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COURSE:  FIRE OFFICER I  





	SESSION REFERENCE:  11-2





	TOPIC:  INHERENT FIRE RELATED CHARACTERISTICS OF VARIOUS


			CONSTRUCTION TYPES - LECTURE





	LEVEL OF INSTRUCTION:  





	TIME REQUIRED:  1 HOUR





	MATERIALS:			  REFERENCES:


	Slide projector		  IFSTA Essentials, 3rd ed.


	MFRI slides			  IFSTA Bldg. Construction,


						  NFPA Bldg. Const. for the Fire


						    Service, 3rd ed.


						  Fire Engineering Collapse of


						    of Burning Buildings


						  NFA - Bldg. Construction Wood


						    and Ordinary


						  NFA - Bldg. Construction Fire


						    Resistive and Noncombustible


						  MFRI Firefighter II		
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PREPARATION:


	


	MOTIVATION:





	The fire officer must understand how a building is constructed for various types of occupancies before he/she can expect to be successful in  understanding how the building will react under fire conditions.





	OBJECTIVE (SPO):  11-2					   S-FOI-11-2-1	





	The student will be able to list, define, and describe the fire and safety related hazards of various types of construction and occupancies from memory, without assistance, to a written test accuracy of 70%.





	OVERVIEW:                                       S-FOI-11-2-2





	Inherent Fire Related Characteristics		   


	*  Building Materials


	*  Roof Design and Hazards


	*  Fire Characteristics of Buildings
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SESSION 11-2	INHERENT FIRE RELATED CHARACTERISTICS


	OF VARIOUS CONSTRUCTION TYPES








SPO 11-2	The student will be able to list, define, and describe the fire and safety related hazards of various types of construction and occupancies from memory, without assistance to a written test accuracy of 70%.





11-2-1 	List and describe the fire characteristics of various building material.  (NFPA 1021, 2-12.2, a,b, NFPA 1021, 2-12.3 a,b)





11-2-2 	List and describe the various type of roof styles and problems associated with various occupancies and construction types.


		


11-2-3	List and describe the various fire related characteristics of different types of buildings according to NFPA 220 and other non-listed buildings.  (NFPA 1021, 2-10, a,b,c,  NFPA 1021, 2-12.2, a,b and NFPA 1021, 2-12.3 a,b)


�
I.	Building Materials  (11-2-1)


	


	A. Steel





		1.	Structural dynamics/temperature consideration





			a.	Steel will expand one inch for  every 10' at 1,000°, at 1,300°    will fail (thermal elasticity)


   	


			b.	Cooling of steel at or before  1,000 degrees will cause  contraction of the steel





			c.	Cooling of steel at or after 1,300 degrees will cause the steel to freeze in place and retain 90% of it strength





		2.	Steel bar joist





			a.	Will fail as soon as five         minutes at 1,000 degrees





			b.	Cold drawn steel will fail in   the same time frame at 800        degrees 





		3.	Tactical considerations





			a.	Apply hose streams to the overhead to cool the steel





				1)	Use large stream or master steams for reach				   and safety of crews





				2)	Remove or penetrate the ceiling assembly (tiles)





				3)	Stop transmission of heat to combustibles in other attached buildings 





			b.	Do not place personnel on lightweight roof assembly


				which are used in Type II and


				Type III buildings





			c.	Determine what is burning and what structure damage is occuring





			d.	Beware for conduction of heat to combustibles inside of the building from burning/welding operations on exterior of building (Shiller Furniture Fire Baltimore County, 1984.  Three firefighters died as a result.  Heat transmitted by steel to combustibles by a cutting torch)





	B.	Concrete





		1.	Determine what type of concrete you are dealing with





			a.	Structural concrete





			b.	Lightweight structural concrete





			c.	Pre-cast concrete units





				1)	Pre-stressed





				2)	Post-stressed





			d.	Reinforced concrete





		2.	Determine the condition of the       concrete or fire damage to the       concrete from interior or exterior fires, age, and weather damage





		3.	Beware of breaching; it may cause    failure 





	C.	Lightweight wood construction





		1.	Contrast heavy timber truss and lightweight wood truss





		2.	Lightweight wood truss (engineered)





			a.	Sheet metal plates with V-shaped teeth which only penetrate the wood 1/4" to 1/2".  May then be nailed with as little as one nail per wooden member to assemble the entire truss - known as gusset plate





			b.	The danger is failure of the truss at the connectors (gusset plates).  It acts as a heat sink, causing charring of the wood, and failing





			c.	Have the connectors been damaged while stored or through corrosion?





		3.	Wooden I-beams (lightweight plywood construction)





			a.	Consists of solid or laminated 2X? for top and bottom chords and plywood or composition  board web between





			b.	No fat as with the conventional beam





			c.	Manufactured (engineered) in as long as 60' lengths





			d.	"Poke through" for utilities and delamination of the plywood, under fire conditions, along with failure at the connectors, make these beams a major tactical consideration if fighting a building fire with wooden I-beam construction





		4.	Truss void/truss loft





			a.	The truss void acts as a large volume area in which super heated carbon monoxide will accumulate and explode violently under a backdraft situation





			b.	The connectors will fail causing collapse





		5.	Pre-incident planning





			a.	The only way to ensure identification of buildings with these construction hazards





			b.	Once it gets covered up, you may not know until collapse occurs during a fire





			c.	Once you have identified it - SPREAD THE WORD!  Put it on  maps, pre-incident plans, share with other companies, chief officers, etc.





			d.	Don't let the lack of flow of information cause a catastrophe�
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Spalling and exposure of reinforcement
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Loss of laminate will cause member to fail (delamination)
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II.	Roof System Design and Hazards (11-2-2)





	A.	Residential





		1.	These roofs consist of conventional  pitched, lightweight pitched, and flat construction





		2.	They have wooden decking of 2x? or   plywood material which cover joist   or trusses spaced at 16" to 24" on center





		3.	They are covered with one or two layers of 15 pound felt paper over the decking 





		4.	Then covered by one of several       materials





			a.	Asphalt shingles - may allow roof fires from field fires.  Watch those embers  





			b.	Slate shingles





			c.	Terricotta tile





			d.	Wood shingle - roof fire from


				field or wood fire, watch embers.  Oakland California disaster - million dollars lost.


							


			e.	Synthetic/manufactured shingles





				1)	Monier roof tiles





				2)	Bitumen roofing (gravel chip)





				3)	Rubber composite roofing





		5.	Flat roofs may have 2x? rafters      with wooden decking covered by


		    layers of 15 pound felt and mopped tar then chips applied 





	B.	Commercial roofs





		1.	The majority of these roofs are


	 	 	flat in design with few variables such as spacing and material used; can also be pitched





 		2.	The material used and arrangement    can help or hurt the firefighting 


            operation





		3.	The deck of the roof is the first    variable.  Deck may allow transmission of fire from building to building or outside source





			a)	Wood plank





			b)	Wood fiber





			c)	Poured structural concrete 





			d)	Poured lightweight insulating     concrete	





			e)	Precast concrete





			f)	Metal deck





		4.	The next variable is how the roof    material is built-up using





			a)	Mopped tar





			b)	Felt paper





			c)	Insulation





			d)	Gravel/chip





			e)	Synthetic material





			f)	Rubber





			g)	Special roof application





		5.	The next concern is the problems that the assembly causes for the     firefighter





			a)	Combustibility





			b)	Skylights





			c)	Metal roof deck fires





			d)	Single-ply roof (rubber roof)





			e)	What started the roof fire





		6.	Roof safety precautions - to prevent accidents on roof top operations the following should be considered 





			a)	Ascertain roof construction





			b)	Sound ahead for safety





			c)	Never cut structural support





			d)	Minimum of two persons for roof  operations





			e)	Always provide for at least two  ways off the roof





			f)	Provide adequate lighting





			g)	Maintain communication if working on roof





			h)	Hook the parapet with one arm while on the roof





			i)	Watch for indicators of painted or covered skylights 


			�
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2X? = 2X any size that is applicable refers to the rough nominal dimensions of the materials being used
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External/internal�
�
III. Fire Characteristic of Buildings (11-2-3)





	A.	Type I fire resistive





		1.	Vertical fire spread via windows or


		    other openings between floors and 


		    exterior wall





		2.	Large open floor area in newer       design allows for heat and gasses


		    to travel unchecked





		3.	Non-operable windows for ventilation which provide for difficulty of gas and heat removal





		4.	Vertical shaft within


          	building





		5. 	Mass of building material will cause problems with heat retention





	B. Type II noncombustible





		1.	Steel members are subject to early 		  failure





		2.	Steel reinforcement will act as conductor and cause separation of    concrete from the reinforcement





		3.	Concrete spalling due to expansion   of trapped moisture and rapid cooling





		4.	Early roof failure due to use of   lightweight trusses





		5.	Transmission of heat from unprotected steel


 


	C. Type III ordinary 





		1.	Building may have common wall with   common floor/rafter sockets





		2.	Walls may be bulging and need to be  tied to floor with metal             bolts, stars, or plates





		3.	Crawl space or cockloft may allow rapid fire spread within or to other attached buildings





		4.	Renovation may add hidden area to  allow for fire extension





	D.	Type IV heavy timber





		1.	Floors may be oil soaked





		2.	Fire load may be excessive from      stock, manufacturing processes, or storage of finished goods





		3.	Floor with large opening to allow elevators, machinery, and utilities





	E.	Type V wood construction





		1.	Structure is totally combustible





		2.	Floor/roof supports may be           lightweight construction 





		3.	Joist and stud channels of balloon construction allows for rapid fire spread though out building - up, across, and down





		4.	Inherent problems in garden style    building such as void spaces





		5.	Lightweight material may cause other problems such as delamination and increased fire load 





		6.	Combustible roof assembly that allows for transmission of fire to external or internal sources





	F.	Other non-listed buildings 





		1.	Roof not capable of supporting heavy load(s) 





		2.	Lightweight wall and roof that will  not carry undesigned loads 





		3.	Special operations needed to combatfire
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Typical high rise buildings will have a common core�
�
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SUMMARY


                                                                  





	REVIEW:                                         S-FOI-11-2-30





	Inherent Fire Related Characteristics


	*  Building Materials


	*  Roof Design and Hazards


	*  Fire Characteristics of Buildings


	





	REMOTIVATION:





	Understanding how buildings are constructed for the various types of occupancies will enable the fire officer to make strategically sound tactical decisions when faced with these buildings under fire conditions.


 


	ASSIGNMENT:
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	EVALUATION:
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