to 2-3 were placed in gaps formed between the north
column and the west and north walls of the LBR. Thermocouples 1-7 and 1-8 were

located in the cracks formed on the south wall of the LBR. The locations and heights of

these thermocouples are listed in Figure B.13 and Table B.13 respectively.

Figure B.13. TC in gaps in LBR column and in SW corner of LBR

Table B.13. LBR column and SW corner of LBR gaps TC list

1-4 (g) On the SW corner gap of the N column, 0.59m (1.9”) above floor
1-5 (9) On the SW corner gap of the N column, 2.03m (6.7) above floor
1-6 (g) On the SW corner gap of the N column, 0.1m (03) below ceiling
1-7 (g) SW corner of room, 1.22m (4°) above floor, (LBR temp)

1-8 (9) SW corner of room, 1.24m (4.1°) above floor (stair landing temp)
2-1 (9) on the NE corner gap of the N column 0.6m (2°) above floor

2-2 (g) on the NE corner gap of the N column 2m (6.6°) above floor

2-3 (g) on the NE corner gap of the N column 2.7m (8.9°) above floor
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Thermocouple 1-3 was located above the ceiling on the firestop of the west lighting box
of the LBR. Thermocouples 2-4 and 2-5 were located on the northwest corner diffuser
tile of the LBR. Thermocouple 3-3 was located above ceiling of the LBR between the
north column and west wall of the LBR. Thermocouples 3-4 through 3-6 were located
above the ceiling adjacent to the west wall of the LBR. Thermocouples 3-7, 3-8, 6-1 and
6-2 were located above the ceiling adjacent to the north wall of the LBR. The

thermocouple locations are shown in Figure B.14 and listed in details in Table B.14.

—_

— -

Figure B.14. TC above LBR ceiling
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Table B.14. Above LBR ceiling TC list

1-3 (g) above ceiling, SE corner of the W lighting, 2.7m (8.9”) from N wall, 1.4m
(4.6”) from W wall

2-4 (s) on the NW corner diffuser

2-5 (s) on the NW corner diffuser

3-3 (g) above ceiling on SW corner gap of the N column, 0.32m (1.1’) above
ceiling

3-4 (s) above ceiling of the W wall, 0.13m (0.4’) from N column

3-5 (s) above ceiling of the W wall, 1.5m (4.9”) from S wall

3-6 (s) above ceiling of the W wall, 0.1m (0.3”) from S wall

3-7 (s) above ceiling of the N wall, 0.3m (1”) from N column

3-8 (s) above ceiling of the N wall, 0.7m (2.3*) from N column

6-1 (s) above ceiling of the N wall, 1.2m (3.9°) from N column

6-2 (s) above ceiling of the N wall, 2.4m (7.9°) from N column
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Thermocouples 2-6 through 3-2 were located on the firestops on the west wall of the
LBR above the ceiling. The thermocouple locations are shown in Figure B.15 and listed
in details in Table B.15.

Figure B.15. TC on LBR firestops above ceiling

Table B.15. LBR firestops above ceiling TC list

2-6 (s) above ceiling on firestop, 0.19m (0.6°) from N column, 0.37m (1.2”) below
4th floor slab
2-7 (s) above ceiling on firestop, 0.52m (1.7°) from N column, 0.42m (1.4’) below
4th floor slab
2-8 (s) above ceiling on firestop, 1.6m (5.2°) from S wall 0.87m (2.9°) below 4th

floor slab

3-1 (s) above ceiling on firestop, 1.4m (4.6°) from S wall, 0.45m (1.5’) below 4th
floor slab

3-2 (s) above ceiling on firestop, 0.65m (2.1°) from S wall, 0.1m (0.3”) below 4th
floor slab
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Thermocouples 4-1 through 5-1 were located in the gap between the partition wall and
the north wall of the building. The thermocouple locations are shown in Figure B.16 and
listed in details in Table B.16.

Bps s s b
Lito~om b w N

\)

Figure B.16. TC in gap between LBR and N wall of building

Table B.16. Gap between LBR and N wall of building TC list

4-1 (g) NW corner gap of the SBR 2.7m (8.9”) above floor
4-2 (g) NW corner gap of the SBR 2.4m (7.9”) above floor
4-3 (g) NW corner gap of the SBR 2.1m (6.9”) above floor
4-4 (g) NW corner gap of the SBR 1.8m (5.9”) above floor
4-5 (g) NW corner gap of the SBR 1.5m (4.9”) above floor
4-6 (g) NW corner gap of the SBR 1.2m (3.9”) above floor
4-7 (g) NW corner gap of the SBR 0.9m (3”) above floor
4-8 (g) NW corner gap of the SBR 0.6m (2°) above floor
5-1 (g) NW corner gap of the SBR 0.3m (1) above floor
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Thermocouples 5-2 and 5-3 were placed on the door frame of the fire door.
Thermocouple 5-4 was located on the fusible link of the fire door and thermocouple 5-5
was located on the gap of the west wall of the SBR above the fire door. Thermocouple 5-
6 was located on the door frame of the partition wall between the LBR and SBR
Thermocouples 5-7 and 5-8 were located on the LBR and SBR sprinkler heads
respectively. The thermocouple locations are shown in Figure B.17 and listed in details in
Table B.17.

Figure B.17. TC on LBR and SBR fire systems

Table B.17. LBR and SBR fire system TC list

5-2 (9) south part of fire door frame, 1.88m (6.2”) above floor

5-3 (g) south part of fire door frame, 0.3m (1”) above floor

5-4 (s) Fusible link of fire door, 1.5m (4.9”) from N wall, 0.24m (0.8”) below
ceiling

5-5 (g9) W wall of SBR gap above the fire door, 1.6m (5.2°) from N wall

5-6 Corner of the door frame between the SBR and LBR, 2.1m (6.9’) above floor,
1.1m (3.6”) from N wall

5-7 (s) SBR sprinkler head fusible link 1.3m (4.3’) from N wall, 1.4m (4.6”) from
W wall 2.8m (9.2°) above floor

5-8 (s) LBR sprinkler head fusible link, 1.3m (4.3’) from N wall, 1.8m (5.9”) from
E wall, 2.8m (9.2”) above floor
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Thermocouples 12-1 through 12-4 were located at various cracks on the south wall of the
SBR. Thermocouples 12-5 and 12-6 were located on the firestops on the south wall of the
SBR. Thermocouple 12-7 was located on the firestop between the 3 floor slab and the
east wall of the SBR joint. Thermocouple 12-8 was located on the southeast corner gap of
the SBR. The thermocouple locations are shown in Figure B.18 and listed in details in
Table B.18.

Figure B.18. TC on S wall of SBR
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Table B.18. S wall of SBR TC list

12-1 | (g) gap on S wall, 1.12m (3.7’) from SW corner, 2.24 (7.3”) above floor

12-2 | (g) gap on S wall, 1.12m (3.7’) from SW corner, 1.84m (6”) above floor

12-3 | (g) gap on S wall, 1.12m (3.7’) from SW corner 1.16 (3.8”) above floor

12-4 | (g) gap on S wall, 1.12m (3.7’) from SW corner, 0.74 (2.4”) above floor

12-5 | (g) S wall firestop on opening, 0.99m (3.2’) from SW corner, 0.8m (2.6)
above floor

12-6 | (g) S wall firestop on opening, 0.83m (2.7°) from SW corner, 0.81m (2.7°)
above floor

12-7 | (g) E wall to slab firestop gap, 0.19m (0.6°) from SE corner

12-8 | (g) SE corner of SBR, 1.68m (5.5’) above floor
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Thermocouples 1-1 and 1-2 were located on the north exterior wall balloon framing of
the building. Thermocouples 9-1 through 10-1 were located on the thermocouple tree
hanging out of the west of the LBR window. The thermocouple locations are shown in
Figure B.19 and listed in details in Table B.19.

p E

Figure B.19. TC on N wall balloon frame and TC tree hanging out on west of LBR

window

Table B.19. List of N wall balloon frame TC and TC tree hanging out on west of
LBR window

1-1 (9) NE Balloon Framing from LBR
1-2 (9) NW balloon framing from LBR
9-1
9-2
9-3
9-4
9-5
9-6
9-7
9-8
10-1

0.25m (10in) from the W side of LBR window frame, spaced 0.3m (1ft)
vertically and horizontally
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Thermocouples 10-2 through 11-2 were located on the thermocouple tree hanging out of
the east of the LBR window. The thermocouple locations are shown in Figure B.20 and
listed in details in Table B.20.
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Figure B.20. TC tree hanging out on east of LBR window

Table B.20. TC tree hanging out of east side of LBR window TC list

10-2
10-3
10-4
10-5
10-6
10-7
10-8
11-1
11-2

0.33m (13in) from the E side of LBR window frame, spaced 0.3m (1ft)
vertically and horizontally
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Thermocouple 11-5 was located in the HVAC duct portion near the damper in the
corridor space. Thermocouple 11-6 was located in the HVAC duct portion near the
damper in the stair landing area. The thermocouple locations are shown in Figure B.21
and listed in details in Table B.21.

Corridor

LBR SBR

11-6

1)
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11-5 I N_
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Figure B.21. TC on HVAC duct dampers

Table B.21. HVAC duct dampers TC list

11-5 | Damper in the stairwell landing area
11-6 | Damper in elevator shaft area
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B.4 ESFIRE TEST TC LOCATIONS

A thermocouple tree was located in the corridor east of the shaft and another was located
above the ceiling of the LBR. The thermocouple tree in the corridor consisted of
thermocouples 9-5 through 12-8. The thermocouple tree in the LBR above the ceiling
consisted of thermocouples 6-3 through 6-7. The thermocouple locations are shown in
Figure B.22 and listed in details in Table B.22.
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Figure B.22. TC trees in corridor and above LBR ceiling
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Table B.22. Corridor and above LBR ceiling TC trees list

9-5

9-8

11-6

11-7

12-1

12-2

12-3

12-4

12-5

12-6

12-7

12-8

TC tree below 4™ floor slab in corridor starting with 12-8 on bottom. 0.3m
(1ft) above 3" floor slab and increasing at 0.3m (1ft) increments to 9-5 on top
at 3.9m (12.8ft)

6-3

6-4

6-6

6-7

TC tree hanging from 4™ floor slab above ceiling of LBR starting with 6-7
right above ceiling and increasing in 0.3m (1ft) increments to 6-3 being on top
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Thermocouple 1-3 was located above the ceiling on the firestop of the west lighting box
of the LBR. Thermocouples 2-4 and 2-5 were located on the northwest corner diffuser
tile of the LBR. Thermocouple 3-3 was located above ceiling of the LBR between the
north column and west wall of the LBR. Thermocouples 3-4 through 3-6 were located
above the ceiling adjacent to the west wall of the LBR. Thermocouples 3-7, 3-8, 6-1 and
6-2 were located above the ceiling adjacent to the north wall of the LBR. The
thermocouple locations are shown in Figure B.23 and listed in details in Table B.23.

—_

— ] -

Figure B.23. TC above LBR ceiling
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Table B.23. Above LBR ceiling TC list

1-3 (g) above ceiling, SE corner of the W lighting, 2.7m (8.9’) from N wall, 1.4m
(4.6”) from W wall

2-4 (s) on the NW corner diffuser

2-5 (s) on the NW corner diffuser

3-3 (g) above ceiling on SW corner gap of the N column, 0.32 (1°) above ceiling

3-4 (s) above ceiling of the W wall, 0.13m (0.4”) from N column

3-5 (s) above ceiling of the W wall, 1.5m (4.9”) from S wall

3-6 (s) above ceiling of the W wall, 0.1m (0.3”) from S wall

3-7 (s) above ceiling of the N wall, 0.3m (1”) from N column

3-8 (s) above ceiling of the N wall, 0.7m (2.3’) from N column

6-1 (s) above ceiling of the N wall, 1.2m (3.9°) from N column

6-2 (s) above ceiling of the N wall, 2.4m (7.9°) from N column
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Thermocouples 1-4 to 1-6 and 2-1 to 2-3 were placed in gaps formed between the north
column and the west and north walls of the LBR. Thermocouples 1-7 and 1-8 were
located in the cracks formed on the south wall of the LBR. The thermocouple locations

are shown in Figure B.24 and listed in details in Table B.24.

Figure B.24. TC on LBR SW corner and column gap

Table B.24. LBR SW corner and column gap TC list

1-4 (g) On the SW corner gap of the N column, 0.59m (1.9”) above floor
1-5 (9) On the SW corner gap of the N column, 2.03m (6.7) above floor
1-6 (g) On the SW corner gap of the N column, 0.1m (0.3) below ceiling
1-7 (g) SW corner of room, 1.22m (4°) above floor, (LBR temp)

1-8 (9) SW corner of room, 1.24m (4.1°) above floor (stair landing temp)
2-1 (g) on the NE corner gap of the N column 0.6m (2°) above floor

2-2 (g) on the NE corner gap of the N column 2m (6.6”) above floor

2-3 (g) on the NE corner gap of the N column 2.7m (8.9°) above floor
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Thermocouples 2-6 through 3-2 were located on the firestops on the west wall of the
LBR above the ceiling. Thermocouples 4-1 through 4-5 were located on the opposite side
of the same firestops from the corridor side which is shown in parentheses on the

respective firestops. The thermocouple locations are shown in Figure B.25 and listed in

details in Table B.25.
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Figure B.25. TC on both sides of the firestops above LBR ceiling
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Table B.25. LBR above ceiling firestops TC list

2-6 (s) above ceiling on firestop, 0.19m (0.6°) from N column, 0.37m (1.2°)
( below 4th floor slab

2-7 (s) above ceiling on firestop, 0.52m (1.7°) from N column 0.42m (1.4°) below
4th floor slab

2-8 (s) above ceiling on firestop, 1.6m (5.2°) from S wall 0.87m (2.9) below 4th
floor slab

3-1 (s) above ceiling on firestop, 1.4m (4.6°) from S wall 0.45m (1.5) below 4th
floor slab

3-2 (s) above ceiling on firestop, 0.65m (2.1) from S wall 0.1m (0.3’) below 4th
floor slab

4-1 (s) firestop on E wall of corridor, 3.4m (11.1°) above floor 0.6m (2°) from N
wall of building

4- (s) firestop on E wall of corridor, 3.4m (11.1°) above floor 1.1m (3.6°) from N
wall of building

43 (s) firestop on E wall of corridor, 0.86m (2.8°) below 4™ floor slab, 1.05m
(3.4’) from corridor S wall

44 | firestop on E wall of corridor, 0.38m (1.2°) below 4™ floor slab, 0.9m (3°)
from S wall of corridor

45 | (8 firestop on E wall of corridor, 0.06m (0.2") below 4™ floor slab, 0.06m

(0.2°) from S wall of corridor
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Thermocouples 4-6 through 4-8 were located on the firestops located on the south wall of

the corridor. Thermocouples 5-1 and 5-2 were located on the north wall of the shaft.

Thermocouples 5-3 through 5-5 were located on the north wall of the building. The

thermocouple locations are shown in Figure B.26 and listed in detail in Table B.26.
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Figure B.26. TC on S wall of corridor firestops and north of elevator shaft

Table B.26. S wall of corridor firestops TC list

46 | (9 firestop on Swall of corridor, .05m (0.2°) below 4" floor slab, 0.66m (2.2°)
from E wall of corridor

47 | (9 firestop on S wall of corridor, 0.3m (1°) below 4™ floor slab, 0.6m (2°)
from E wall of corridor

4g | (o firestop on S wall of corridor, 0.09m (0.3") below 4™ floor slab, 0.48m
(1.6°) from E wall of corridor

5-1 (9) N wall of shaft, 4.1m (13.4°) above floor, 0.8m (2.6”) from E wall of shaft

5-2 (9) N wall of shaft, 4.1m (13.4") above floor, 2.1m (6.9”) from E wall of shaft

5.3 (9) N wall of building, 2.5m (8.2°) above floor, 1.8m (5.9”) from NW corner
column of building

5.4 (9) N wall of building, 4.2m (13.8”) above floor/1.8m from NW corner column
of building

5.5 (9) N wall of building, 4.2m (13.8°) above floor, 2.8m (9.2) from NW corner
column of building
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Thermocouples 7-1 through 7-7 were located on the 4™ floor slab vertical firestops on the
north side of the elevator shaft. Thermocouple 7-8 was located on the concrete surface.
The thermocouple locations are shown in Figure B.27 and listed in details in Table B.27.

8 ()

Figure B.27. TC on 4th floor firestops N of shaft

Table B.27. 4th floor firestops N of shaft TC list

7-1 (9) Inside shaft from NE corner of shaft on 4™ floor slab level

7-2 (s) N wall of shaft openings/firestop, 0.33m (1.1”) from E wall of shaft

7-3 (s) N wall of shaft openings/firestop, 0.57m (1.9”) from E wall of shaft

7-4 (s) N wall of shaft openings/firestop, 1.05m (3.4”) from E wall of shaft

7-5 (s) N wall of shaft openings/firestop, 1.40m (4.6”) from E wall of shaft

7-6 (s) N wall of shaft openings/firestop, 1.60m (5.2”) from E wall of shaft

7-7 (9) N wall of shaft openings/firestop, 2.1m (6.9”) from E wall of shaft

(s) concrete slab temperature, 1.87m (6.1°) from N wall of building, 0.62m
(27) from E wall of elevator shaft, east side of the space around elevator shaft
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Thermocouples 8-1 and 8-2 were located on the vents on the EL in the 4™ floor.

Thermocouples 8-3 through 8-8 were located on the 4™ floor slab vertical firestops on the

north side of the elevator shaft. The thermocouple locations are shown in Figure B.28 and
listed in details in Table B.28.
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Figure B.28. TC on 4th floor vents and W of shaft firestops

Table B.28. 4th floor vents and W of shaft firestops TC list

8.1 (9) S vent on 4™ floor west of elevator shaft, 5m (16.4°) from N wall of
building

8.2 (9) N vent on 4™ floor west of elevator shaft, 4.2m (13.8°) from N wall of
building

8-3 (s) concrete slab temp of west side of elevator shaft

8-4 () sprinkler pipe

8-5 (s) sprinkler pipe firestop gap

8-6 (s) mineral wool on 4™ opening from NW corner of building, 2.3m (7.5°)
from N wall of building

8-7 (s) Mineral wool on 3™ opening from NW corner of building, 1.8m (5.9°)
from N wall of building

8-8 (s) Firestop on 3™ opening from NW corner of building, 1.5m (4.9°) from N
wall of building
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Thermocouples 1-1, 1-2, 9-1 and 9-1 were located on the north exterior balloon framing
of the building. Thermocouples 9-3 and 9-4 were located on the west exterior balloon
framing of the building. The thermocouple locations are shown in Figure B.29 and listed
in details in Table B.29.

0 I | 1.

Figure B.29. TC on N and W exterior balloon framing walls

Table B.29. N and W exterior balloon framing TC list

1-1 (9) NE Balloon Framing from LBR
1-2 (9) NW balloon framing from LBR
9-1 (g) W side of N wall of building
9-2 (9) E side of N wall of building

9-3 (9) S side of W wall of building
9-4 (9) N side of W wall of building
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Thermocouples 10-1 through 11-5 were located inside the elevator shaft from the 3" to
the 5™ floor. The thermocouple locations are shown in Figure B.30 and listed in details in
Table B.30.
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Figure B.30. TC inside elevator shaft from 5th to 3rd floor

Table B.30. Inside elevator shaft from 5th to 3rd floor TC list

10-1

10-2

10-3

10-4

10-5

10-6 TC tree inside elevator shaft hanging down from the roof with 10-1 being
10-7 0.25m (10in) below the roof and decreasing at 0.9m (3ft) increments ending

10-8 with 11-5 being 0.66m (2.2ft) above the 3" floor slab

11-1

11-2

11-3

11-4

11-5
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B.5 EL-1ANDEL-2FIRE TESTS TC LOCATIONS

A thermocouple tree was located in the southwest corner of the EL and another one in
front of the shaft door as shown in Figure B.31. The thermocouple tree in front of the
shaft door consisted of thermocouples from 3-7 through 4-8. The southwest corner
thermocouple tree consisted of thermocouples 9-1 through 10-2. The thermocouple

locations are shown in Figure B.31 and listed in details in Table B.31.
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Figure B.31. TC trees in EL
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Table B.31. EL TC trees list

3-7

4-1

4-2

4-4

45

4-7

4-8

TC tree in front of shaft door below ceiling of EL starting with 4-8 starting
on the floor slab and increasing by 0.3m (1ft) increments to 3-7 on top at
2.7m (8.9ft)

9-1

9-2

9-4

9-5

9-7

9-8

10-1

10-2

TC tree in SW corner of EL below ceiling, starting with 10-2 starting on the
floor slab and increasing by 0.3m (1ft) increments to 9-1 on top at 2.7m
(8.9ft)
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Two thermocouple trees were located in the EL above the ceiling in the fire tests as

shown in Figure B.32. The thermocouple tree with thermocouples 3-1 through 3-5 was

installed above the ceiling of the northwest corner of the EL area. The thermocouple tree

with thermocouples 5-1 through 5-5 was installed above the ceiling of the southeast

corner of the EL area. The heights of the thermocouples are listed in Table B.32.

h

o

1 o1 aalch
a1 W N|H

Figure B.32. TC trees above EL ceiling

Table B.32. EL above ceiling TC trees list

3-1

3-2 TC tree hanging from 4™ floor slab above ceiling SE EL starting with 3-5
3-3 right above ceiling and increasing in 0.3m (1ft) increments to 3-1 being on
3-4 top

3-5

5-1

5-2 TC tree hanging from 4™ floor slab above ceiling NW EL starting with 5-5
5-3 right above ceiling and increasing in 0.3m (1ft) increments to 5-1 being on
5-4 top

5-5
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Thermocouples 1-1 through 2-2 were located inside the elevator shaft from the 3™ to the
5™ floor. The thermocouple locations are shown in Figure B.33 and listed in details in
Table B.33.

2-5 0o
) 2.2
[ 2-1 |
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Figure B.33. TC inside elevator shaft from 5th to 3rd floor

Table B.33. Inside elevator shaft from 5th to 3rd floor TC list

1-1
1-2

1-4
1-5
1-6 TC tree inside elevator shaft hanging down from the roof with 10-1 being
1-7 0.25m (10in) below the roof and decreasing at 0.9m (3ft) increments ending
1-8 with 11-5 being 0.66m (2.2ft) above the 3" floor slab

2-1
2-2
2-3

2-5
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Thermocouples 7-1 and 7-2 were located on the south exterior balloon framing of the
building. Thermocouples 7-3 and 7-4 were located on the west exterior balloon framing
of the building. The thermocouple locations are shown in Figure B.34 and listed in details
in Table B.34.

7-4 7-3 7-2 7-1

: “]. .M.

Figure B.34. TC on S and W exterior balloon framing walls

Table B.34. S and W exterior balloon framing walls TC list

7-1 Balloon framing south wall East
7-2 Balloon framing south wall west
7-3 Balloon framing west wall south
7-4 Balloon framing west wall north
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Thermocouple 12-7 was located on the north vent of the 4™ floor. Thermocouple 12-8
was located in the HVAC duct near the fire damper in the stair landing area. The

thermocouple locations are shown in Figure B.35 and listed in details in Table B.35.

! | Lﬁ

1217 o

12-8

= 1|y

Figure B.35. TC in HVAC duct damper and 4th floor vent

Table B.35. HVAC duct damper and 4th floor vent TC list

12-7 Vent temperature in the fourth floor
12-8 TC in the duct of the stairwell landing

368



APPENDIX C. FIRE TEST RESULTS

C FIRE TEST RESULTS

C.1 LBR-1FIRE TEST TEMPERATURES
C.1.1 Thermocouple Trees

Figure C.1 shows the TC trees that were placed in the LBR and the SBR. Figure C.2
shows the TC trees that were placed above the ceiling of the LBR and SBR.

Figure C.1. TC Trees in the SBR and LBR
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Figure C.2. TC trees above ceiling of LBR and SBR
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Figure C.3 shows the temperatures recorded by the thermocouple trees in the LBR and

space above the LBR ceiling. The thermocouple location details are listed in Table C.1.

LBR TC Trees Temperatures

90
80
70
60
50
40
30
20

f /~
17 /

- e &

20
3T e e - a W =

——
Sems’

10 |
0

: : : : : : : : : | 6-6
100 200 300 400 500 600 700 800 900 1000

Time (s)

Figure C.3. LBR and space above LBR ceiling temperatures
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Table C.1. LBR TC trees list

5-2

5-3

5-5

5-6

5-8

6-1

6-2

TC tree below ceiling of LBR starting with 6-2 starting on the floor slab and
increasing by 0.3m (1ft) increments to 5-1 on top at 2.7m (8.9ft)

6-3

6-5

6-6

TC tree hanging from 4™ floor slab above ceiling of LBR starting with 6-7
right above ceiling and increasing in 0.3m (1ft) increments to 6-3 being on top
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Figure C.4 shows the temperatures recorded by the thermocouple trees in the SBR and
space above the SBR ceiling. The thermocouple location details are listed in Table C.2.

SBR TC Trees Temperatures

0 100 200 300 400 500 600 700 800 900 1000
Time (s)

Figure C.4. SBR and space above SBR ceiling temperatures
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Table C.2. SBR TC trees list

10-1

10-2

10-3

10-4

10-5

10-6

10-7

10-8

11-1

11-2

TC tree below ceiling of LBR starting with 11-2 starting on the floor slab and
increasing by 0.3m (1ft) increments to 10-1 on top at 2.7m (8.9ft)

11-3

11-4

11-5

11-6

11-7

TC tree hanging from 4™ floor slab above ceiling of LBR starting with 11-7
right above ceiling and increasing in 0.3m (1ft) increments to 11-3 being on
top
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C.1.3 LBR Column Gap

Figure C.5 shows the thermocouples that were located in the gaps formed between the
north column and west and north walls of the LBR and the thermocouples that were

located in the cracks formed on the south wall of the LBR.
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Figure C.5. TC in the LBR column gaps and south wall cracks
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Figure C.6 shows the temperatures of the thermocouples recorded inside the column gaps

and south wall of LBR cracks. These thermocouple locations are listed in detail in Table

C.3.

LBR Column and South Wall Gap Temperatures

Swdlemeooaecoaoaoaae s EP er e an @P e D e @ T P T ® @> W a» T @ @ ©
l l l l l l l l l |

0O 100 200 300 400 500 600 700 800 900 1000
Time (s)

Figure C.6. LBR column and south wall gap temperatures

Table C.3. LBR column gaps and S wall cracks TC list

1-4 (g) On the SW corner gap of the N column, 0.59m (1.94°) above floor
1-5 (9) On the SW corner gap of the N column, 2.03m (6.66°) above floor
1-6 (g) On the SW corner gap of the N column, 0.1m (0.33”) below ceiling
1-7 (9) SW corner of room, 1.22m (4.00”) above floor (LBR temp)

1-8 (g) SW corner of room, 1.24m (4.07°) above floor (stair landing temp)
2-1 (g) on the NE corner gap of the N column 0.6m (1.97°) above floor
2-2 (9) on the NE corner gap of the N column 2m (6.56”) above floor

2-3 (g) on the NE corner gap of the N column 2.7m (8.86°) above floor
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C.1.4 LBR Space Above Ceiling

Figure C.7 shows the thermocouples that were placed in the space above the ceiling of
the LBR.

Figure C.7. TCs above LBR ceiling

377



APPENDIX C. FIRE TEST RESULTS

Figure C.8 shows the temperatures recorded by the thermocouples above the LBR ceiling

space. These thermocouple locations are listed in details in Table C.4.

Temp (C)
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LBR Above Ceiling Temperatures
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Figure C.8. Space above LBR ceiling temperatures

Table C.4. LBR above ceiling TC list

2-4 (s) on the NW corner diffuser

2-5 (s) on the NW corner diffuser

3-3 (g) above ceiling on SW corner gap of the N column, .32 above ceiling
3-4 (s) above ceiling of the W wall, 0.13m (0.43’) from N column

3-5 (s) above ceiling of the W wall, 1.5m (4.92”) from S wall

3-6 (s) above ceiling of the W wall, 0.1m (0.3) from S wall

3-7 (s) above ceiling of the N wall, 0.3m (1”) from N column

3-8 (s) above ceiling of the N wall, 0.7m (2.3”) from N column

4-1 (s) above ceiling of the N wall, 1.2m (3.9”) from N column

4-2 (s) above ceiling of the N wall, 2.4m (7.9”) from N column
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C.1.5 Above LBR Ceiling Firestops

Figure C.9 shows the thermocouples that were placed on the firestops in the LBR above

the ceiling.

Figure C.9. TCs on LBR firestops above ceiling
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Figure C.10 shows the temperatures of the firestops above the LBR ceiling space. These

thermocouple locations are listed in Table C.5.

Firestops above LBR ceiling

50

Temp (C)

10 I I I I I I I I I I
0 100 200 300 400 500 600 700 800 900 1000

Time (S)

Figure C.10. Firestop temperatures above the LBR ceiling

Table C.5. LBR firestops above ceiling TC list
2-6 (s) above ceiling on firestop, 0.19m (0.6°) from N column, 0.37m (1.2”) below
4th floor slab
2-7 (s) above ceiling on firestop, 0.52m (1.7°) from N column,0.42m (1.4”) below
4th floor slab
2-8 (s) above ceiling on firestop, 1.6m (5.2”) from S wall, 0.87m (2.9°) below 4th

floor slab

3-1 (s) above ceiling on firestop, 1.4m (4.6”) from S wall, 0.45m (1.5°) below 4th
floor slab

3-2 (s) above ceiling on firestop, 0.65m (2.1°) from S wall, 0.1m (0.3’) below 4th
floor slab

4-3 (9) above ceiling, SE corner of the W lighting, 2.7m (8.9”) from N wall, 1.4m
(4.6%) from W wall

380



APPENDIX C. FIRE TEST RESULTS

C.1.6 Active Fire Systems in the LBR and SBR

Figure C.11 shows the thermocouples that were located on the fire protection systems in
the LBR and SBR areas.

Figure C.11. TC on LBR and SBR fire systems
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Figure C.12 shows the temperatures recorded of the fire protection systems in the LBR

and SBR. These thermocouple locations are listed in details in Table C.6.

Fire System Temperatures
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Figure C.12. Temperatures of fire systems in the LBR and SBR

Table C.6. LBR and SBR fire systems TC list

4-4 (9) south part of fire door frame, 1.88m (6.2”) above floor
4-5 (9) south part of fire door frame, 0.3m (1”) above floor

4-6 (s) Fusible link of fire door, 1.5m (4.9°) from N wall, 0.24m (0.8) below
ceiling

4-7 (s) sprinkler head fusible link in the LBR, 1.3m (4.3’) from N wall, 1.8m
(5.9%) from E wall, 2.8m (9.2”) above floor

4-8 (s) sprinkler head fusible link in the SBR, 1.3m (4.3”) from N wall 1.4m (4.6”)
from W wall, 2.8m (9.2”) above floor

12-1 | (g) W wall of SBR gap above the fire door, 1.6m (5.2”) from N wall

12-2 | Corner of the door frame in the partition wall, 2.1m (6.9”) above floor, 1.1m
(3.6%) from N wall
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C.1.7 Gap Between Partition Wall and North Wall of Building

Figure C.13 shows the thermocouples that were located in the gap between the partition
wall and north wall of the building.
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Figure C.13. TC in Gap between partition wall and building N wall
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Figure C.14 shows the temperatures in the gap formed between the partition wall and

north wall of the building. These thermocouple locations are listed in Table C.7.

Gap Between Partition Wall and North Wall of Building
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Figure C.14. Temperatures in the gap between the partition wall and north wall of
building

Table C.7. Gap between partition wall and building N wall TC list
6-8 (9) NW corner gap of the SBR 2.7m (8.9”) above floor
7-1 (g) NW corner gap of the SBR 2.4m (7.9”) above floor

7-2 (g) NW corner gap of the SBR 2.1m (6.9”) above floor
7-3 (g) NW corner gap of the SBR 1.8m (5.9”) above floor

7-4 (9) NW corner gap of the SBR 1.5m (4.9”) above floor
7-5 (9) NW corner gap of the SBR 1.2m (3.9”) above floor

7-6 (g) NW corner gap of the SBR 0.9m (3”) above floor

7-7 (g) NW corner gap of the SBR 0.6m (2”) above floor

7-8 (g) NW corner gap of the SBR 0.3m (1”) above floor
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C.1.8 SBR Space Above Ceiling

Figure C.15 shows the thermocouples that were located in the space above the SBR

ceiling.
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I

Figure C.15. SBR above ceiling space
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Figure C.16 shows the temperatures in the space of the SBR above the ceiling. These

thermocouple locations were listed in details in Table C.8.

SBR Above Ceiling Space
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Figure C.16. SBR above ceiling space temperatures

Table C.8. Above SBR ceiling TC list

8-1 (s) above ceiling of N wall, 1.5m (4.9) from E wall
8-2 (s) above ceiling of N wall, 0.9m (3’) from E wall

8-3 (s) above ceiling of NE corner of the SBR

8-4 (g) above ceiling of NE corner of the SBR

8-5 (s) above ceiling of E wall, 0.6m (2”) from N wall

8-6 (s) above ceiling of E wall, 1.4m (4.6”) from N wall
8-7 (s) above ceiling of E wall, 2.6m (8.5”) from N wall
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C.1.9 South Wall of SBR

Figure C.17 shows the thermocouples that were located on the south wall of the SBR.

Figure C.17. TC on south wall of SBR
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Figure C.18 shows the temperatures in the gaps formed on the south wall of the SBR.

These thermocouple locations are listed in details in Table C.9.

South Wall of SBR
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Figure C.18. Temperatures in the gaps of the south wall of SBR

Table C.9. S wall of SBR TC list

8-8 (9) gap on Swall, 1.12m (3.7°) from SW corner, 2.24 (7.3”) above floor

9-1 (9) gap on Swall, 1.12m (3.7°) from SW corner, 1.84m (6°) above floor

9-2 (9) gap on Swall, 1.12m (3.7°) from SW corner 1.16 (3.8”) above floor

9-3 (9) gap on Swall, 1.12m (3.7°) from SW corner, 0.74 (2.4”) above floor

9-4 (g9) S wall firestop on opening, 0.99m (3.2”) from SW corner, 0.8m (2.6°)
above floor

9-5 (9) S wall firestop on opening, 0.83m (2.7°) from SW corner, 0.81m (2.7°)
above floor

9-6 (g9) E wall to slab firestop gap, 0.19m (0.6”) from SE corner

9-7 (9) SE corner of SBR, 1.68m (5.5°) above floor
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C.1.10 North Exterior Wall of Building

Figure C.19 shows the thermocouples that were placed on the north exterior balloon
frame of the building.
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Figure C.19. TC on N balloon frame of building

Figure C.20 shows the north exterior balloon framing temperatures of the building. These

thermocouple locations are listed in details in Table C.10.

North Exterior Balloon Framing of Building
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Figure C.20. Temperatures of the north exterior balloon framing of the building

Table C.10. N balloon frame of building TC list
1-1 (g) NE Balloon Framing from LBR
1-2 (g) NW balloon framing from LBR
1-3 (g) Balloon framing from SBR
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C.1.11 Active Fire Systems Activation Analysis

Figure C.21 shows the temperatures of the fire door and the SBR sprinkler. The SBR
sprinkler activated at 66 seconds at 109C (228F). The thermocouple locations are listed in
Table C.11.
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Figure C.21. Temperatures of fire door and SBR sprinkler

Table C.11. Fire door and SBR sprinkler TC list
4-6 (s) Fusible link of fire door, 1.5m (4.9°) from N wall, 0.24m (0.8) below
ceiling
4-7 (s) sprinkler head fusible link in the LBR, 1.3m (4.3’) from N wall, 1.8m
(5.9%) from E wall, 2.8m (9.2”) above floor (NO DATA, TC Malfunctioned)
4-8 (s) sprinkler head fusible link in the SBR, 1.3m (4.3”) from N wall 1.4m (4.6°)
from W wall, 2.8m (9.2”) above floor
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C.2 SBRFIRE TEST TEMPERATURES
C.2.1 Thermocouple Trees

Figure C.22 shows the TC trees that were placed in the LBR and the SBR. Figure C.23
shows the TC trees that were placed above the ceiling of the LBR and SBR.

Figure C.22. TC Trees in the SBR and LBR
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Figure C.23. TC trees above ceiling of LBR and SBR
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Figure C.24 shows the temperatures recorded by the thermocouple trees in the SBR and
space above the SBR ceiling. The thermocouple location details are listed in Table C.12.

SBR TC Trees
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Figure C.24. SBR and space above SBR ceiling temperatures
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Table C.12. SBR TC trees list

10-1

10-2

10-3

10-4

10-5

10-6

10-7

10-8

11-1

11-2

TC tree below ceiling of LBR starting with 11-2 starting on the floor slab and
increasing by 0.3m (1ft) increments to 10-1 on top at 2.7m (8.9ft)

11-3

11-4

11-5

11-6

11-7

TC tree hanging from 4™ floor slab above ceiling of LBR starting with 11-7
right above ceiling and increasing in 0.3m (1ft) increments to 11-3 being on
top
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Figure C.25 shows the temperatures recorded by the thermocouple trees in the LBR and

space above the LBR ceiling. The thermocouple location details are listed in Table C.13.

LBR TC Trees
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Figure C.25. LBR and space above LBR ceiling temperatures

Table C.13. LBR TC trees list

5-1

5-2

5-4

5-5

5-7

5-8

6-2

TC tree below ceiling of LBR starting with 6-2 starting on the floor slab and
increasing by 0.3m (1ft) increments to 5-1 on top at 2.7m (8.9ft)

6-3

6-5

6-6

TC tree hanging from 4" floor slab above ceiling of LBR starting with 6-7
right above ceiling and increasing in 0.3m (1ft) increments to 6-3 being on top
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C.2.2 SBR Above Ceiling Space

Figure C.26 shows the thermocouples that were located in the space above the SBR

ceiling.

LBR

7

Figure C.26. SBR above ceiling space

396



APPENDIX C. FIRE TEST RESULTS

Figure C.27 shows the temperatures in the space of the SBR above the ceiling. These
thermocouple locations were listed in details in Table C.14.

SBR Above Ceiling

Figure C.27. SBR above ceiling space temperatures

Table C.14. Above SBR ceiling TC list

8-1 (s) above ceiling of N wall, 1.5m (4.9°) from E wall
8-2 (s) above ceiling of N wall, 0.9m (3’) from E wall

8-3 (s) above ceiling of NE corner of the SBR

8-4 (g) above ceiling of NE corner of the SBR

8-5 (s) above ceiling of E wall, 0.6m (2’) from N wall

8-6 (s) above ceiling of E wall, 1.4m (4.6”) from N wall
8-7 (s) above ceiling of E wall, 2.6m (8.5) from N wall
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Gap between Partition wall and north wall of building Figure C.28 shows the

thermocouples that were located in the gap between the partition wall and north wall of
the building.
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Figure C.28. TC in Gap between partition wall and building N wall
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Figure C.29 shows the temperatures in the gap formed between the partition wall and

north wall of the building. These thermocouple locations are listed in Table C.15.
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Figure C.29. Temperatures in the gap between the partition wall and north wall of

building

Table C.15. Gap between partition wall and building N wall TC list

6-8 (9) NW corner gap of the SBR 2.7m (8.9”) above floor
7-1 (g) NW corner gap of the SBR 2.4m (7.9”) above floor
7-2 (g) NW corner gap of the SBR 2.1m (6.9”) above floor
7-3 (g) NW corner gap of the SBR 1.8m (5.9”) above floor
7-4 (9) NW corner gap of the SBR 1.5m (4.9”) above floor
7-5 (9) NW corner gap of the SBR 1.2m (3.9”) above floor
7-6 (g) NW corner gap of the SBR 0.9m (3”) above floor
7-7 (g) NW corner gap of the SBR 0.6m (2”) above floor
7-8 (g) NW corner gap of the SBR 0.3m (1”) above floor
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C.2.3 South Wall of SBR

Figure C.30 shows the thermocouples that were located on the south wall of the SBR.

Figure C.30. TC on S wall of SBR
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Figure C.31 shows the temperatures in the gaps formed on the south wall of the SBR.
These thermocouple locations are listed in details in Table C.16.

South Wall of SBR
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Figure C.31. Temperatures in the gaps of the south wall of SBR

Table C.16. S wall of SBR TC list
8-8 (9) gap on Swall, 1.12m (3.7°) from SW corner, 2.24 (7.3”) above floor
9-1 (9) gap on Swall, 1.12m (3.7°) from SW corner, 1.84m (6”) above floor
9-2 (9) gap on Swall, 1.12m (3.7”) from SW corner 1.16 (3.8”) above floor
9-3 (9) gap on Swall, 1.12m (3.7°) from SW corner, 0.74 (2.4”) above floor
9-4 (9) S wall firestop on opening, 0.99m (3.2°) from SW corner, 0.8m (2.6°)
above floor
9-5 (9) S wall firestop on opening, 0.83m (2.7’) from SW corner, 0.81m (2.7°)
above floor
9-6 (9) E wall to slab firestop gap, 0.19m (0.6°) from SE corner
9-7 (9) SE corner of SBR, 1.68m (5.5”) above floor
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C.24 LBR Column Gap

Figure C.32 shows the thermocouples that were located in the gaps formed between the
north column and west and north walls of the LBR and the thermocouples that were

located in the cracks formed on the south wall of the LBR.
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Figure C.32. TC in the LBR column gaps and south wall cracks
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Figure C.33 shows the temperatures of the thermocouples recorded inside the column

gaps and south wall of LBR cracks. These thermocouple locations are listed in detail in

Table C.17.
LBR N Column Gap
60
55
(AN M
50 — T
. s \ J
45 <
PRk ——= 14
40 S 4
-
S) e - -1-6
a 35 :
= 7 /' \,,_,\* — 17
= 30 .! . A — .18
o5 .v., e 2]
- .J 2-2
20 FEe == e== 2-3
15
10 : : : : : : |
0 100 200 300 400 500 600 700
Time (S)

Figure C.33. LBR column and south wall gap temperatures

Table C.17. LBR column gaps and S wall cracks TC list

1-4 (g) On the SW corner gap of the N column, 0.59m (1.94°) above floor
1-5 (9) On the SW corner gap of the N column, 2.03m (6.66°) above floor
1-6 (g) On the SW corner gap of the N column, 0.1m (0.33’) below ceiling
1-7 (9) SW corner of room, 1.22m (4.00”) above floor (LBR temp)

1-8 (g) SW corner of room, 1.24m (4.07°) above floor (stair landing temp)
2-1 (g) on the NE corner gap of the N column 0.6m (1.97°) above floor
2-2 (9) on the NE corner gap of the N column 2m (6.56”) above floor

2-3 (g) on the NE corner gap of the N column 2.7m (8.86°) above floor
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C.25 LBR Above Ceiling Space

Figure C.34 shows the thermocouples that were placed in the space above the ceiling of
the LBR.

Figure C.34. TCs above LBR ceiling

404



APPENDIX C. FIRE TEST RESULTS

Figure C.35 shows the temperatures recorded by the thermocouples above the LBR
ceiling space. These thermocouple locations are listed in details in Table C.18.

LBR Above Ceiling
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Figure C.35. Space above LBR ceiling temperatures

Table C.18. LBR above ceiling TC list

2-4 (s) on the NW corner diffuser

2-5 (s) on the NW corner diffuser

3-3 (g) above ceiling on SW corner gap of the N column, .32 above ceiling

3-4 (s) above ceiling of the W wall, 0.13m (0.43’) from N column

3-5 (s) above ceiling of the W wall, 1.5m (4.92”) from S wall

3-6 (s) above ceiling of the W wall, 0.1m (0.3”) from S wall

3-7 (s) above ceiling of the N wall, 0.3m (1) from N column

3-8 (s) above ceiling of the N wall, 0.7m (2.3’) from N column
4-1 (s) above ceiling of the N wall, 1.2m (3.9”) from N column
4-2 (s) above ceiling of the N wall, 2.4m (7.9”) from N column
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C.2.6 Firestops Above LBR Ceiling

Figure C.36 shows the thermocouples that were placed on the firestops in the LBR above

the ceiling.
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Figure C.36. TCs on LBR firestops above ceiling
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Figure C.37 shows the temperatures of the firestops above the LBR ceiling space. These

thermocouple locations are listed in Table C.19.

LBR Above Ceiling Firestop
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Figure C.37. Firestop temperatures above the LBR ceiling

Table C.19. LBR firestops above ceiling TC list

2-6 (s) above ceiling on firestop, 0.19m (0.6°) from N column, 0.37m (1.2”) below
4th floor slab

2-7 (s) above ceiling on firestop, 0.52m (1.7°) from N column,0.42m (1.4°) below
4th floor slab

2-8 (s) above ceiling on firestop, 1.6m (5.2°) from S wall, 0.87m (2.9”) below 4th

floor slab

3-1 (s) above ceiling on firestop, 1.4m (4.6°) from S wall, 0.45m (1.5”) below 4th
floor slab

3-2 (s) above ceiling on firestop, 0.65m (2.1”) from S wall, 0.1m (0.3”) below 4th
floor slab

4-3 (9) above ceiling, SE corner of the W lighting, 2.7m (8.9”) from N wall, 1.4m
(4.6%) from W wall
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C.2.7 Active Fire Systems in the LBR and SBR

Figure C.38 shows the thermocouples that were located on the fire protection systems in
the LBR and SBR areas.

Figure C.38. TC on LBR and SBR fire systems

408



APPENDIX C. FIRE TEST RESULTS

Figure C.39 shows the temperatures recorded of the fire protection systems in the LBR

and SBR. These thermocouple locations are listed in details in Table C.20.

LBR and SBR Fire Systems
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Figure C.39. Temperatures of fire systems in the LBR and SBR
Table C.20. LBR and SBR fire systems TC list
4-4 (9) south part of fire door frame, 1.88m (6.2”) above floor
4-5 (9) south part of fire door frame, 0.3m (1”) above floor
4-6 (s) Fusible link of fire door, 1.5m (4.9°) from N wall, 0.24m (0.8) below
ceiling
4-7 (s) sprinkler head fusible link in the LBR, 1.3m (4.3’) from N wall, 1.8m
(5.9%) from E wall, 2.8m (9.2”) above floor
4-8 (s) sprinkler head fusible link in the SBR, 1.3m (4.3”) from N wall 1.4m (4.6”)
from W wall, 2.8m (9.2”) above floor
12-1 | (g) W wall of SBR gap above the fire door, 1.6m (5.2”) from N wall
12-2 | Corner of the door frame in the partition wall, 2.1m (6.9”) above floor, 1.1m
(3.6%) from N wall
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C.2.8 North Exterior Wall of Building

Figure C.40 shows the thermocouples that were placed on the north exterior balloon

frame of the building.

1-3 1-1 1-2
551 ” LBR
Window Window
b w

Figure C.40. TC on N balloon frame of building

Figure C.41 shows the north exterior balloon framing temperatures of the building. These

thermocouple locations are listed in details in Table C.21.

N Exterior Balloon Frame
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Figure C.41. Temperatures of the north exterior balloon framing of the building

Table C.21. N balloon frame of building TC list
1-1 (g) NE Balloon Framing from LBR
1-2 (g9) NW balloon framing from LBR
1-3 (g) Balloon framing from SBR
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C.2.9 Active Fire Systems Activation

Figure C.42 shows the temperature of the SBR sprinkler. The graph indicates the SBR
sprinkler activated at 21 seconds at 100C (212F). Although thermocouple 4-7
malfunctioned, post fire test visual inspection revealed the LBR sprinkler did not activate.

The thermocouple location is listed in detail in Table C.22.
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Figure C.42. SBR sprinkler temperatures

Table C.22. SBR and LBR sprinkler TC list
4-7 (s) sprinkler head fusible link in the LBR, 1.3m (4.3’) from N wall, 1.8m
(5.9”) from E wall, 2.8m (9.2”) above floor (NO DATA, TC Malfunctioned)
4-8 (s) sprinkler head fusible link in the SBR, 1.3m (4.3”) from N wall 1.4m (4.6°)
from W wall, 2.8m (9.2”) above floor
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C.3 LBRFIRE TEST 2 TEMPERATURES
C.3.1 LBR Thermocouple Tree

Figure C.43 shows the thermocouple tree located inside the LBR and Figure C.44 shows
the thermocouple tree located above the SBR and LBR ceiling.

Figure C.43. TC tree in LBR
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Figure C.44. TC trees above LBR and SBR ceiling
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Figure C.45 shows the temperature data in the LBR and the space above the LBR ceiling
space. Figure C.46 shows the temperature data in the space above the SBR ceiling space.
Table C.23 lists the locations of the LBR thermocouple tree and Table C.24 lists the
locations of the thermocouple trees above the LBR and SBR ceiling space.

LBR and LBR Above Ceiling
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Figure C.45. LBR and LBR above ceiling TC tree temperatures
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SBR Above Ceiling TC Tree
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Figure C.46. SBR above ceiling TC tree temperatures
Table C.23. LBR TC tree list
7-1
7-2
7-3
;g TC tree below ceiling of LBR starting with 8-2 starting on the floor slab and
76 increasing by 0.3m (1ft) increments to 7-1 on top at 2.7m (8.9ft)
7-7
7-8
8-1
8-2
Table C.24. LBR and SBR above ceiling TC trees list
6-3
gg TC tree hanging from 4™ floor slab above ceiling of LBR starting with 6-7
6.6 right above ceiling and increasing in 0.3m (1ft) increments to 6-3 being on top
6-7
8-4
gg TC tree hanging from 4™ floor slab above ceiling of SBR starting with 8-8
87 right above ceiling and increasing in 0.3m (1ft) increments to 8-4 being on top
8-8
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C.3.2 LBR Column Gap and South Wall of LBR Gap

Figure C.47 shows the thermocouples that were located in the gaps formed between the

north column and west and north walls of the LBR and the thermocouples that were

located in the cracks formed on the south wall of the LBR.
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Figure C.48 shows the temperatures of the LBR column and south wall gaps. These

thermocouple locations are shown in Table C.25.

LBR Column and South Wall Gaps
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Figure C.48. LBR column gap temperatures

Table C.25. LBR column and SW corner of LBR gaps TC list

1-4 (9) On the SW corner gap of the N column, 0.59m (1.9) above floor

1-5 (g) On the SW corner gap of the N column, 2.03m (6.7”) above floor

1-6 (g) On the SW corner gap of the N column, 0.1m (03) below ceiling

1-7 (g) SW corner of room, 1.22m (4°) above floor, (LBR temp)

1-8 (9) SW corner of room, 1.24m (4.1°) above floor (stair landing temp)

2-1 (g) on the NE corner gap of the N column 0.6m (2°) above floor

2-2 (g) on the NE corner gap of the N column 2m (6.6°) above floor

2-3 (9) on the NE corner gap of the N column 2.7m (8.9”) above floor
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C.3.3 LBR Above Ceiling

Figure C.49 shows the thermocouples located in the space above the LBR ceiling.

Figure C.49. TC above LBR ceiling
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Figure C.50 shows the temperatures above the ceiling space of the LBR. These
thermocouple locations are listed in details in Table C.26.

LBR Above Ceiling
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Figure C.50. LBR above ceiling temperatures

Table C.26. Above LBR ceiling TC list
1-3 (g) above ceiling, SE corner of the W lighting, 2.7m (8.9’) from N wall, 1.4m
(4.6%) from W wall
2-4 (s) on the NW corner diffuser
2-5 (s) on the NW corner diffuser
3-3 (g) above ceiling on SW corner gap of the N column, 0.32m (1.1") above
ceiling
3-4 (s) above ceiling of the W wall, 0.13m (0.4’) from N column
3-5 (s) above ceiling of the W wall, 1.5m (4.9”) from S wall
3-6 (s) above ceiling of the W wall, 0.1m (0.3) from S wall
3-7 (s) above ceiling of the N wall, 0.3m (1”) from N column
3-8 (s) above ceiling of the N wall, 0.7m (2.3”) from N column
6-1 (s) above ceiling of the N wall, 1.2m (3.9°) from N column

6-2 (s) above ceiling of the N wall, 2.4m (7.9”) from N column
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C.3.4 Firestop Above LBR Ceiling

Figure C.51 shows the thermocouples located on the firestops above the LBR ceiling.

Figure C.51. TC on LBR firestops above ceiling
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Figure C.52 shows the temperatures of the firestops above the LBR ceiling. These
thermocouple locations are listed in details in Table C.27.

LBR Firestops Above the Ceiling
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Figure C.52. LBR firestops above the ceiling temperatures

Table C.27. LBR firestops above ceiling TC list

2-6 (s) above ceiling on firestop, 0.19m (0.6”) from N column, 0.37m (1.2’) below
4th floor slab

2-7 (s) above ceiling on firestop, 0.52m (1.7°) from N column, 0.42m (1.4°) below
4th floor slab

2-8 (s) above ceiling on firestop, 1.6m (5.2°) from S wall 0.87m (2.9”) below 4th

floor slab

3-1 (s) above ceiling on firestop, 1.4m (4.6”) from S wall, 0.45m (1.5”) below 4th
floor slab

3-2 (s) above ceiling on firestop, 0.65m (2.1°) from S wall, 0.1m (0.3”) below 4th
floor slab
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C.3.5 Partition Wall Gap

Figure C.53 shows the thermocouples located in the gap formed between the partition
wall and the north wall of the building.
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Figure C.53. TC in gap between partition wall and N wall of building
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Figure C.54 shows the thermocouple temperatures in the gap between the partition wall
and the north wall of the building. These thermocouple locations are listed in details in
Table C.28.
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Figure C.54. Partition wall gap temperatures

Table C.28. Gap between LBR and N wall of building TC list

4-1 (g) NW corner gap of the SBR 2.7m (8.9”) above floor
4-2 (g) NW corner gap of the SBR 2.4m (7.9”) above floor
4-3 (g) NW corner gap of the SBR 2.1m (6.9”) above floor
4-4 (g) NW corner gap of the SBR 1.8m (5.9”) above floor
4-5 (g) NW corner gap of the SBR 1.5m (4.9”) above floor
4-6 (g) NW corner gap of the SBR 1.2m (3.9”) above floor
4-7 (g) NW corner gap of the SBR 0.9m (3”) above floor

4-8 (g) NW corner gap of the SBR 0.6m (2’) above floor

5-1 (g) NW corner gap of the SBR 0.3m (1) above floor
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C.3.6 Active Fire Systems

Figure C.55 shows the thermocouples located on the active fire protection systems in the
LBR and SBR.

Figure C.55. TC on LBR and SBR fire systems
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Figure C.56 shows the temperature data of the active fire protection systems in the LBR
and SBR. These thermocouple locations are listed in details in Table C.29.

Active Fire Systems in the LBR and SBR
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Figure C.56. Temperatures of the active fire systems in the LBR and SBR

Table C.29. LBR and SBR fire system TC list
5-2 (9) south part of fire door frame, 1.88m (6.2”) above floor
5-3 (g) south part of fire door frame, 0.3m (1”) above floor
5-4 (s) Fusible link of fire door, 1.5m (4.9”) from N wall, 0.24m (0.8°) below
ceiling

5-5 (g) W wall of SBR gap above the fire door, 1.6m (5.2”) from N wall

5-6 Corner of the door frame between the SBR and LBR, 2.1m (6.9”) above floor,
1.1m (3.6°) from N wall

5-7 (s) SBR sprinkler head fusible link 1.3m (4.3”) from N wall, 1.4m (4.6°) from
W wall 2.8m (9.2°) above floor

5-8 (s) LBR sprinkler head fusible link, 1.3m (4.3*) from N wall, 1.8m (5.9”) from
E wall, 2.8m (9.2”) above floor
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C.3.7 South Wall of SBR Gaps

Figure C.57 shows the thermocouples located in the south wall gaps in the SBR.

Figure C.57. TC on S wall of SBR
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Figure C.58 shows the temperature data on the gaps of the south wall of the SBR. These

thermocouple locations are listed in details in Table C.30.
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Figure C.58. SBR south wall gap temperatures
Table C.30. S wall of SBR TC list
12-1 | (g) gap on S wall, 1.12m (3.7’) from SW corner, 2.24 (7.3) above floor
12-2 | (g) gap on Swall, 1.12m (3.7”) from SW corner, 1.84m (6°) above floor
12-3 | (g) gap on S wall, 1.12m (3.7’) from SW corner 1.16 (3.8”) above floor
12-4 | (g) gap on S wall, 1.12m (3.7’) from SW corner, 0.74 (2.4”) above floor
12-5 | (g) S wall firestop on opening, 0.99m (3.2”) from SW corner, 0.8m (2.6°)
above floor
12-6 | (g) S wall firestop on opening, 0.83m (2.7’) from SW corner, 0.81m (2.7")
above floor
12-7 | (g) E wall to slab firestop gap, 0.19m (0.6°) from SE corner
12-8 | (g) SE corner of SBR, 1.68m (5.5’) above floor
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C.3.8 Exterior Gas Temperatures

Figure C.59 shows the thermocouples located on the north exterior balloon frame and a
thermocouple tree sticking out of the LBR window.

1-1 1-2

p E

Figure C.59. TC on N wall balloon frame and TC tree hanging out on west of LBR
window
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Figure C.60 shows the temperature data on the exterior north balloon frame and the

temperature of the hot gases leaving the LBR window. The thermocouple locations are
listed in details in Table C.31.
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Figure C.60. Exterior gas temperatures

Table C.31. List of N wall balloon frame TC and TC tree hanging out on west of

LBR window

1-1

(g) NE Balloon Framing from LBR

1-2

(g) NW balloon framing from LBR

9-1

9-2

9-3

9-4

9-5

9-6

9-7

9-8

10-1

0.25m (10in) from the W side of LBR window frame, spaced 0.3m (1ft)
vertically and horizontally
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Figure C.61 shows the thermocouples located on the north exterior balloon frame and a

thermocouple tree sticking out of the LBR window.
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Figure C.61. TC tree hanging out on east of LBR window
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Figure C.62 shows the temperature data of the temperature of the hot gases leaving the

LBR window. The thermocouple locations are listed in details in Table C.32.
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Figure C.62. TC tree out of LBR window temperatures

Table C.32. TC tree hanging out of east side of LBR window TC list

10-2
10-3
10-4
10-5
10-6
10-7
10-8
11-1
11-2

0.33m (13in) from the E side of LBR window frame, spaced 0.3m (1ft)
vertically and horizontally
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C.3.9 Fire Damper

Figure C.62 shows the thermocouples located in the HVAC duct behind the fire dampers.
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LBR SBR
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Figure C.63. TC on HVAC duct dampers
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Figure C.64 shows the temperature data of the HVAC ducts right behind the fire dampers.
These thermocouple locations are listed with details in Table C.33.

Fire Dampers
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Figure C.64. HVAC duct temperatures behind the fire dampers

Table C.33. HVAC duct dampers TC list
11-5 | Damper in the stairwell landing area
11-6 | Damper in elevator shaft area
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C.3.10 Active Fire Systems Activation

Figure C.65 shows the temperature of the fire door and SBR and LBR sprinklers.. The
LBR sprinkler activated after 28 seconds at 107C (224F) and the SBR sprinkler activated
after 44 seconds at 59C (138F). The fire door activated after 51 seconds at 163C (325F).
These thermocouple locations are listed with details in Table C.34.
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Figure C.65. Fire door and LBR and SBR sprinkler temperatures
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Table C.34. LBR and SBR fire system TC list

5-2 (9) south part of fire door frame, 1.88m (6.2”) above floor

5-3 (9) south part of fire door frame, 0.3m (1”) above floor

5-4 (s) Fusible link of fire door, 1.5m (4.9”) from N wall, 0.24m (0.8) below
ceiling

5-5 (g) W wall of SBR gap above the fire door, 1.6m (5.2”) from N wall

5-6 Corner of the door frame between the SBR and LBR, 2.1m (6.9”) above floor,
1.1m (3.6”) from N wall

5-7 (s) SBR sprinkler head fusible link 1.3m (4.3”) from N wall, 1.4m (4.6°) from
W wall 2.8m (9.2°) above floor

5-8 (s) LBR sprinkler head fusible link, 1.3m (4.3’) from N wall, 1.8m (5.9) from

E wall, 2.8m (9.2”) above floor
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C.4 ESFIRE TEST TEMPERATURES
C.4.1 TC Trees in the Corridor and LBR Above Ceiling

Figure C.66 shows the thermocouple trees located in the corridor and space above the
LBR ceiling.
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Figure C.66. TC trees in corridor and above LBR ceiling
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Figure C.67 shows the temperature of the TC tree thermocouples located in the corridor.
These thermocouple locations are listed with details in Table C.35.

TC Tree in Corridor
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Figure C.67. Thermocouple tree temperatures in the corridor
Table C.35. Corridor and above LBR ceiling TC trees list
9-5
9-6
9-8
11-6
11-7

12-1 | TC tree below 4™ floor slab in corridor starting with 12-8 on bottom. 0.3m

12-2 | (1ft) above 3" floor slab and increasing at 0.3m (1ft) increments to 9-5 on top

12-3 | at 3.9m (12.8ft)

12-4

12-5

12-6

12-7

12-8
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Figure C.68 shows the temperature of the TC tree thermocouples located in the space

above the LBR ceiling. These thermocouple locations are listed with details in Table

C.36.
TC Tree Above LBR Ceiling
40
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Figure C.68. LBR above ceiling TC tree temperatures
Table C.36. TC Tree list above LBR ceiling
6-3
6-4 _ h - . .
5T TC tree hanging from 4™ floor slab above ceiling of LBR starting with 6-7
5 right above ceiling and increasing in 0.3m (1ft) increments to 6-3 being on top
6-7
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C.4.2 LBR Above Ceiling

Figure C.69 shows the thermocouples that were located in the space above the LBR

ceiling.

Figure C.69. TC above LBR ceiling
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Figure C.70 shows the temperatures of the space above the LBR ceiling. These

thermocouple locations are listed with details in Table C.37.

LBR Space Above Ceiling
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Figure C.70. LBR space above the ceiling temperatures

Table C.37. Above LBR ceiling TC list
1-3 (g) above ceiling, SE corner of the W lighting, 2.7m (8.9”) from N wall, 1.4m
(4.6”) from W wall
2-4 (s) on the NW corner diffuser
2-5 (s) on the NW corner diffuser
3-3 (9) above ceiling on SW corner gap of the N column, 0.32 (1”) above ceiling
3-4 (s) above ceiling of the W wall, 0.13m (0.4’) from N column
3-5 (s) above ceiling of the W wall, 1.5m (4.9”) from S wall
3-6 (s) above ceiling of the W wall, 0.1m (0.3) from S wall
3-7 (s) above ceiling of the N wall, 0.3m (1”) from N column
3-8 (s) above ceiling of the N wall, 0.7m (2.3”) from N column

6-1 (s) above ceiling of the N wall, 1.2m (3.9°) from N column

6-2 (s) above ceiling of the N wall, 2.4m (7.9”) from N column
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C.4.3 LBR Column Gap

Figure C.71 shows the thermocouple locations inside the gaps created between the LBR
column and the west and north walls as well as the gaps formed in the south wall of the
LBR.

Figure C.71. TC on LBR SW corner and column gap
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Figure C.72 shows the temperatures in the gaps between the LBR column and west and
north wall of the LBR as well as the gaps formed in the south wall of the LBR. These

thermocouple locations are listed with details in Table C.38.

Column and South Wall Gap Temperatures
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Figure C.72. LBR Column and south wall gap temperatures

Table C.38. LBR SW corner and column gap TC list
1-4 (9) On the SW corner gap of the N column, 0.59m (1.9) above floor
1-5 (g) On the SW corner gap of the N column, 2.03m (6.7”) above floor
1-6 (g) On the SW corner gap of the N column, 0.1m (0.3) below ceiling
1-7 (g) SW corner of room, 1.22m (4°) above floor, (LBR temp)

1-8 (9) SW corner of room, 1.24m (4.1°) above floor (stair landing temp)

2-1 (9) on the NE corner gap of the N column 0.6m (2°) above floor

2-2 (g) on the NE corner gap of the N column 2m (6.6°) above floor

2-3 (9) on the NE corner gap of the N column 2.7m (8.9”) above floor
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C.4.4 LBR/Corridor Firestops
Figure C.73 shows the thermocouples that were placed on both sides of the firestops

above the LBR ceiling.
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Figure C.73. TC on both sides of firestops above LBR ceiling
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Figure C.74 shows the firestop temperatures on both sides. These thermocouple locations
are listed with details in Table C.39.

LBR Firestop Above Ceiling
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Figure C.74. Firestop temperatures on both sides
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Table C.39. LBR above ceiling firestops TC list

2-6 (s) above ceiling on firestop, 0.19m (0.6°) from N column, 0.37m (1.2°)
( below 4th floor slab

2-7 (s) above ceiling on firestop, 0.52m (1.7°) from N column 0.42m (1.4”) below
4th floor slab

2-8 (s) above ceiling on firestop, 1.6m (5.2”) from S wall 0.87m (2.9”) below 4th
floor slab

3-1 (s) above ceiling on firestop, 1.4m (4.6”) from S wall 0.45m (1.5”) below 4th
floor slab

3-2 (s) above ceiling on firestop, 0.65m (2.1°) from S wall 0.1m (0.3”) below 4th
floor slab

4-1 (s) firestop on E wall of corridor, 3.4m (11.1") above floor 0.6m (2°) from N
wall of building

4- (s) firestop on E wall of corridor, 3.4m (11.1") above floor 1.1m (3.6°) from N
wall of building

4-3 (s) firestop on E wall of corridor, 0.86m (2.8°) below 4™ floor slab, 1.05m
(3.4”) from corridor S wall

4-4 (s) firestop on E wall of corridor, 0.38m (1.2°) below 4™ floor slab, 0.9m (3°)
from S wall of corridor

45 (s) firestop on E wall of corridor, 0.06m (0.2°) below 4™ floor slab, 0.06m

(0.2”) from S wall of corridor
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C.4.6 Corridor Firestops and North of Elevator Shaft

Figure C.75 shows the thermocouples located on the firestops on the south wall of the

corridor and on the space on the north wall of the elevator shaft and north wall of the

building.
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Figure C.75. TC on S wall of corridor firestops
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Figure C.76 shows the corridor firestops and north of elevator shaft temperatures. These

thermocouple locations are listed with details in Table C.40.
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Figure C.76. Corridor firestops and north of elevator shaft temperatures

Table C.40. S wall of corridor firestops and north of elevator shaft TC list

(s) firestop on S wall of corridor, .05m (0.2°) below 4™ floor slab, 0.66m (2.2°)

4-6 )
from E wall of corridor

47 (s) firestop on S wall of corridor, 0.3m (1°) below 4™ floor slab, 0.6m (2°)
from E wall of corridor

4-8 (s) firestop on S wall of corridor, 0.09m (0.3’) below 4™ floor slab, 0.48m
(1.6”) from E wall of corridor

5-1 (9) N wall of shaft, 4.1m (13.4°) above floor, 0.8m (2.6”) from E wall of shaft

5-2 (9) N wall of shaft, 4.1m (13.4°) above floor, 2.1m (6.9”) from E wall of shaft

5.3 (9) N wall of building, 2.5m (8.2”) above floor, 1.8m (5.9”) from NW corner
column of building

5.4 (9) N wall of building, 4.2m (13.8”) above floor/1.8m from NW corner column
of building

5.5 (9) N wall of building, 4.2m (13.8) above floor, 2.8m (9.2°) from NW corner

column of building
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C.4.7 4" Floor North of Elevator Shaft

Figure C.77 shows the thermocouple locations on the north of the elevator shaft on the 4™

floor.
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Figure C.77. TC on 4th floor firestops N of shaft
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Figure C.78 shows the 4™ floor north of elevator shaft temperatures. These thermocouple
locations are listed with details in Table C.41.

4th Floor North of Elevator Shaft
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Figure C.78. 4" floor north of elevator shaft temperatures

Table C.41. 4th floor firestops N of shaft TC list

7-1 | (g) Inside shaft from NE corner of shaft on 4™ floor slab level

7-2 (s) N wall of shaft openings/firestop, 0.33m (1.1”) from E wall of shaft

7-3 (s) N wall of shaft openings/firestop, 0.57m (1.9”) from E wall of shaft

7-4 (s) N wall of shaft openings/firestop, 1.05m (3.4’) from E wall of shaft

7-5 (s) N wall of shaft openings/firestop, 1.40m (4.6”) from E wall of shaft

7-6 (s) N wall of shaft openings/firestop, 1.60m (5.2”) from E wall of shaft

7-7 (9) N wall of shaft openings/firestop, 2.1m (6.9’) from E wall of shaft

7.8 (s) concrete slab temperature, 1.87m (6.1°) from N wall of building, 0.62m
(2°) from E wall of elevator shaft, east side of the space around elevator shaft
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C.4.9 4" Floor West of Elevator Shaft

Figure C.79 shows the thermocouples that were placed on the 4™ floor vents and west of

the elevator shaft.
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Figure C.79. TC on 4th floor vents and W of shaft firestops
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Figure C.80 shows the temperatures of the vents and firestops in the 4" floor west of the
shaft. These thermocouple locations are listed with details in Table C.42.

4th Floor West of Shaft and Vents
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Figure C.80. 4™ floor west of shaft and vents temperatures
Table C.42. 4th floor vents and W of shaft firestops TC list
8-1 (9) S vent on 4™ floor west of elevator shaft, 5m (16.4°) from N wall of
building
8-2 (9) N vent on 4™ floor west of elevator shaft, 4.2m (13.8°) from N wall of
building
8-3 (s) concrete slab temp of west side of elevator shaft
8-4 () sprinkler pipe
8-5 (s) sprinkler pipe firestop gap
(s) mineral wool on 4™ opening from NW corner of building, 2.3m (7.5)
8-6 o
from N wall of building
(s) Mineral wool on 3™ opening from NW corner of building, 1.8m (5.9°)
8-7 -
from N wall of building
8-8 (s) firestop on 3™ opening from NW corner of building, 1.5m (4.9°) from N
wall of building
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C.4.11 Exterior Gas Temperatures

Figure C.81 shows the thermocouples that were located on the north and west exterior
balloon frames.
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Figure C.81. TC on N and W exterior balloon framing walls
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Figure C.82 shows the temperatures of the north and west exterior balloon frames. These

thermocouple locations are listed with details in Table C.43.

North and West Exterior Balloon Frame
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Figure C.82. North and west exterior balloon frame temperatures
Table C.43. N and W exterior balloon framing TC list
1-1 (g) NE Balloon Framing from LBR
1-2 (9) NW balloon framing from LBR
9-1 (g) W side of N wall of building
9-2 (9) E side of N wall of building
9-3 (9) S side of W wall of building
9-4 (g) N side of W wall of building
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C.4.12 Inside the Elevator Shaft

Figure C.83 shows the thermocouple tree located inside the elevator shaft.
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Figure C.83. TC inside elevator shaft from 5th to 3rd floor
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Figure C.84 shows the temperature inside the elevator shaft from the 3" floor up. These
thermocouple locations are listed with details in Table C.44.

TC Tree Inside the Elevator Shaft
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Figure C.84. Temperature inside the elevator shaft
Table C.44. Inside elevator shaft from 5th to 3rd floor TC list
10-1
10-2
10-3
10-4
10-5
10-6 TC tree inside elevator shaft hanging down from the roof with 10-1 being
10-7 0.25m (10in) below the roof and decreasing at 0.9m (3ft) increments ending
10-8 with 11-5 being 0.66m (2.2ft) above the 3" floor slab
11-1
11-2
11-3
11-4
11-5
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C.5 EL-1FIRE TEST TEMPERATURES

C.5.1 TC Treesin the EL

Figure C.85 shows the two thermocouple trees placed in the EL area.
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Figure C.85. TC trees in EL
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Figure C.86 shows the temperature in front of the elevator door. These thermocouple
locations are listed with details in Table C.45.

TC Tree in Front of the Elevator Door
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Figure C.86. Temperature in front of the elevator door

Table C.45. Front of elevator door TC tree list

3-8

4-1

13 TC tree in front of shaft door below ceiling of EL starting with 4-8 starting

24 on the floor slab and increasing by 0.3m (1ft) increments to 3-7 on top at

it 2.7m (8.9ft)

4-6

47

4-8
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Figure C.87 shows the temperature of the SW corner of the EL. These thermocouple

locations are listed with details in Table C.46.

TC Tree in the SW Corner of the EL
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Figure C.87. Temperature in the SW corner of the EL
Table C.46. SW corner of EL TC tree list
9-1
9-2
9-3
9-4 TC tree in SW corner of EL below ceiling, starting with 10-2 starting on the
9-5 floor slab and increasing by 0.3m (1ft) increments to 9-1 on top at 2.7m
9-6 (8.9ft)
9-7
9-8
10-1
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C.5.2 TC Trees Above the EL Ceiling

Figure C.88 shows the two thermocouple trees located above the ceiling of the EL. One

thermocouple tree was located on the NW corner and the other was located on the SE

corner.
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Figure C.88. TC trees above EL ceiling
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Figure C.89 shows the SE corner temperature above the EL ceiling. These thermocouple

locations are listed with details in Table C.47.

TC Tree in SE Corner Above EL Ceiling
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Figure C.89. Temperature of the SE corner space above the EL ceiling

Table C.47. EL SE corner above ceiling TC tree list

3-1

3-2 TC tree hanging from 4" floor slab above ceiling SE EL starting with 3-5
3-3 right above ceiling and increasing in 0.3m (1ft) increments to 3-1 being on
3-4 top

3-5
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Figure C.90 shows the NW corner temperature above the EL ceiling. These thermocouple
locations are listed with details in Table C.48.

TC Tree in NW Corner Above EL Ceiling
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Figure C.90. Temperature of the NW corner space above the EL ceiling

Table C.48. EL NW corner above ceiling TC tree list

5-1

5-2 TC tree hanging from 4™ floor slab above ceiling NW EL starting with 5-5
5-3 right above ceiling and increasing in 0.3m (1ft) increments to 5-1 being on
5-4 top

5-5
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C.5.4 Inside Elevator Shaft

Figure C.91 shows the thermocouple tree located inside the elevator shaft.
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Figure C.91. TC inside elevator shaft from 5th to 3rd floor
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Figure C.92 shows the temperature inside the elevator shaft from the 3" floor up. These

thermocouple locations are listed with details in Table C.49.

TC Tree Inside the Shaft
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Figure C.92. Inside the shaft temperature
Table C.49. Inside elevator shaft from 5th to 3rd floor TC list

1-1
1-2
1-3
1-4
1-5
1-6 TC tree inside elevator shaft hanging down from the roof with 10-1 being
1-7 0.25m (10in) below the roof and decreasing; at 0.9m (3ft) increments ending
1-8 with 11-5 being 0.66m (2.2ft) above the 3" floor slab
2-1
2-2
2-3
2-4
2-5
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C.5.5 Exterior Gas Temperatures

Figure C.93 shows the thermocouples that were located on the south and west exterior
balloon frames.
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Figure C.93. TC on S and W exterior balloon framing walls
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Figure C.94 shows the temperatures of the north and west exterior balloon frames. These
thermocouple locations are listed with details in Table C.50.

TC on South and West Exterior Balloon Frames

o N~
v ~

Figure C.94. TC on S and W exterior balloon framing walls

Table C.50. S and W exterior balloon framing walls TC list

7-1 Balloon framing south wall East
7-2 Balloon framing south wall west
7-3 Balloon framing west wall south
7-4 Balloon framing west wall north
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C.5.7 HVAC Duct and Vent

Figure C.95 shows the thermocouples that were located in the HVAC duct behind the fire
damper in the 3" floor stair landing and the vent in the 4™ floor.
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Figure C.95. TC in HVAC duct damper and 4th floor vent

466



APPENDIX C. FIRE TEST RESULTS

Figure C.96 shows the HVAC duct and vent temperatures. These thermocouple locations are
listed with details in Table C.51.

HVAC Duct and Vent
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Figure C.96. HVAC duct and vent temperatures

Table C.51. HVAC duct damper and 4th floor vent TC list
12-7 Vent temperature in the fourth floor
12-8 TC in the duct of the stairwell landing
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C.6 EL-2FIRE TEST TEMPERATURES
C.6.1 TC Treesinthe EL

Figure C.97 shows the two thermocouple trees placed in the EL area.
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Figure C.97. TC trees in EL
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Figure C.98 shows the temperature in front of the elevator door. These thermocouple locations
are listed with details in Table C.52.

TC Tree in Front of Elevator Door
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Figure C.98. Temperature in front of the elevator door
Table C.52. Front of elevator door TC tree list
3-7
3-8
4-1
4-2
4-3 TC tree in front of shaft door below ceiling of EL starting with 4-8 starting on the

4-4 floor slab and increasing by 0.3m (1ft) increments to 3-7 on top at 2.7m (8.9ft)

4-6

4-7
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Figure C.99 shows the temperature of the SW corner of the EL. These thermocouple locations
are listed with details in Table C.53.

TC Tree in SW Corner of EL
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Figure C.99. Temperature in the SW corner of the EL
Table C.53. SW corner of EL TC tree list
9-1
9-2
9-3
gg TC tree in SW corner of EL below ceiling, starting with 10-2 starting on the floor
96 slab and increasing by 0.3m (1ft) increments to 9-1 on top at 2.7m (8.9ft)
9-7
9-8
10-1
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C.6.2 TC Trees Above the EL Ceiling

Figure 8.54 shows the two thermocouple trees located above the ceiling of the EL. One

thermocouple tree was located on the NW corner and the other was located on the SE corner.
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Figure C.100. TC trees above EL ceiling
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Figure C.101 shows the SE corner temperature above the EL ceiling. These thermocouple
locations are listed with details in Table C.54.

TC Tree in SE Corner Above EL Ceiling
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Figure C.101. Temperature of the SE corner space above the EL ceiling

Table C.54. EL SE corner above ceiling TC tree list

3-1

3-2 TC tree hanging from 4™ floor slab above ceiling SE EL starting with 3-5 right
3-3 . . L ; h

34 above ceiling and increasing in 0.3m (1ft) increments to 3-1 being on top

3-5
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Figure C.102 shows the NW corner temperature above the EL ceiling. These thermocouple
locations are listed with details in Table C.55.

TC Tree in NW Corner Above EL Ceiling
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Figure C.102. Temperature of the NW corner space above the EL ceiling

Table C.55. EL NW corner above ceiling TC tree list

5-1

gg TC tree hanging from 4™ floor slab above ceiling NW EL starting with 5-5 right
54 above ceiling and increasing in 0.3m (1ft) increments to 5-1 being on top

5-5
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C.6.4 Inside Elevator Shaft

Figure C.103 shows the thermocouple tree located inside the elevator shaft.
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Figure C.103. TC inside elevator shaft from 5th to 3rd floor
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Figure C.104 shows the temperature inside the elevator shaft from the 3™ floor up. These

thermocouple locations are listed with details in Table C.56.

TC Tree Inside Elevator Shaft
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Figure C.104. Inside the shaft temperature

Table C.56. Inside elevator shaft from 5th to 3rd floor TC list

1-2
1-3

1-5
1-6 TC tree inside elevator shaft hanging down from the roof with 10-1 being 0.25m
1-7 (10in) below the roof and decreasing at 0.9m (3ft) increments ending with 11-5
1-8 being 0.66m (2.2ft) above the 3" floor slab

2-1
2-2
2-3
2-4
2-5
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C.6.5 Exterior Gas Temperatures

Figure C.105 shows the thermocouples that were located on the south and west exterior balloon
frames.
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Figure C.105. TC on S and W exterior balloon framing walls
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Figure C.106 shows the temperatures of the north and west exterior balloon frames.
These thermocouple locations are listed with details in Table C.57.

TC on S and W Exterior Ballon Frames
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Figure C.106. TC on S and W exterior balloon framing walls
Table C.57. S and W exterior balloon framing walls TC list
7-1 Balloon framing south wall East
7-2 Balloon framing south wall west
7-3 Balloon framing west wall south
7-4 Balloon framing west wall north
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C.6.6 HVAC Duct and Vent

Figure C.107 shows the thermocouples that were located in the HVAC duct behind the
fire damper in the 3" floor stair landing and the vent in the 4™ floor.
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Figure C.107. TC in HVAC duct damper and 4th floor vent
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Figure C.108 shows the HVAC duct and vent temperatures. These thermocouple
locations are listed with details in Table C.58.

HVAC Duct and Vent
110

0 // A
» / A
o / |
- / | — 127
0 / —12-8
30 /
20 /

10 | | | | | | : : |
0O 100 200 300 400 500 600 700 800 900
Time (S)

Temp (C)

Figure C.108. HVAC duct and vent temperatures

Table C.58. HVAC duct damper and 4th floor vent TC list

12-7 | Vent temperature in the fourth floor

12-8 | TC in the duct of the stairwell landing
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D FIRE RISK MANAGEMENT PLAN

D.1 SAFETY PROTOCOL DURING FIRE TESTS

Safety during fire tests generally follows the site safety protocol including the need for
hard hats, safety glasses and closed-toed boots. In addition, at the request of the UCSD
EH&S Department, no one was allowed to remain in the building during fire tests, and the
San Diego Fire Department (SDFD) was required to be on site. Unlike the seismic motion
tests, there was no alarming system as the pressurization of the pump was not involved.
Therefore, before the fire tests, the fire test operators confirmed that the building was
cleared out, and another safety observer in the ground level blocked any incoming person
to the building at the same time. The readiness of the SDFD was also confirmed. Since the
building was tall, and located in a windy environment, a remote personal communication
device was required to control human flow at the time of ignition. Once accessible route
of evacuation for the fire test operators was ready, the heptane pan fire was ignited by a
designated test operator who wore fire protection jacket and face shield. Before each fire
test, dress rehearsal was performed to make sure that test operators were ready and
preparation of the fire test was completed.

It was confirmed that the SDFD would be present 4 hours per day to ensure the fire
safety. It was planned to begin the fire test around 9 AM each day as test operators could
prepare things not being in a hurry before the fire test, and this timing matched the
schedule of SDFD availability (nominally 9AM — 1PM).

D.2 EMERGENCY CONDITION AND FIRE DEPARTMENT INVOLVEMENT

Since the building was in a damaged state by earthquake motion tests, and various
unknown factors such as wind direction, and humidity were involved, it was very difficult
to predict fire phenomena in advance. In addition, the fire was not directly watched by
nearby fire test operators (i.e., from within the building) at the direction of UCSD EH&S.
To compensate for lack of personnel within the building during testing, the internal
compartment temperatures, and fire test scene were monitored by fire test operators in the

ground level, and for any emergency situations, the SDFD were ready take action as they

480



APPENDIX D. FIRE RISK MANAGEMENT PLAN

deemed appropriate. A request was \made to the SDFD, that if possible, any manual

extinguishments would involve use of a fog nozzle to minimize physical damage to

sensors from a high-pressure hose stream.

Expected phenomena during fire tests were as below.

Light smoke can come out through window openings.

Flame tip can be seen through window openings.

The paper on the surface of the gypsum wall board (GWB) will ignite and burn,
especially within the small burn room.

Minor flame and smoke spread may occur to adjacent compartments in relation to
the damage state of the building.

In the unlikely event of fire spread beyond the compartment of origin, fire department

intervention would be requested:

If there is a severe heptane leak which can be seen via the camera.

If flame spread is observed on the surface of the exterior wall as ignited through
the window openings.

If structural components become weak due to high heat and the exterior balloon
framing is detached from main body of the building

If there is a request from the chief fire test operator based on real-time
observations of the fire test.

D.3 OVERALL PROCEDURE FOR FIRE TESTS

A Ph.D. student at Worcester Polytechnic Institute (WPI), Haejun Park took the lead for

instrumentation, and in running fire tests assigning missions to two Master students at

WPI, AJ Campanella, and Jin Kyung Kim.

1. Check of building status and safety prior to fire testing

a. Checked the building’s structural integrity and for any possible falling
items (conducted by seismic / structural engineers)

b. Confirmed that pressure was bled out from fire sprinkler system on the
third floor

c. Confirmed that electricity was provided to the building

d. Confirmed that no hazardous and combustible fuel gas existed in the
building

2. Preparation of the room of fire test

a. Removed unnecessary fuel items in the room of origin and clean the space
b. Marked and drew necessary information such as ruler in the wall to check
the smoke layer height or the area where care should be taken
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3. Instrumentation
a. Moved necessary equipment and tools to the fire test floor
Located the DAQ system
Installed TCs
Connected DAQ system with TCs
Checked the TC values with DAQ system in operation
Installed video recording system
g. Checked the video recording system’s functionality
4. Preparation of fire tests
a. Prepared the fire test room by closing (or opening) doors
b. Located the heptane and retention pans
c. Brought the proper amount of heptane fuel to the room of origin from the
storage space
d. Had emergency personnel ready in site
5. Initiation of fire tests
a. Followed safety protocol as outlined above (clear building, check FD status)
Started DAQ and ignited the fire
Moved out from the room of the origin and monitor temperatures
Watched for fire to terminate via camera link
Lead fire test operator to reviewed building, with FD personnel at their
discretion
f. Lead fire test operator called ‘all clear’
6. Finishing fire tests
a. Finish the test and let the room be cooled down

-~ Do o0 o

® oo T

Cleaned the fire space and prepared for the next test following the protocol above
D.4 MANAGEMENT OF FIREFIGHTING RUN-OFF WATER
D.4.1 Amount of Water Involved in Tests

An automatic sprinkler system was installed in the building, and was be exposed to
seismic and fire tests. A common sprinkler system was connected to the city water main or
pumps and often times, water damage can become an issue when sprinklers are activated.
For the BNCS project tests, the automatic sprinkler system was charged with water by
either using a pump or city main supply. Once sufficient volume of water was charged, the
water supply was disconnected from the automatic sprinkler system. As a result, in the
worst case scenarios such as pipe rupture, the amount of water released would be limited

to only the amount stored in the sprinkler pipe system. The estimated amount of water was
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calculated by Western Fire Protection, who installed the sprinkler system in the building.
About 15 gallons of water was stored per floor resulting in a total of 75 gallons of water in
the entire building. Therefore, there would have been little or no possibility of water
damage from the automatic sprinkler. In addition, during the fire tests, most the water in

the sprinkler system was drained out just to test sprinkler activation.
D.4.2 Firefighting Method for Heptane Fuel

Heptane was used as a source of fuel in the fire tests. Heptane is considered a flammable
liquid with density of 680kg/m* and immiscible with water. Therefore, water is not
considered to be a good firefighting method for heptane pan fire. In the fire lab at
Worcester Polytechnic Institute, a portable fire extinguisher, not a water based
extinguishment mode, is used to put out a heptane pan fire in emergency conditions,

although water spray is a more commonly used method and works well for most fires.
D.4.3 Firefighting Run-Off Water

The role of fire fighters during the fire tests included emergency management, where any
extinguishing action would be required in cases if the fire became uncontrolled, additional
fuel items would ignite, and the fire grows larger than the designed range of 1.5MW.
Depending on the room size, and opening size, fire size can vary, but the design values
were calculated to prohibit any flashover condition. Assuming that any emergency
condition occurs and fire fighters are involved in firefighting activities, it was
recommended that portable fire extinguisher be used instead of applying large amount of
water.

To prevent water runoff to the concrete pad of the shake table from any emergency
case of fire-fighting, a water containment dike material shown in Figure D.1 was installed
around the building site. Figure D.2 shows the site including the shake table and the
concrete pad and a layout of the dike installation plan. The dike, 208 feet in length and
2.25 inches in height, had the capacity to contain a total area of 1,665 feet squared and a
volume of 2,333 gallons of water. In addition, separate dike containment was installed

around a 2 feet by 2 feet storm drain. A detailed CAD drawing of dike installation plan is
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shown in Figure D.3. These measures ensured that all water runoff was prevented during

the testing period.

Figure D.1. Dike containment (http://www.aztechsupplies.com/items SD__ Spill-
Dikes-Berms.html)

38.9 ft wide by 55 ft long moving steel platen
Area: 971 sqft

,,,,,,,

EEREEE ~~Dike (2.25in high) ~
Length: 208 fi
Area: 2,636 sqft

Containment Area: 2636 - 971 = 1,665 sqft
Containment Volume: 2333 gallons

:
ﬁ

Figure D.2. Dike system layout
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CContaimment Arear 1,665 saft
Cantainient Volume: 2,333 gal
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Figure D.3. Dike system layout
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