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PROGRAM DESCRIPTION

Explore the selection and application of automatic sprinklers for 
storage arrays where solid-pile, palletized, bin-box, shelf or rack 
storage commodity configurations exceed 12 feet. The course 

addresses the influence of various commodity and ceiling heights 
in sprinkler selection and system design. Learners should enter 

this program with the ability to apply NFPA 13 density/area 
design curves.
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Presenter Notes
Presentation Notes
This is a technical course on fire protection and life safety provisions in the model codes that affect architecture on residential multi-family construction, that include apartments, campus housing, condominiums, and townhouses. Balcony fire protection allows for construction, material, and occupant usage tradeoffs in the model codes and application of the appropriate fire protection standard is critical to gain the life and property safety benefits for all levels of housing, from affordable to luxury and from low-rise to high-rise. 
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Can anyone share an experience you’ve had 
involving high-piled storage and coordination 
of the International Fire Code with NFPA 13?
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WHAT HOW

MODEL CODES STANDARDS

Presenter Notes
Presentation Notes
Model codesLegally adopted – “what” must be doneICC: IBC/IFC/IMCNFPA 1, 30, 72StandardsAdopted by reference – “how” to do itCOVER QUESTIONS BELOWEvaluation method from question bank:1 . A ________ is a law or regulation written in mandatory language that establishes minimum requirements where something must be done. code <standardguiderecommended practice2. A ___________ is a document that written in mandatory language prescribes how to satisfy what is required.a)	standard <b)	codec)	guided)	recommended practice
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 Storage Layout Floor 

Plan

 General Fire Protection & 

Life Safety Requirements

 Fire Department Access 

roads

 Fire Department Access 

Doors

 What is the Commodity 

Classification? 

 How is it stored?

 What is the height of the 

storage?

 Building height?

 What type of sprinkler is being 

used?

 Special Commodity?

Presenter Notes
Presentation Notes
CHANGES IN 2021 IFCThe mixed commodity figures in the 2021 IFC changed to correlate to the 2019 edition of NFPA 13. The only difference from the IFC to NFPA 13 are the amounts of plastic in Class I and II plastics. The IFC will permit small amount of plastic in Class I and II commodities whereas NFPA 13 moves any amount of plastic to a Class III commodity. (Figure 3203.9(1) and (2))Inspection of the storage layout plan is new text for the 2021 IFC and is found in the housekeeping and maintenance section of the IFC. This requires the storage plan from Section 3201.3.2 to be inspected on an annual basis and any change to the storage layout, i.e. commodities, storage height, fire protection, must be approved by the fire code official. (3205.1)Designed to address statistics that show Fire Sprinklers in Storage Facilities are only 79% effective, as compared to 95% overall for other occupancy types.3201.3- Construction Documents (for New Construction) Requirements, (new in 2018- Copy of “approved” plans shall be maintained on the premises at an approved location)3201.3.2 Approved Storage Layout Plan (shall be mounted in an approved location)Table 3206.2- General Fire Protection & Life Safety Requirements3206.6 Building Access (Fire Access Roads within 150 feet of all portions of the exterior walls)3206.7 Fire Department Access Doors (lineal distance between doors shall not exceed 125 linear feet)NFPA 13 (2019)Complete reorganization fashioned in order of how on would approach the design of a sprinkler systems.Storage Chapters completely reorganized and based upon sprinkler types (CMDA and In-RACKS,  CMSA, or ESFR)Special Occupancy Requirements found in Chapter 26 (ie. Flammable and Combustible Liquids – NFPA 30, Health Care Faciliites NFPA 99)
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STORAGE
• Group S-1 Examples (Moderate 

Hazard)
• Combustible

• Furniture
• Lumber
• Bulk Storage of Tires

• Group S-2 Examples (Low Hazard)
• Non-combustible 

• Food Products
• Metal Cabinets
• Washers & Dryers

NON-STORAGE (“Occupancies”)
• LH
• OH 1 & 2
• EH 1 & 2

STORAGE (“Commodities”)
• Class I
• Class II
• Class III
• Class IV
• Group C Plastics (Class III)
• Group B Plastics (Class IV)
• Group A Plastics
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Presenter Notes
Presentation Notes
First point- Occupancy classifications means 2 different things here….BUILDING CLASSIFICATION (based upon USE) vs HAZARD CLASSIFICATION –based UPON CONTENTS (and this can also cause confusion)Second point- A Storage building can switch COMMODITY CLASSIFICATIONS without “triggering” and type of a BUILDING “Change of Use” and associated permitting, and notification per the IBC….this makes it extremely difficult to track….IBC 311.1 Storage Group S. “…includes….the use of a building or structure, or a portion thereof, for storage that is not classified as a hazardous occupancy.” (Hazardous is a complex subject, and to much to cover here, but you look in the IBC Chapter 2 definitions, which tells you it is a “chemicals or substances that are physical hazards or health hazards as classified in Section 307 and the IFC (several tables involved).311.2 Moderate-hazard storage (Group S-1) “…storage uses that are not classified as Group S-2 and includes the following: aerosols, levels 2 &3, furniture, lumber, bulk storage of tires, etc.311.3 Low-hazard storage (Group S-2) “….storage of non-combustible materials, such as products on wood pallets or in a paper cartons with or without single thicknesses…and these products are allowed to have a NEGLIGIBLE amount of plastic, trim, such s knobs, handles, etc.”311.1.1 Accessory storage spaces. A room or space used for storage purposes that is less than 100 s.f in area and accessory to another occupancy shall be classified as part of that occupancy. NEW IN 2019 311.1.2 Combustible Storage. “High-piled stock or rack storage, or attic, under-floor and concealed spaces used for storage of combustible materials, shall be in accordance with Section 413.”SECTION 413 (COMBUSTIBLE STORAGE)413.1.  General. High-piled stock or rack storage in any occupancy group shall comply with the International Fire Code. ( which means IFC Chapter 32)NFPA19.3.1.2 (Occupancy Classifications)20.3 (Classification of Commodities)…also includes rules for Rubber Tires,  Roll Paper Storage, High Bay Records Storage3.3.35 Commodity. The combination of products, packaging material, and the container (which includes the Pallet) that determines commodity classification. (3 P’s)…change any one of these 3 and you can be classified as a different Occupancy Type. (for example Class I & II products are both non-combustible, the difference is the type of container that is holding it. ..Class I commodities are placed in a “single-layer” corrugated carton…Class II in multiple-layered corrugated cartons.”(



CONFLICTS
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1 2 3

Presenter Notes
Presentation Notes
IFC is more restrictive and “wins”. 903.4 Sprinkler System Supervision & Alarm “ All valves controlling the water supply for automatic sprinkler systems…and water-flow switches on all sprinkler systems shall be electrically supervised by a listed fire-alarm control unit.”NFPA 13 (8.16.1.1.2.1) “shall be supervised by one of the following methods:1- Central station, proprietary, or remote station signaling service2- Local signaling service that will cause an audible alarm at a constantly attended point3- Valves locked in the correct position4- Valves located within fenced enclosures under the control of the owner, sealed in the open position, and inspected weekly as part of an approved procedure.
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Courtesy Integra Code Consultants

Presenter Notes
Presentation Notes
Pictured on the left is a MECHANICAL SMOKE REMOVAL SYSTEM (IFC 910.4) and pictured on right is SMOKE & HEAT VENTS (IFC 910.3). Either are permitted when required per Table 3206.6.NFPA 13- 20.6.5. Permits either manual or automatic roof vent with operating elements that have a higher temperature classification than the automatic sprinklers so that they don’t open prior to the sprinklers. (ESFR exempt)
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Commodity
Class

Size of High Piled 
Storage Area
(square feet)

All Storage Areas Solid-Piled Storage, Shelf Storage and 
Palletized Storage

Automatic 
Fire 

Extinguishing 
System

Automatic 
Fire 

Detection 
System

Fire Dept  
Access
Doors

Smoke and 
Heat 

Removal

Maximum 
Pile 

Dimension

Maximum  
Permissible 

Storage 
Height

Maximum 
Pile Volume

I – IV

0-500 NR NR NR NR NR NR NR

501 – 2,500 NR Yes NR NR 120 40 100,000

2501 – 12,000
Open to the Public

Yes NR NR NR 120 40 400,000

2501 – 12,000
Not Open to the Public

(Option 1)
Yes NR NR NR 120 40 400,000

2501 – 12,000
Not Open to the Public

(Option 2)
NR Yes Yes Yes 120 30 200,000

12,000 – 20,000 Yes NR Yes Yes 120 40 400,000

20,001 – 500,000 Yes NR Yes Yes 120 40 400,000

> 500,000 Yes NR Yes Yes 120 40 400,000

Presenter Notes
Presentation Notes
Instructor note: THIS IS A PORTION OF TABLE 3206.6 FOR TO CLASS I-IV COMMODITIES.  HIGH HAZARD NEXT SLIDE.3206.3.1. Size of high-piled storage area. “…include the footprint of the actual high-piled storage racks, shelves, or piles, and interior aisles and aisles around the perimeter (or to a wall) (Sprinklered – 44 inches wide minimum, open to the public 96 inches wide-3206.10.1)Footnotes: a.  When automatic sprinklers are required for reasons other than those in Chapter 32, the portion of the sprinkler system protecting the high-piled storage area shall be designed and installed in accordance with Sections 3207 and 3208.b. For aisles, see Section 3206.9.c. Piles shall be separated by aisles complying with Section 3206.9.d. For storage in excess of the height indicated, special fire protection shall be provided in accordance with Note g when required by the fire code official. See also Chapters 51 and 57 for special limitations for aerosols and flammable and combustible liquids, respectively.
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Commodity 
Class

Size of High Piled 
Storage Area
(square feet)

All Storage Areas Solid-Piled Storage, Shelf Storage 
and Palletized Storage

Automatic 
Fire 

Extinguishing 
System

Automatic 
Fire 

Detection 
System

Fire Dept 
Access
Doors

Smoke and 
Heat 

Removal

Maximum 
Pile 

Dimension

Maximum  
Permissible 

Storage 
Height

Maximum 
Pile Volume

High-
Hazard

0-500 NR NR NR NR 60 NR NR

501 – 2,500
Open to the Public

Yes NR NR NR 60 30 400,000

501 – 2,500
Not Open to the 

Public
(Option 1)

Yes NR NR NR 60 30 400,000

501 – 2,500
Not Open to the 

Public
(Option 2)

NR Yes Yes Yes 60 20 200,000

2,501 – 300,000 Yes NR Yes Yes 60 30 400,000

300,001 – 500,000 Yes NR Yes Yes 60 30 400,000

Presenter Notes
Presentation Notes
Instructor note: THIS IS A PORTION OF TABLE 3206.6 FOR HIGH-HAZARD COMMODITIES. CLASS I-IV COMMODITIES ARE ON THE PREVIOUS SLIDE.Footnotes: a.  When automatic sprinklers are required for reasons other than those in Chapter 32, the portion of the sprinkler system protecting the high-piled storage area shall be designed and installed in accordance with Sections 3207 and 3208.b. For aisles, see Section 3206.9.c. Piles shall be separated by aisles complying with Section 3206.9.d. For storage in excess of the height indicated, special fire protection shall be provided in accordance with Note g when required by the fire code official. See also Chapters 51 and 57 for special limitations for aerosols and flammable and combustible liquids, respectively.
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Solid-Piled Storage, Shelf Storage 
and Palletized Storage

Maximum Pile 
Dimension

Maximum  
Permissible 

Storage 
Height

Maximum 
Pile Volume

120 40 400,000

120 40 400,000

120 30 200,000

120 feet

40 feet

100 feet

40 feet

100 x100 x 40 = 400,000

120 x120 x 40 = 576,000

Presenter Notes
Presentation Notes
Instructor Note: This slide is intended to illustrate the pile volume limits from Table 3206.2. TOP DIAGRAM- Table length-width-height values do not equal volume limits (TO LARGE)120 x 120 x 40 = 576,000 cu. ft.BOTTOM DIAGRAM - Pile length or width must be adjusted to limit volume (OK)Examples: 100 x 100 x 40 = 400,000 cu. ft.120 x 83.3 x 40 = 400,000 cu. ft.In non-sprinklered buildings (third row of table extract) piles limited to30 feet high200,000 cu. ft.Instructor Note: This limit is visualized in the next slide.



Option 1 – Sprinklered

Option 2- Not sprinklered
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100 feet

40 feet

100 x 100 x 40 = 400,000

100 feet

30 feet

100 x 66 x 30 = 200,000
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• Storage layout plan :

• Location, dimensions, rack layout

• Design storage height

• Type(s) and location(s) of commodities

• Commodity clearance requirements

• Aisle dimensions

• Location of FD access doors

• Location of sprinkler control valves

18
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Commodity Class Fire Hazard Ranking

Special or High-Hazards: Tires, Rolled paper, Group A plastics, 
Flammable/Combustible liquids, Aerosols

Highest Fire
Hazard

Class IV Commodity

Class III Commodity

Class II Commodity

Class I Commodity Lowest Fire 
Hazard

Presenter Notes
Presentation Notes
IFC §3203 divides commodities into 5 classesThe higher the commodity class, the higher the relative heat release rate for similar commodities within that group. Higher HRR = the required sprinkler discharge density must equal or exceed the actual discharge density that the sprinkler system will deliver. If the automatic sprinkler system cannot deliver the RDD for the storage conditions then the automatic sprinkler system may fail to control the fire.



Presenter Notes
Presentation Notes
In general, Class I and Class II commodities are non-combustible and Class III and IV commodities are combustible. Also you will notice while there is separate criteria for group A plastics there is none for group B or C plastics. This is because Group C plastics have similar burn characteristics to Class III commodities and Group B plastics has similar burn characteristics as Class IV commodities. For this reason there is no separate classification for these plastics they are simply considered Class III or Class IV commodities. 
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Presenter Notes
Presentation Notes
Specification of the type, amount and arrangement of combustibles for any commodity classification is essentially an attempt to define the fire severity based on its burning characteristics, so the fire can be successfully controlled or suppressed by the prescribed sprinkler protection for the class. In practice, many storage arrays do not fit precisely into one of the fundamental classifications; therefore the design professional and code official will need to make judgments after comparing the each classification to the proposed or actual storage conditions. The commodity classifications shown in Section 2303 are based on judgment, fire loss experiences and fire testing results.The higher a commodity’s heat of combustion the higher the commodity classification. The higher a commodity’s classification the more difficult this material is to control and extinguish when it is involved in fire. For example consider a pile of wood chips and a pile of Group A plastics. The volume of the wood pile is four times as large as the volume of the plastic chip pile. In this the case the total amount of stored wood energy equals or exceeds the amount of energy stored in the plastic pile. In other words, the amount of heat released for each unit of mass can vary not only by the heat release rate but the amount of material that may be involved in a fire.HRR is generally estimated using pallet load arrays – individual containers and packaging are rarely evaluated because this is not how the commodities are stored.



Presenter Notes
Presentation Notes
The purpose of this video is to compare the HRR from two visually identical overstuffed chairs.  The left-hand chair is covered with manufacturer’s “normal” fabric.  The right-hand chair has the same fabric on the outside, but a fire-resistant barrier between the fabric and stuffing.Students should be direct to watch the paths of the two graphs (yellow and red lines) to compare the energy release from the two chairs. The yellow line represents the left-hand chair HRR, the red line the right.The chairs emit heat energy ant nearly the same rate for the first minute, but the chair on the right has is peak heat release rate (maximum energy release) at about two minutes then heads to fire extinction.The chair on the left continues to grow until it achieves peak heat release rate at about 8 ½ minutes before heading toward fire extinction.With the higher heat release rate, the chair on the left would be assigned a higher hazard commodity classification.



“A combination of products, primary packaging, and storage pallet.”

Product: item being stored Coffee mugs, engine blocks, plywood panels, 
wristwatches, toilet paper . . . .

Packing materials around the item Cardboard boxes with dividers, steel 
containers, shrink wrap, boxes with foam 
“peanuts” . . . .

Containers: pallets, bins or storage method Wood or plastic pallets, plastic, cardboard or 
paper bin boxes, crates, wooden spools . . .

Presenter Notes
Presentation Notes
Product: The item being stored, ie. Coffee mugs, engine blocks, plywood panels wristwatches, toilet paper ect…Packing materials around the item: Cardboard boxes with dividers, steel containers, shrink wrap, boxes with foam “peanuts”….Pallets or Containers: Pallets, bins or storage method. Wood or plastic pallets, plastic, cardboard or paper bin boxes, crates, wooden spools….



Presenter Notes
Presentation Notes
Packaging.jpg: We’ve discussed the first “P” lets review the second. The packaging of the commodity can affect the classification in a few ways, first by adding to the fire load, second by preventing water from reaching the hazard, and third by either providing or not providing support which would either keep the commodity together or allow it to fall apart.  There are a few items regarding the packaging that need to be considered.Cartoned. Defined by NFPA 13 as a method of storage consisting of corrugated cardboard or paperboard containers fully enclosing the commodity. Encapsulated: Defined by NFPA 13 as a method of packaging that either consists of a plastic sheet completely enclosing the sides and top of a pallet load containing a combustible commodity, a combustible package, or a group of combustible commodities or combustible packages, or consists of combustible commodities individually wrapped in plastic sheeting and stored exposed in a pallet load. Encapsulation is important to consider because it can prevent the sprinkler discharge from reaching the hazard. Pallet loads wrapped only on the sides is not considered encapsulated, it must cover the sides including the top. Free-flowing plastic materials:  Defined by NFPA 13 as those plastics that fallout of their containers during a fire, fill flue spaces, and create a smothering effect on the fire, Examples include: powder, pellets, flakes, or random-packed  small objects. 
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Presenter Notes
Presentation Notes
Pallets.jpgInstruct: Commodity classifications suggested in NFPA 13 assume all pallets are wood or metal, when plastic pallets are used commodity classification must be increased unless the pallets are listed, or the commodity stored is a group A plasticUnreinforced plastic pallets:Classification shall be increased by one classMust have permanent symbol marking themReinforced plastic pallets:Classification shall be increased by two classesListed Pallets:Per section 20.3.2.4 no increase in commodity class is required for listed pallets that have demonstrated the fire hazard is equal to or less than wood pallets. Slave PalletsSlave pallets do not change the commodity class however, where solid, flat-bottom, combustible pallets are used for rack storage of class I-IV Commodities up to 25 feet in height an increase of 20% density shall apply (unless in-rack sprinklers are provided), this only applies to CMDA sprinklers



Presenter Notes
Presentation Notes
Class I Example



Presenter Notes
Presentation Notes
Class II exampleClass II commodities: A good example of class II commodities is coated metal cans in double tri-wall cartons. The example shown in the photo is a class II commodity because of the multi-layered corrugated carton. Class II commodities is defined in NFPA 13 as the following: A noncombustible product that is in slatted wooden crates, solid wood boxes, multiple-layered corrugated cartons, or equivalent combustible packaging material, with or without pallets.



Presenter Notes
Presentation Notes
Class III Example Instruct: Class III commodities: a good example of class III commodities are paper cups in compartmented cartons.NFPA 13 defines class III commodities as the following:A Class III commodity shall be defined as a product fashioned from wood, paper, natural fibers, or Group C plastics with or without cartons, boxes, or crates and with or without pallets.A Class III commodity shall be permitted to contain a limited amount (5 percent or less by weight of nonexpanded plastic or 5 percent or less by volume of expanded plastic) of Group A or Group B plastics.Class III commodities containing a mix of both Group A expanded and nonexpanded plastics shall comply with Figure 20.4.3.3(a) where they are within cartons, boxes, or crates or with Figure 20.4.3.3(b) where they are exposed. (We will discuss the percentages of plastics allowed for Class III and IV commodities in a moment)



Presenter Notes
Presentation Notes
Class IV ExampleClass IV Commodities: a good example of Class IV commodities are Polystyrene and paper cups in compartmented cardboard cartonsNFPA 13 defines Class IV Commodities as the following:A Class IV commodity shall be defined as a product, with or without pallets, that meets one of the following criteria:Constructed partially or totally of Group B plasticsConsists of free-flowing Group A plastic materialsCartoned, or within a wooden container, that contains greater than 5 percent and up to 15 percent by weight of Group A nonexpanded plasticCartoned, or within a wooden container, that contains greater than 5 percent and up to 25 percent by volume of expanded Group A plasticsCartoned, or within a wooden container, that contains a mix of Group A expanded and nonexpanded plastics and complies with Figure 20.4.3.3(a)



Higher heat of combustion/HRR

Relative Fire Severity

Group A Expanded Plastic

Group A Unexpanded

Group A Free Flowing

Group B

Group C
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Presenter Notes
Presentation Notes
Plastic SeverityInstruct: Plastics are subdivided into different groups and sub groups. Of which Group C is the lowest level hazard and Group A Expanded Plastics are the highestGroup A Expanded PlasticsGroup A Un expandedGroup A Free FlowingGroup BGroup CAs we discussed Before Group C and B are considered Class III and Class IV commodities We will walk through examples of each type of plastic. NFPA 13 does not provide a definition however it does provide a definition however it does provide examples:FluoroplasticsMelaminePhenolicPVC (Polyvinyl chloride)PVCD (Polyvinylidene Chloride)PVDF (Polyvinylidene fluoride) Urea (Urea formaldehyde) Plastics The same with Group C, NFPA 13 does not define Group B plastics but provides examplesChloroprene RubberSilicone Rubber



Presenter Notes
Presentation Notes
Group A ExpandedExpanded plastics are generally a low-density product and are commonly called ‘‘foam plastics’’ such as polystyrene foam coffee cups, polystyrene foam packaging material, and polyethylene and polypropylene foam sheeting packaging material. Expanded plastics have a cellular structure made up of many small air pockets and voids. The pockets increase the available surface area and promote rapid ignition and flame spread, both vertical and horizontal



Presenter Notes
Presentation Notes
Group A UnexpandedUnexpanded plastics have a higher density when compared to expanded plastics and may or may not have rigidity. For example, plastic films are classified as unexpanded plastic as well as plastic sheets. They are a solid material and can include goods such as toys, tote bins and containers. In comparison to expanded plastics, unexpanded plastics are less hazardous because of the reduced surface area even though the heat of combustion is generally the same because this value is influenced by the resin formulation.



Presenter Notes
Presentation Notes
Group A Free FlowingFree-flowing plastics are very small plastic items such as bottle caps, hypodermic needle plungers, granular or flake plastics or powdered plastics. Free-flowing plastics burn less severely when compared to expanded or unexpanded plastics. When a container holding free-flowing plastics fails under fire exposure, the goods begin to spill from the container. In rack storage, the items begin to fill the rack flue spaces and slow the spread of a fire. Because of this phenomenon, free-flowing plastics are classified as a Class IV commodity in IFC Section 3203.5.
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Presenter Notes
Presentation Notes
Rubber Tire Storage/Paper storage.jpgRubber Tire and Rolled Paper storage :We have covered all of the commodity classifications up to this point however there are a few items that fall outside the commodities and sit in a category of their own. Rubber Tires  rolled paper storage are these items. There is no need to define these because it is self-explanatory however it is good to know that rubber tires and rolled paper does not fit in the commodity classification and they have stand-alone criteria. 



41



42

M
o

d
u

le
 A

ss
e

ss
m

e
n

t



C
o

n
ve

rs
at

io
n

 Q
u

iz

43



44



CORRUGATED METAL 
DECK

CLEARANCE TO 
CEILING TOP TIER 

OF STORAGE

CLEARANCE TO 
CEILING

>3 in.

TOP TIER 
OF STORAGE

CORRUGATED METAL 
DECK

CORRUGATED 
DECK 3 INCHES 

OR LESS IN 
DEPTH

CORRUGATED 
DECK GREATHER 
THAN3 INCHES 

IN DEPTH

≤3 in.
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INSULATION SAGGING 6 INCHESINSULATION TIGHT TO CEILING

CLEARANCE 
TO CEILINGINSULATION

TOP TIER 
OF STORAGE

INSULATION SAGGING MORE 
THAN 6 INCHES

TOP TIER 
OF STORAGE

CLEARANCE 
TO CEILING

>6 in
INSULATIO
N

CLEARANCE 
TO CEILING

INSULATION

TOP TIER 
OF STORAGE

= ½ X
X MUST 
BE ≤ 6 in.

X
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ROOF SLOPE OF 2:12 OR 
LESS

SPRINKLERS HERE DESIGNED 
FOR 30 FT CEILING

25 FT
30 FT

15 FT
SPRINKLERS 

HERE 
DESIGNED 
FOR 25 FT 
CEILING
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Commodity Class I – IV Group A Plastic
Palletized, solid-piled, bin box, shelf, or back-to-back shelf 
storage

20 ft 20 ft

Rack storage up to 25 ft 20 ft 10 ft
Rack Storage >25ft 10 ft 10 ft

MAXIMUM CLEARANCE FROM TOPE OF THE STORAGE TO CEILING FOR CMDA PROTECTION CRITERIA 
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CRITERIA WHEN MAXIMUM CEILING CLEARANCE IS EXCEEDED FOR CLASS I-IV COMMODITIES

Storage Configuration
Where the clearance 
to the ceiling exceeds

Protection is based upon the storage height 
that would result in a clearance to the 

ceiling of… In-Rack Sprinklers

Palletized, solid-piled, bin box, shelf, 
or back-to-back shelf storage

20 ft 20 ft N/A

Rack storage up to and including 25 ft 
in height

20 ft 20 ft Permitted as alternative 
to presumed clearance 
of 20 ft

Rack Storage over 25 ft in height 10 ft 10 ft Permitted as alternative 
to presumed clearance 
of 10 ft

Storage Configuration

Where the clearance 
to the ceiling 

exceeds

Protection is based upon the 
storage height that would result in 

a clearance to the ceiling of… In-Rack Sprinklers

General Storage 20 ft 20 ft N/A

Rack storage up to and including 25 
ft in height

20 ft 20 ft Permitted as alternative to 
presumed clearance of 10 ft

Rack Storage over 25 ft in height 10 ft 10 ft Required

CRITERIA WHEN MAXIMUM CEILING CLEARANCE IS EXCEEDED FOR GROUP A PLASTICS AND TIRES

49



50



51



52



53



54



M
o

d
u

le
 A

ss
e

ss
m

e
n

t

55



Provide an example of a high-piled 
storage project you’ve worked on. What 
was being stored and how was the 
product being stored?
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Presenter Notes
Presentation Notes
3.9.3.6, 3.9.3.9



Presenter Notes
Presentation Notes
Watch how much the fire expands after the packaging starts to burn away and the plastics are burning.
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Max. 60in

Max. 30in
Max.
15ft.

http://www.google.com/url?sa=i&rct=j&q=grocery+store+shelves&source=images&cd=&cad=rja&docid=M9gKyB12delQjM&tbnid=FSbfFvkW9OrGzM:&ved=0CAUQjRw&url=http://zimbabweartistsproject.org/uncategorized/welcome-slideshow/attachment/tm-avondale-shelves/&ei=1gkUUbXeBYjA2gWPy4HACQ&bvm=bv.42080656,d.dmQ&psig=AFQjCNGmRM1stbF0s8OoFbAJIpcYJ-zsaQ&ust=1360354111553304
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What does CMDA stand for and 

what does it mean? 
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0.2 
gpm/sqft

0.34 
gpm/sqft

0.8 
gpm/sqft

0.0
gpm/sqft

5.6K 
Minimum

8.0K
Minimum

11.2K
Minimum
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REVIEW NFPA 13 CHAPTER 21
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1.2 � 𝐴𝐴

DESIGN AREA (A)

S

L

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝐴𝐴𝐴𝐴𝐷𝐷𝐴𝐴
𝐴𝐴𝐴𝐴𝐷𝐷𝐴𝐴 𝑝𝑝𝐷𝐷𝐴𝐴 𝑆𝑆𝑝𝑝𝐴𝐴𝐷𝐷𝐷𝐷𝑆𝑆𝑆𝑆𝐷𝐷𝐴𝐴

1.2 � 𝐴𝐴
𝑆𝑆

Total Number of 
sprinklers to calculate 

=

Number of Sprinklers 
on branch line

=
72
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• Table 21.4.1.2
• Figure 21.4.1.2(b)
• Curves A or B
• If Curve A is chosen, why is the density lower when 

high temperature sprinklers are used?
• .325 gpm/sq ft over 2000 sq ft
• Minimum 11.2K factor
• Total Flow: 650 gpm

ANSWER:

Presenter Notes
Presentation Notes
Pick Curve A and discuss why density is lower for high temperature sprinklers
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Presenter Notes
Presentation Notes
CMSA ExampleShare Screen: Exemplar CMSA Sprinkler.jpgReview: Definition and description of CMSA sprinklersDefinition (NFPA 13-3.3.205.4.2): A type of spray sprinkler that is capable of producing characteristic large water droplets and that is listed for its capability to provide fire control of specific high-challenge fire hazards.  Spray Characteristics, and “Mode”Like CMDA sprinklers the intent or “mode” of CMSA sprinklers is to control the fire not suppress the fire. The large drops created by these sprinklers allows the water to better penetrate the greater heat created by storage fires and reach the hazard before evaporating. K FactorsPer section 7.2.2.5 indicates the minimum K-factor for an CMSA sprinkler is 11.2CMSA sprinklers have a range of K-factors between K-11.2 to K-25.2Temperature RatingsOrdinary (135°F-177°F)Intermediate (175°F-225°F)High (250°F-300°F)
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Presenter Notes
Presentation Notes
Review: Application and LimitationsHazardsHigh piled storage of:Class I-IV commodities Group A PlasticsRubber tiresRolled Paper storage OH1, OH2 (not EH1 or EH2 why?) Explain: Quick-response CMSA permitted to protect Light and Ordinary hazard occupancies. Standard-response CMSA shall be permitted to protect ordinary hazard occupancies.(13.2.4.1)This Language was added in the 2013 edition of NFPA 13. The reason behind this is if CMSA sprinklers were only limited to storage applications this would force owners to change and the sprinklers, and potentially reconfigure their system if they changed the use of the building from storage to LH or OH. It would not make sense to replace a system with a high demand with a system with a lower demand potentially reducing the level of protection. EH occupancies were also proposed in this section however including EH would add potential for shielded fires in which CMSA sprinklers are not approved. Not permitted to protect solid-shelf racks unless in-rack sprinklers are used (22.1.7)CMSA sprinklers are intended for high challenge fires, because of this obstructions make a greater impact on their effectiveness. This concern over obstructions would also apply to solid shelving since the solid shelfs would prevent water from reaching the hazard. 



REVIEW NFPA 13 CHAPTER 22
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1.2 � 𝐴𝐴

DESIGN AREA

S

L

1.2 � 𝐴𝐴
𝑆𝑆

Total Number of 
sprinklers to calculate 

=

Number of Sprinklers 
on branch line

=

80A= (Number of Sprinklers Flowing) x (Maximum Allowable area per sprinkler, not actual area per sprinkler)

Number of Sprinklers 
Dictated in Criteria Tables



Sprinkler K Factor Minimum Operating Pressure
K = 11.2 50

K = 16.8 22

K = 19.6 or larger Refer to Table 22.4

K= 11.2 or 16.8 * Refer to Table 22.4 81

Presenter Notes
Presentation Notes
Wood Joist Construction.JPGExplain: In addition to only being applicable to specific hazards CMSA sprinklers also have special criteria when used with wood joist construction:
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Solution:

o Chapter:22

o Table 22.4

o Row for: 

o Class I or II 

o 20 ft max storage

o 30 ft max ceiling

o Pick 11.2K sprinklers
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Results:

o 15 sprinklers 

o 25 psi each

o Flow options: Calculate flow for each option using whiteboard

o For k-11.2: 𝑄𝑄 = 𝑆𝑆 𝑃𝑃 = 11.2 25 = 56𝐷𝐷𝑝𝑝𝑔𝑔

o Assuming sprinklers are installed on 120 sq ft spacing

o 10 ft between sprinklers on branch line

o 12 ft between branch lines

o N𝑢𝑢𝑔𝑔𝑢𝑢𝐷𝐷𝐴𝐴 𝑜𝑜𝑜𝑜 𝐷𝐷𝑝𝑝𝐴𝐴𝐷𝐷𝐷𝐷𝑆𝑆𝑆𝑆𝐷𝐷𝐴𝐴𝐷𝐷 𝑜𝑜𝐷𝐷 𝐴𝐴 𝑢𝑢𝐴𝐴𝐴𝐴𝐷𝐷𝑏𝑏𝑏 𝑆𝑆𝐷𝐷𝐷𝐷𝐷𝐷 = 1.2 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴
𝑆𝑆

= 1.2 130 15
10

= 5.3 ≈ 6

o 6 sprinklers per branch line

o 15 sprinklers in design area

o 6 sprinklers on 2 branch lines + 3 sprinklers on 4th
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Construction Type
Protection 

Area

Maximum 

Spacing

Noncombustible 130 sqft 12 ft

Combustible Unobstructed 130 sqft 12 ft

Combustible Obstructed 100 sqft 10 ft

Rack Storage: All Construction 

Unobstructed and Noncombustible 

Obstructed

100 sqft 12 ft

Presenter Notes
Presentation Notes
Maximum Coverage Area TableInstruction: Protection Areas Per sprinkler (13.2.5)Walk Students through Spacing RequirementsDiscuss: while Protection areas beyond 100 sqft are allowed it is common practice to limit the design to 100 sqft, test involve spacing beyond 100 sqft are limitedDiscuss: Minimum coverage area Minimum coverage area: 80 sq ft



Presenter Notes
Presentation Notes
Sprinkler SpacingInstruction: Sprinkler Spacing (13.2.6)Unobstructed Construction: maximum of 12 feet between sprinklersObstructed Construction: Maximum of 10 feet between sprinklers Maximum distance to wall: ½ allowable distance between sprinklersMinimum distance to walls: 4 inchesMinimum distance between sprinklers: 8 ft



Presenter Notes
Presentation Notes
CMSA Deflector DistanceUnobstructed Construction:Keep deflector between 6 and 8 inches down from the deckObstructed Construction (pick one):Between 6 and 12 inches from the deckBetween 1 and 6 inches below wood joists or composite wood joists, but not more than 22 inches below the deck (penalty in discharge rules)Concrete tee rule (1 inch below stems, 3-7.5 ft o.c.)Deflector at least 36 inches above top of storage
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Presenter Notes
Presentation Notes
CMSA ObstructionInstruction: Obstructions (13.2.8)CMSA sprinkler have similar obstruction rules as standard spray sprinkler with different values. For example the three-times rule applies to obstructions up to 8 inches wide. For this reason we are not going into detail on obstruction rules here however we will discuss a few more rules specific to CMSA sprinklersReview the rules specific to CMSA sprinklers:Upright sprinklers and branch lines (new to 2016 edition)Sprinklers can be installed directly on branch lines 4 inches or smaller in diameterFor larger branch lines (pick one):Offset sprinkler 12 inches horizontally from branch lineElevate sprinklers 12 inches above the centerline of 4 inch branch lines (measure 12 inches from deflector to centerline of pipe)13.2.8.3.2: Special rules for continuous  obstructions completely below the sprinklers that are more than 24 inches wide13.2.8.3.4: Special rules for continuous obstructions completely below sprinklers, more than 24 inches below the sprinkler deflector13.2.8.3.5: Special rules for continuous obstructions directly below and parallel to branch line, further than 36 inches below the sprinkler deflector.	 
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What is the primary different between an 
ESFR sprinkler And CMDA/CMSA Sprinkler? 

Hint: It’s in the name.



Presenter Notes
Presentation Notes
ESFR Sprinkler ImageDefinition and description of ESFR sprinklersDefine ESFR Sprinklers: NFPA 13 Definition: A type of fast-response sprinkler that has a thermal element with an RTI of 50 (meters-seconds)1⁄2 or less and is listed for its capability to provide fire suppression of specific high-challenge fire hazards. Describe: K Factors: ESFR sprinklers are available in the following K factors: K-14, K-16.8, K22.4, K-25.2, and K-28.0, all pendent. There is also a K-14 upright option. Describe: Temperature Ratings:Rating Options:OrdinaryIntermediate HighPer section 14.2.6  the sprinkler temperature ratings for ESFR sprinklers shall be ordinary unless 9.4.2 requires intermediate-or high-temperature ratings.It should be noted section 9.4.2 allows for either ordinary or intermediate-temperature ratings to be uses throughout however it does not require intermediate unless ambient temperatures or equipment temperatures warrant high temperature sprinklers. For this reason ESFR should always be Ordinary temperature sprinklers unless higher temperature sprinklers are needed for the ambient or equipment temperatures. 





CHAPTER 23 
(OPEN NFPA 13)
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o Chapter:23

o Table 23.5.1

o Row : 

o Class I, II, III, or IV

o 20 ft max storage

o 25 ft max ceiling

o Pick 16.8K sprinklers (14K, 22.4K 

and 25.2K are also options

SOLUTION
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o Each sprinkler 

flowing at 35 psi

o Per Section 27.2.4.4 

we must calculate 12 

sprinklers total, 4 

sprinklers along 3 

different branch lines

o For K-16.8: 𝑄𝑄 = 𝑆𝑆 𝑃𝑃 =

16.8 35 = 99𝐷𝐷𝑝𝑝𝑔𝑔 per 

sprinkler

R
E
S
U
L
T
S

10 ft
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STANDARD SPRAY ESFR





ESFR

SHIFT

RULE
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LAST SLIDE

112

Questions?

Contact: [name here]
[email here]

Complete Course Evaluation to receive certificate
Certificate on website under “My Account”

Course Evaluation

Presenter Notes
Presentation Notes
Student link to form: https://forms.office.com/r/bgp9HmRbB5
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