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Overview

On the morning of January 28, 1997, in the Lancaster County, Pennsylvania

township of Strasburg, a fire caused the collapse of the state-of-the-art, seven year old Sight

and Sound Theater and resulted in structural damage to most of the connecting buildings.

The theater was a total loss, valued at over $15 million.

The stage area was undergoing renovation and the theater was closed to the public,

however, approximately 200 people, construction staff and employees were in the building

at the time the fire started.  Although the theater was built to conform to a two hour, fire

rated assembly code requirement, many other fire protection features that could have

assisted in saving the structure and reducing the damage were not present.  Further

contributing to the resultant loss, was the failure of the alarm system to notify the fire

dispatch communications center and the lack of an adequate, readily available water supply.

The volunteer fire departments that responded were faced with difficult fire conditions and

tactical challenges for which they had not been adequately trained, and were without the

benefit of adequate pre-planning.  Local fire service suggestions for built-in fire suppression

and smoke ventilation systems during the pre-construction plan review phase were ignored.

While the incident was influenced by many conditions and situations which

contributed to the large fire loss, fortunately there was no loss of life and only six minor

injuries to the construction company staff.  If the 1,400 seat capacity auditorium had been

full, the situation could have been catastrophic.

The lessons learned as a result of this fire and collapse are similar to observations

from comparable incidents in recent history.  The Wolftrap Farm Theater and Pavilion fire

in Fairfax County Virginia in 1988 suffered a total loss in the stage, props, dressing rooms

and storage area.  The pre-construction recommendation for a fire sprinkler system had not

been heeded.  When the facility was rebuilt, it was totally sprinkled.

The McCormick Place exhibition hall fire in Chicago, Illinois in 1967 was a public

assembly occupancy built with fire protected steel construction and no sprinkler system.

“Fortunately the fire started in the early morning hours; the possibility of life loss would
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have been staggering had the fire occurred during the day”.1  This fast burning, high rate of

heat production fire caused complete collapse of the building.  The fire was discovered early

but the alarm was delayed while maintenance personnel tried to control the fire.  The new

(rebuilt) McCormick place has a hydraulically calculated sprinkler system, smoke venting

system in addition to one hour rated fire resistance protection on structural steel.  The

lessons learned here are not new.  These examples are similar in situation and outcome to

the Sight and Sound theater fire.

SUMMARY OF KEY ISSUES

          Issues                                                                  Comments

Fire Origin Welding operations caused the fire.
Sprinkler System Waived The requirement for sprinklers in the high hazard storage area under

the stage was offset for a central alarmed smoke detector system and
2-hour fire walls.

Alarm System Failure The alarm system failed to notify the county fire communications
center and contributed to a delayed response.

Employees Delayed Report
of Fire

The fire was discovered by theater employees who used fire
extinguishers for several minutes before calling 911.

Structural Failure Construction on the stage floor damaged the sprayed-on fire-resistant
coating of steel structural members.  The rapid fire spread caused early
structural failure of the stage floor and contributed to fire extension

Water Supply Eliminated The water supply pond originally intended to provide water for fire
suppression was eliminated to accommodate the addition of a prop
manufacturing building.

Lack of
Compartmentalization

Several additions to the original theater connected the main structure
to the maintenance buildings.  The additional construction increased
the overall size of the complex and compromised the
compartmentalization.  The high hazard storage area was not discretely
separated from the rest of the structure.

Lack for Exterior Fire Streams
Access

Lack of windows prevented exterior fire streams from being effective until
the roof collapsed.

Inadequate Staff Training The theater staff and the fire department had not trained together on
managing a fire emergency in this technically and tactically
challenging complex facility.

Pre-Fire Planning The fire department was not familiar with the new additions and the
increased potential risk to firefighter safety.

Fire Department Tactical
Operations

The initial fire attack was conducted with under-sized handlines,
inadequate for the heavy fuel load in the building.

Lack of Local Fire Code There was no mandate for local government, fire officials, and local
building owners to coordinate to ensure fire safe occupancies.

                                                       
1 Branigan, Building Construction for the Fire Service, pg. 254
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Fire Service Organization

Strasburg, Pennsylvania is an incorporated town located about ten miles southeast

of the City of Lancaster.  The population of Strasburg is approximately 10,000.  The

Strasburg Volunteer Fire Department services the town, the surrounding township, and the

unincorporated areas outside of Strasburg.  The Strasburg Volunteer Fire Department is a

member of the Lancaster County Firemen's Association, which provides fire and rescue

protection throughout Lancaster County.  The Firemen's Association is the agency that

coordinates the response and mutual aid of over 100 individual corporations, also called fire

companies.  The fire departments in Lancaster County are centrally dispatched by the

County Fire Dispatch Center.

All of the fire departments are completely staffed by volunteers except for the City

of Lancaster Fire Department, which is a career department.  Lancaster County volunteer

companies and Lancaster City respond into each other's jurisdictions using automatic

mutual aid.

All fire apparatus is dispatched by the County Fire Dispatch Center, with the closest

unit dispatched first.  Each volunteer fire department determines the number and type of

emergency units needed to respond within their district.  Commercial buildings and public

assembly occupancies are given box alarm assignments including up to four engines plus

units such as aerial ladder trucks, tankers, and rescue squads.  The box alarm for the theater

fire in the Strasburg district called for three engines (Class A pumpers) and two tanker

trucks.  This assignment was established because Strasburg is a rural area without municipal

water services, and tankers are needed to supply water for fire operations.

The County Firemen's Association employs a Fire Coordinator who coordinates the

fire suppression, administration, and fire prevention efforts countywide.  There is also an

Assistant Coordinator who is primarily responsible for fire safety education efforts in the

county.  The Fire Coordinator and staff are primarily responsible to provide day to day

administration of the Firemen’s Association for the Lancaster County fire service.  The Fire

Coordinator does not have any direct operational authority on emergency incidents.

However, the Fire Coordinator assists with incident command and other duties, such as

public information and liaison.
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The Firemen's Association is organized as a confederation of individual departments.

Each department controls the training standards, operating procedures and selection of

operational and administrative officers.  The Firemen's Association implements standard

operating procedures for countywide operations as agreed upon by the members’

consensus.  These countywide procedures include centralized equipment dispatch, radio

communications procedures, and emergency incident command protocols.

The Strasburg Fire Department, like all Lancaster County volunteer fire

departments, is self-supported by fund drives and other fund-raising events, such as

community dinners.  Many of the departments enjoy good community support.  They do not

receive any direct funding from local or state governments, although the state government

provides firefighting training that often is coordinated through the counties.

The Strasburg Fire Department requires completion of the state-certified Firefighter

Essentials Class before members become full-fledged firefighters and are permitted to

handle interior firefighting.  New firefighters without state certification (i.e., junior or

probationary firefighters), are allowed to respond to fires after completing company-level

training on basic hose and ladder procedures.  Junior firefighters without state training are

limited to lower-risk outside duties.  State training is supplemented by periodic company

training sessions, which are the responsibility of the Captain, with oversight from the Chief.

Each company’s membership elects its chief and line officers.  Line officers receive

additional training, such as incident command, from the Firemen's Association.

Fire Building

The fire occurred in a modern legitimate theater complex built specifically for live

stage performances.  This public assembly building had seating for 1,400 and was advertised

as the largest indoor Christian theater in the nation.  The theater specialized in presenting

epic biblical dramas from a 100-foot main stage and two 75-foot side stages that formed a

U-shape front, right and left of the audience seating.  The Sight and Sound Theater

Complex included four buildings constructed at different times that were inter-connected.

This included prop and scenery construction and assembly buildings, prop and costume

storage buildings as well as specific carpentry and electrical shop areas (see Diagram 1).
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The complex also included stand-alone barns for the animals and livestock used in the

performances.

The original stage and auditorium were built in 1990.  The plans were reviewed by

the Pennsylvania State Department of Labor and Industry in accordance with the Fire and

Panic Act originally issued in 1927 and revised in 1984.  The Fire and Panic Act cross

references other state codes, including sections such as safety, fire prevention, egress, stairs,

exit doors and exit access doors, and general fire alarm requirements.

The State Fire and Panic Act is a minimum code.  Local governments are permitted

to adopt stronger fire and building codes.  The State’s code does not incorporate or

reference the model (standard) building, fire or life safety codes.

The theater was built of steel rigid frame construction to allow for the large open

space of the auditorium, unobstructed by columns.  This construction typically employs

columns along the walls that widen at the top and attach to the roof support girders.  The

columns are connected under the floor with turn buckles and steel rods.  This type of

construction requires wind bracing that usually consists of diagonal steel rods and turn

buckles between columns.  The exterior walls had metal panels on the side and rear walls.

There were no windows in the auditorium and only three windows in the rear of the side

stages.  The interior finish in the auditorium was drywall.  The front entrance structure

consisted of brick veneer walls, a gabled metal roof, and palladian windows in a colonial

architecture design.
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The storage area under the stage was accessible at grade level in the rear of the

building.  This room had a 25-foot ceiling with an elevated mezzanine for offices and

dressing rooms accessed by a separate hallway leading from the stage.  The storage area

was accessible through a passage door and an overhead door.  The storage room utilized

the high ceiling space for tall props as well as the lower ceiling space (approximately 12

feet) under the mezzanine.  The main electrical circuit boxes were also located in this area.

The Sight and Sound Theater grew through multi-phased additions.  The first phase

included a prop construction building of rigid steel with a built-in open shaft freight

elevator.  The elevator had 40-foot exterior roll-up doors to facilitate the movement of

props and scenery into and out of the building.  This addition was connected to the main

stage by an elevated hallway approximately 40 feet wide by 40 feet high which did not have

fire doors.  The prop construction building was used to fabricate props and transport them

by elevator through the elevated hallway to the main theater stage (see Diagram 2).

The second phase of construction for the theater complex was the prop assembly

building.  When completed, this addition connected the prop construction building to the

new prop assembly area, and ultimately to the theater.  The prop assembly building was

built using a steel rigid frame and steel clad exterior and roof.
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Exit and Life Safety Features

The auditorium appeared to meet acceptable standards for aisle and seating

configuration and exiting2.  It was equipped with proscenium curtains on the main and side

stages, which are standard life-safety features in this type of building.

The 29 auditorium exits were adequate to quickly evacuate a typical audience, using

a measure of 60 people per exit door per minute.  However, the patrons of this theater tend

to be elderly and more mobility-impaired than “typical” theater-goers.  Had the theater been

occupied, patrons using the eight exits closest to the stage would have had to move toward

the smoke, and the exits on side two near the stage had steps which would have slowed

egress.

Fire Protection Features

The Sight and Sound Theater was built in a rural township without tie-in to the

municipal water supply.  When the theater (Phase I) was built, a drafting pond was

established behind the main building to provide water for fire suppression.  As subsequent

additions to the complex were initiated, the pond was eliminated to free space for new

construction.

The Pennsylvania State Fire and Panic Act requires public assembly buildings with a

capacity greater than 500 people and a storage room of over 100 square feet to have an

automatic sprinkler system.  The owner requested that the State Labor and Industry

Department waive the sprinkler requirement because of the financial hardship caused by

providing a water supply for the sprinkler system.  The owner also argued that the

possibility of accidental sprinkler discharge could cause costly damage to props and

electrical equipment.  The owner offered to provide a centrally-monitored combination

smoke and heat detection alarm system and to increase the fire resistance rating of

structural assemblies in the storage room to two hours, both of which were done.

                                                       
2The property owners would not permit USFA incident investigators inside the building during the site visit.
The safety features below are based on a review of pictures taken at the same time, non-scaled building
plans, and interviews.
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Once the theater was operational, the centrally-monitored smoke detection system in

the stage area was prone to false alarms due to theatrical smoke used on stage.  These

nuisance alarms interfered with stage performances and resulted in unnecessary fire

department responses.  After numerous fire department responses the theater management

replaced the smoke detectors with heat detectors.  The investigation conducted by the

Pennsylvania State Police revealed that the theater management routinely shut off the alarm

system during stage performances to prevent interference from false alarms.  Instead, a fire

watch was maintained using trained theater staff.

The stage storage area, prop assembly building, and prop maintenance building were

protected with a sprayed-on fire resistant coating on all structural steel.  The plans called for

the coating to meet a two-hour fire resistance assembly rating.  The sprayed-on coating,

which was susceptible to damage from the movement of theater equipment, was protected

by attaching plywood coverings on the columns to a height of eight feet.

The walls of the storage area beneath the stage were layered drywall to provide a

two-hour fire protection rating for the mezzanine offices, and sprayed-on fire-resistant

coatings on the structural steel columns and ceiling bar joists supporting the stage floor.

Fire Origin

The theater was scheduled to be closed from January 13th until March 8th, 1997,

and was undergoing renovation work to make the stage floor more rigid.  This involved

removing the existing floor covering to expose the corrugated steel decking, and welding

four foot by eight foot sheets of 1/4" thick steel on top of the decking.  The Pennsylvania

State Police fire investigator who investigated the fire, determined that the fire originated

under the stage in the storage area.  The fire was caused by a construction worker welding

steel plates on the stage floor decking directly above the point of fire origin.  During the

removal of the floor covering, screw holes were exposed which allowed sparks and/or a

molten arc welding rod to fall onto combustible props stored below.

The fire was discovered by two theater employees who went to the storage area for

equipment and saw a stored stage prop on fire at three points: near the top of the prop

almost at ceiling level, at waist level, and at the floor.  All three fires were in a vertical

alignment consistent with the showering of sparks from above.
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The immediate reaction of the theater employees was to use nearby fire

extinguishers to fight the fire.  The first extinguisher was used on the two lowest fires.  Dry

chemical extinguishing agents normally work on ordinary combustibles by smothering the

fire with a layering agent and inhibiting the fire’s chemical chain reaction.  On vertical

surfaces the dry chemical agent may not adhere sufficiently to complete extinguishment.

The powdery agent slides off, allowing re-ignition.  Unable to completely put out the fire,

both employees ran for additional extinguishers.  At approximately the same time the welder

smelled smoke but disregarded it, thinking it was the welding and the hot steel burning the

soles of his boots.  After the smell of smoke persisted, he located the foreman and they went

below the stage to investigate.  The construction employees arrived after the theater

employees had used the second extinguisher.

The theater employees then left to call 911 and notify the other employees to

evacuate the building.  The two construction workers continued the attempt to fight the fire

with portable extinguishers (approximately eight were used) until they realized they could

not control the fire.  They closed the exterior storage room door to limit the air supply, not

knowing that another door from the auditorium to the storage room was blocked open by a

fire extinguisher.

Fire Spread

The two theater employees told the State Police Fire Investigator that when they

first discovered the fire they noticed that the sprayed-on fire proofing had been knocked off

the underside of the stage floor bar joists and support steel.  The fire proofing was hanging

on the wire mesh used to hold the coating to the overhead.  The investigation revealed that

the construction company's removal of the stage floor covering down to the corrugated

decking involved striking the floor hard enough to knock off the sprayed-on protection,

exposing the structural steel and bar-joists in the storage area.

Another contributing factor to the fire spread in the below-stage storage area was

on-going construction to the mezzanine rooms.  Some walls were being changed and

doorway cut-throughs were being added, but fire doors were not yet installed.  This allowed

fire to pass freely through these openings.
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The fire spread vertically from the storage area to the stage, causing the steel to lose

its tensile strength.  Temperatures of 1000° F can cause buckling and temperatures of 1500°

F can cause steel to lose strength and collapse3.  When the heat and hot gases reached the

stage ceiling they extended horizontally into the auditorium, causing the roof to fail all the

way to the lobby fire wall.  The fire also extended horizontally from the stage to the

elevated hallway, causing the structural steel to fail and buckle in the prop assembly and

prop maintenance buildings (see Diagram 3).

Response

The Lancaster County Fire Dispatch Center received a 911 telephone call from one

of the Sight and Sound employees at 9:19 a.m.  The first alarm fire departments were

dispatched for a fire in the building at 9:21 a.m.  The initial assignment consisted of four

engines and a tanker which was altered from the established assignment by the emergency

equipment dispatcher because from the 911 call it was known that this incident was a

working fire.  The dispatcher added an engine to the assignment because the second tanker

response would be delayed.

Since the Strasburg Fire Department had responded to many needless alarms at the

Sight and Sound Theater, the Dispatch Center alerted the responding units that this incident

was not initiated by the alarm system.  Strasburg Volunteer Fire Chief Rick Wentz

immediately requested that a ladder truck be added to the assignment.

The first Strasburg engine to arrive at the theater dropped a 5-inch supply line at

Hartman's Bridge Road and laid out 800 feet of hose up the driveway.  There, theater

employees signaled where to position the engine to access the fire.  The Strasburg engine

set up in the parking lot near the stage on the east side of the building.  There was no fire

visible because of the few windows and openings in the building.

                                                       
3 Branigan pg. 232
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Theater employees advised the officer on the first engine that all employees were out

of the building and were accounted for in the parking lot.  The employees then directed the

firefighters to the storage room where they had discovered the fire.

Fire Response

The Strasburg Chief responded in his vehicle and used it as the command post.

Fourteen volunteer fire departments responded to the Sight and Sound fire

committing the following resources:

25 engines
 4 aerial ladder trucks
22 tankers
 5 rescue squads
 2 air re-fill units
 2 emergency medical units

The specific departments involved were as follows:

• Lampeter
• Bird in Hand
• Paradise
• West Willow
• Lafayette
• New Danville
• Shawnee

• Eden
• Quarryville
• Willow Street
• Ronks
• Lancaster Township
• Witmer

Fireground Organization

Strasburg Chief Wentz arrived immediately after the Strasburg units and called for a

multiple alarm.  He directed units to establish a water supply relay using 5-inch hose laid

from a pond a quarter mile away behind a nursery (visible in aerial view two).  The Chief

ordered the responding ladder trucks to attempt to ventilate the theater roof, and had

additional attack lines advanced into the auditorium near the stage.

The Lancaster County Fire Chiefs Association has adopted a standard operating

procedure for incident command.  The incident command procedure identifies each side of

the building by number and establishes the responsibilities of the incident commander and
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sector officers.  (For additional details see Appendix A.)  Chief Wentz established incident

command at his vehicle and made the following assignments:

COMMAND OFFICER ASSIGNMENT

Chief 4-1 Water supply sector

Deputy Chief 5-4 Side One sector (front of building)

Deputy Chief 6-3 Side Two sector (west side)

Chief 5-5 Side Three sector (rear of building)

Deputy Chief 5-1 Side Four sector (east side)

Public Information Officer functions were assigned to the Lancaster County Fire

Coordinator.

Much of the staffing and resources were directed toward establishing a water

supply.  This required three engines drafting from the pond, with additional engines

pumping in-line to complete the lengthy 5-inch hose relay.  Tankers were also used to

shuttle water to the theater parking lot.

The demand on fire department resources required a third alarm.  Apparatus staging

was managed in the parking lot and a firefighter rehabilitation area was established.

Tactical radio frequencies were assigned to water supply, EMS operations, ladder truck

operations, and general fireground operations.

The firefighters advanced a 1-1/2 inch line with a fog nozzle to the rear of the

building at the storage room passage door.  Firefighters were unable to advance into the

room because the entranceway was blocked by storage props, sets, and other large items.

The firefighters then entered through the overhead door and advanced into thick black

smoke (see Diagram 3.)  They advanced into the storage room but were unable to see the

fire and were reluctant to apply water onto smoke without visible flame.  As the operation

progressed, the initial attack crew in the storage room was relieved by another crew when

their SCBA became depleted.  The crew on the attack line in the auditorium encountered

untenable heat and zero visibility.  Also of concern was a large stationary liquid nitrogen

tank at the outside wall of the storage room.  A hose line was dedicated to keeping the tank

cooled to prevent overheating.
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Once the heat of the fire caused the structural steel to fail in the storage area (aided

by the damage to the sprayed-on fire protection during renovation), interior firefighting

became too hazardous to continue.  The truck crews ventilating the roof noted metal

discoloration and buckling steel.  The sector officer for that area noted exterior heat

discoloration extending in the auditorium and the prop assembly building, and the order

was given to evacuate the building and discontinue interior operations.  As a result, the fire

department adopted defensive tactics and re-positioned units for an exterior attack.  Only

after the roof collapsed and water from exterior streams could reach the fire did the fire

department begin to make progress at extinguishing the blaze.

Defensive Operations

With all fire department personnel evacuated from the buildings, several ladder

trucks were repositioned for ladder pipe operations.  It was estimated that the master

streams on the building were flowing 5,400 gallons per minute at the peak of the fire.

The master streams were not immediately effective because there were very few

building windows or other suitable openings through which to direct the water.  The

theater had exit doors in the auditorium, however, these openings were too low for

effective exterior master stream operations.  Portable master stream devices can not be

operated safely through doorway openings in close proximity to walls that could collapse.

Once the auditorium's roof collapsed, water streams were able to reach the fire.  The fire

was declared under control at 1:02 p.m., approximately 3 1/2 hours after the initial alarm.



17

PHOTOGRAPHS
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Aerial View One – shows the fire in progress after the auditorium roof collapsed. Note the four master streams and the
tanker relay hose lines.
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Aerial View Two – shows the water supply relay established at the off-site fire water pond which is approximately one quarter of a
mile form the theater.  The pumpers at the theater are obscured by smoke.

Three
pumpers
draft
from the
pond

Relay Pumper

Relay Pumpers
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The front of the theater side one shows little damage because the
fire wall between the auditorium and lobby held.

This picture is taken from the front, looking toward side two of
the building, which shows the auditorium roof and side stage
roof collapse.
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Shows the stage floor corrugated decking and the steel plate
renovation in progress. Also shows structural steel failure on the main
stage.

This picture was shot from the direction of the
stage showing the roof and structural steel
failure in the auditorium. The heat level is
indicated by the damage to the seating

Steel Plate
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Shows the failure of the rear stage separation wall between the
mechanical shops.

This is the skeleton of the 40 x 40 foot hallway
which allowed the fire to communicate to the prop
assembly and maintenance buildings.
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Visible here is buckled steel from the
wall and roof of the prop maintenance
building. The heat traveled horizontally
from the stage roof through the 40-foot
hallway to the building.

The combustible fuel load in this
building was relatively low in
comparison to the storage area.  The
once sprayed on fire protection only
remains on the lower portion of the
vertical column.

Remains of spray on
fire protection
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Shows the under stage storage room and point of fire origin.
Visible are buckled columns and the mezzanine level.

Remains of some scenery prop frames which were obstructions
to hose line advancement and locating the fire. Also visible
hanging from the ceiling is the wire mesh used to support the
spray-on fire protection which was damaged during the floor
renovation.

Buckled
Columns
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Analysis

This fire is notable for the breakdown of the systems originally intended to provide

basic fire safety in the Sight and Sound Theater.

In 1989 while the building was in the design process, the Strasburg Fire Chief cited

the need for automatic fire sprinklers, an access road to the nearby pond for water supply,

and a rooftop ventilation system to protect the theater.  The fire department's concerns

were not afforded adequate attention by the property owners, nor some State Department

of  Industry and Labor personnel.

The owners were granted a waiver for the required fire sprinkler system in the

storage area (where the fire started), and were required instead to provide an automatic,

centrally-monitored alarm system.  The rationale for the request and the justification for

the approval was explained by John J. McNulty, Chairman of the State Industrial Board as

reported by Stephen Tropnell of The Lancaster New Era newspaper, January 30, 1997.

McNulty said that alternate fire protection was approved for several reasons:

• The potential damage to electronic equipment, costumes, sets and props by accidental

discharge of a sprinkler would be substantial, possibly hundreds of thousands of

dollars.

• The entire building was constructed of non-combustible materials.

• The storage room where sprinklers were required was constructed of materials with a

two-hour fire resistance rating.

• Obtaining a reliable water source for the sprinkler system would be very difficult.

The State Department of Labor and Industry reasoned that the building was built of

non-combustible materials and that theatrical pyrotechnics and smoke used during

performances could accidentally activate sprinkler systems, potentially causing water

damage.

The automatic centrally-monitored alarm system included smoke and heat

detectors.  However, the smoke detectors on stage were often activated by theatrical smoke

which set off needless alarms.  This led to the conversion of smoke detectors to heat
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detectors and started the practice of disabling the system during performances, and using

employees as a fire watch.

The lessons of the Sight and Sound fire are not new.  This fire is very similar to

other fires in history, examples are:

• 1967 Chicago Ill., McCormick Place exhibition hall fire where a non-sprinkled

fire resistive protected steel constructed building collapsed.  This fire was not

occupied with patrons at the time of the fire.  Maintenance crews tried

unsuccessfully to control the fire and the notification to the fire dispatched was

delayed.  The fire protection water system maintained by the property owner

was not in operation.  The fire was fast burning and had high heat production

which contributed to the steel failure and total collapse.

 

• 1985 Fairfax, VA., Wolftrap Farm Pavilion fire began in the stage at the prop

storage area and resulted in total destruction.  Recommendations for sprinkler

protection were not heeded.  This theater was set back off the main road and

closed when the fire started.  Late discovery allowed the fire to gain much

headway before the fire units arrived.

 

• 1904 Chicago, Ill., Iroquois Theater fire.  This theater was occupied when a

fire occurred in the stage scenery.  The fire rapidly extended from the stage to

the auditorium.  The death total was 602 people who could not get out before

they were overcome from toxic smoke.

In the case of the Sight and Sound fire the following factors contributed to the loss:

1. Fire department notification was delayed  because the alarm system did not activate.

The alarm company received no signal for an alarm at the theater.1

2. The two hour fire resistance-rated assembly in the storage area beneath the stage was

damaged during the stage floor renovation, leaving the structural members unprotected

from the ensuing fire.

                                               
1 USFA incident reviewers were not allowed to examine the system.
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3. Even though the importance of water supply was known by the property owners (lack

of it was cited as a reason for not installing sprinklers), the pond initially provided to

supply water for fire suppression was subsequently eliminated to make room for a large

addition.  The recommended access road to the alternate water supply pond was not

built because the owner of that land would not allow the construction.  With no access

road to the off-site pond, fire apparatus became stuck in the mud and had to be towed.

This also limited access for additional units trying to establish water supply.

4. The props assembly and maintenance buildings were connected to the backwall of the

theater stage with a 40 foot by 40 foot hallway which had no fire separation door.  The

State Fire and Panic Code, Subsection 51.2 (see Appendix B) requires that when public

assembly occupancies share a structure with other occupancies, the other structure will

be separated with fire walls or be governed by the most restrictive limitations.  The

lack of sprinklers and fire separations contributed to fire extension and damage to the

prop assembly and maintenance buildings.

5. The representatives from the State Department of Labor and Industry did not

apparently understand how a two hour fire resistance rating should be applied per the

particular features of a specific structure.  The level of protection is variable depending

upon many factors that affect the rate and extension of heat and flame.  The two hour

rating does not guarantee two hours of fire resistance for buildings.  Rather, the rating

relates to a laboratory test conducted using a controlled time temperature curve where

an assembly is exposed to increasing heat levels until 1,850o F is reached at two hours.2

In real fire situations, fire temperatures can reach 1,850o F in minutes, not hours.

Misunderstanding of the fire resistance rating resulted in a mistaken justification for

waiving the required storage room sprinkler system.  Storage rooms often have high

fuel loads which when involved in fire produce enough heat to quickly overwhelm the

fire resistant design intended to contain the fire within a compartmentalized area.  The

code recognizes storage areas in public assembly occupancies as potential fire hazard

areas that require dynamic protection features to extinguish or contain a fire.

The two hour fire resistance assembly test is consistent with the combustion of

ordinary Class A materials capable of heat generation at 8000 BTU's per pound.  The

                                               
2 NFPA Fire Protection Handbook section 5 p 64



28

under stage storage area in the theater held props constructed of plastic resin glass

fibers, polystyrene foam, and plastics that typically produce heat generation rates of

16,000 BTU's per pound, twice the rate of ordinary combustibles.  In addition, the

canvas, cloth, and wood used in the props had high surface area to mass ratios

conducive to rapid flame spread.  The heavy fuel load in this facility would be

considered by most life safety and fire codes to be hazardous storage, thus requiring

sprinkler protection.

6. The stage floor renovations contributed to the overstocked storage room and heavy fuel

load.  The theater routinely produced four separate seasonal productions throughout the

year.  Normally, three productions were in storage while one remained on stage.  Due

to the stage floor construction, the props and scenery for the fourth production also had

to be crowded into the under stage storage area.  This further increased the fuel load

and impeded the advancement of hose lines by firefighters.

7. The inability to efficiently ventilate smoke from the theater further complicated the

efforts of firefighters to find the vertical fire travel in the auditorium.  The inability to

effectively relieve the heat vertically through the roof allowed the intense thermal

effects to travel horizontally across the underside of the roof causing more damage to

the steel structure and the subsequent roof collapse.  The automatic rooftop ventilation

originally suggested would have mitigated the heat and smoke extension dramatically.

8. Although there were six civilians who suffered minor injuries, the fire suppression

operation was conducted without firefighter injury.  This fire presented a significant

potential for firefighter injuries during the interior fire attack phase and from the

subsequent roof collapse.  The fireground command officers recognized the imminent

potential for building collapse, and removed personnel from the structure.  They then

used defensive tactics and conducted operations from the exterior.

9. The theater auditorium was designed to allow for the evacuation of 1,400 occupants

through the 26 exit doors without steps. The exiting rate of 60 people per minute, is

based upon healthy, ambulatory people3.  The Sight and Sound Theater productions

were family programs targeting young children and elderly audiences.  As much as 60

percent of the typical audiences consisted of elderly individuals or children who may

                                               
3 NFPA Fire Protection Handbook section 6 pg. 9
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have required exiting assistance.  Many of the elderly who usually attended used wheel

chairs.  These circumstances almost certainly would have delayed exiting to a rate of

fewer than 60 people per minute had the fire occurred while the theater was occupied.

Also, smoke and the products of combustion probably would have communicated into

the auditorium contributing to additional exiting problems.

Lessons Learned

1. Local governments have the responsibility and fire departments need the

authority to ensure that local fire protection capabilities can cope with a fire of

any structure, especially a high occupancy public assembly such as the Sight and

Sound Theater.

Unfortunately, many volunteer fire companies across the country are not provided a

formal voice into the building plan process.  Where this is the case, there are several

actions that fire departments might otherwise take if faced with new fire protection

demands that exceed the staffing, equipment, and training resources of the department,

especially when built-in protection requirements appear to be compromised:

A. Develop a process whereby the fire department is apprised of building permit

requests and plans.

B. Notify the local government if the proposed construction places excessive

demands for fire and life safety protection.  Provide formal recommendations, in

writing, for built-in fire protection and water supply requirements as appropriate.

C. When waivers are requested which would adversely impact fire protection

coverage, fire department concerns should be communicated in writing to the

appropriate local and State agencies.

D. If structures are built without adequate fire protection features and are beyond the

resources of the local fire service to protect, the local fire service organization

could notify the property owners, local government, and the property’s insurance

carrier that major property loss will likely occur beyond what would be expected

had the structure been built code compliant.  The fire department could also point
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out that the planned construction poses a potential life safety risk to both the

firefighters and general public.

E. The local fire service organization could work toward the adoption of appropriate

local building and fire codes with local authorities.

2. Pre-construction meetings should be conducted with property managers and

contractors, so that fire service representatives can provide important insight for

fire safety design and fire protection measures.

On complex buildings and public assembly occupancies, pre-construction meetings

allow the fire department representative to review the site and building plans and make

fire protection recommendations.  The plans review process normally allows the fire

department to offer valuable information to the property owners and contractors, and

enables the department to become familiar with how the planned construction could

affect fire protection systems and influence fireground operations.  Such conferences

should be also held prior to any major additions or repairs to existing structures.

If a meeting had been held with the local fire department before work proceeded on the

stage floor at the Sight and Sound Theater, the fire department representative would

likely have recognized the potential hazard of welding over the storage area, and could

have suggested fire prevention measures, such as a fire watch during welding

operations, and removing or protecting the combustibles below the work area.

3. Government and fire code officials must recognize that building safety/fire code

requirements are usually based on past tragedies.  Waivers and trade offs of code

provisions must be granted sparingly and only with adequate, comparable fire

protection coverage through other means.  Otherwise, the safety of citizens and

firefighters is jeopardized.

Public assembly occupancies warrant more stringent requirements because of the high

potential for multiple casualties and large dollar losses.  Claims of economic hardship

caused by complying with codes rarely overshadow the cost of the fire that otherwise

might have been prevented or suppressed in the incipient stage.  This fire is a perfect

example.  The cost of the fire is estimated at  $15 million dollar loss to the structure,

$55 million dollars lost to the tourist industry, thousands of dollars in response costs
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expended by the fire departments, and the loss of jobs for 62 theater employees.  (See

Appendix C.)  The cost associated with the fire protection features that were $225,000

pales in comparison to the subsequent loss.

Fire protection is a service provided by people from the community and should be

supported by the community.  This support should include responsible construction of

buildings which meet life and safety codes and do not exceed the capability of local

resources.

4. Buildings constructed of steel should, in effect, be considered unprotected and

capable of collapse from fire in as few as ten minutes.

Fire resistant coatings sprayed onto structural steel are susceptible to damage from

construction work.  As a result of the delayed call to 911, the lack of a sprinkler system

in the storage area, and the failure of the alarm system, the fire in the storage room

beneath the stage was probably already unsafe for an interior attack when the 911 call

was made.

Building construction training is especially important for line fire officers.  Basic fire

training does not generally cover building construction or pre-fire planning.  All fire

officers need to be familiar with the specific hazards of building construction.

Understanding the risks associated with building collapse will increase safety of fire

fighting operations.

5. The impact of fire and heat on structural steel members warrant extreme caution

by firefighters.

For a fire of this magnitude the interior attack should be at least two 2-1/2 inch hose

lines -- one 2-1/2 inch hose line for fire attack and the second as a back-up line to direct

water on the structural overhead.  For reach and penetration at least one line should

have been equipped with a smooth bore nozzle.  Water directed on heat-buckled or

sagging steel members generally will prevent further distortion of the steel, provided

the fire is being extinguished.

Although the first arriving engine did not run out of tank water before the 5-inch hose

relay was complete, the use of four 2-1/2 inch lines would have required approximately

1000 GPM.
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6. The general firefighting rule of using water only on visible fire (not on smoke) is

not applicable to structural steel construction.

Unless the steel members are cooled with  high-volume hose streams, the fire’s heat

can rapidly cause steel to lose its strength and contribute to building collapse.

Therefore, interior fire attack in steel construction should include the timely use of

sufficiently sized handlines to cool the structural steel, with additional lines deployed

to attack the fire.

7. A personnel accountability system should be implemented and strictly applied by

a designated safety or accountability officer, on every incident and particularly at

working structure fires.

While there were no significant injuries, a safety officer should have been appointed by

the incident commander.  An incident this large with the potential for firefighter

injuries warrants a personnel accountability/safety manager.  This position is needed to

coordinate the overall safety of fireground operations and to ensure personnel

accountability.

The establishment of effective accountability systems for all personnel operating at the

scene of fires, has become a standard safety practice in the fire service.  This type of

system can greatly reduce the risk of overlooking personnel during the evacuation of

the fire building.  It also reduces the possibility that personnel may become trapped or

incapacitated without the Incident Commander being aware of their presence.

Although many fire departments (see Appendix D for Lancaster County’s) have

accountability procedures in place, it is important that they be implemented routinely.

8. Once incident command is established, it is valuable to assess whether sectors

should be assigned by geographic position or by tactical function .

With the exception of water supply, sectors were assigned geographically based on

building sides. Consideration should be given to tactical areas of responsibility such as

ventilation, exposure protection, planning, safety, etc.  Tactical sectors are often more

effective on fires of this magnitude because the sector commanders can better

coordinate specific functions for the entire incident.  The ventilation of the structure
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was critical because of the limited openings and the difficulty in locating the fire.  If

the large overhead doors at the prop assembly building could have been opened, it

would have relieved the heat at exposure number three.  A hose crew was employed on

the liquid nitrogen tank at the storage room entrance.  The planning sector, if utilized,

could have concentrated on how to open the overhead doors, and the best way to

handle the nitrogen tank hazard.

9. Effective incident command of a major incident like this fire would benefit from a

specialized command vehicle to support incident management functions.

On large scale fires, a command unit with space for command officers to meet and

have adequate communications capabilities is very important.  The Lancaster County

Fire Service has approximately 100 fire departments that could utilize a command

vehicle for more efficient operations at major incidents.  A critique of this incident held

by the Strasburg VFD identified the need for a command bus on all multiple alarm

incidents in the County.

10. Codes pertaining to exiting in public assembly occupancies do not account for

public assembly occupancies frequented by a high percentage of elderly and

children.

The code requirements on building evacuations generally are established on the basis

of healthy ambulatory people.  Code provisions do not routinely consider the exiting

impact of those needing assistance, such as elderly and handicapped people, and very

young children.  What are normal and acceptable exiting rates change when occupants

are less ambulatory, especially when fire protection systems are waived.

For the fire safety of public assembly occupants it is necessary that exits are adequate

for timely evacuation, and that fire protection systems control the fire until evacuation

is complete.  A fire protection sprinkler system and a reliable alarm system are

essential for ensuring the necessary evacuation time.  This theater attracted large

audiences which would have needed assistance during emergency exiting, and

therefore, more time to evacuate the auditorium.  Waiving required fire safety systems

further increased the risks for fire and panic-related injuries had the theater been

occupied when the fire occurred.
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B. State Panic and Fire Code.
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APPENDIX A

STANDARD OPERATION PROCEDURE/INCIDENT COMMAND



LANCASTER COUNTY
PENNSYLVANIA

INCIDENT COMMAND SYSTEM
FIRE/EMERGENCY

STANDARD OPERATING PROCEDURES

APPROVED: LANCASTER COUNTY FIRE CHIEFS’ ASSOCIATION
DECEMBER 12, 1990
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STATE PANIC AND FIRE CODE

















APPENDIX C

EMERGENCY SERVICES OPERATING COSTS







APPENDIX D

LANCASTER FIRE CHIEF ASSOCIATION STANDARD
OPERATING GUIDELINES
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