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COURSE DESCRIPTION 
 
This five-day course will enable students to perform commercial fire sprinkler system plans reviews to allow 
structured decision-making in the students’ real-life, job-related situations and responsibilities. These skills are 
essential to meet code officials’ needs so they may conduct reviews and approve plans for sprinkler fire protection 
systems in their jurisdictions. 
 
 

AUDIENCE, SCOPE AND COURSE PURPOSE 
 
The target audience for this course includes fire service prevention and allied public officials who are responsible for 
the review of plans for sprinkler and standpipe systems in their jurisdictions. Applicants to this course should have 
familiarity with fire protection, codes/standards compliance, and fire protection systems and equipment. 
 
The scope of this course spans instruction in the knowledge and skill necessary to evaluate the soundness and code 
compliance of engineering and architectural plans for commercial fire sprinkler systems proposed as part of facility 
and occupancy construction plans. The course will enable students to perform a plans review to evaluate the suitability 
of the fire sprinkler system calculations in accordance with nationally recognized standards for design and installation. 
Course content covers fire protection standards, plan reading, parts of a submittal package, classifying hazards, water 
supplies, sprinkler system components, remote areas and evaluating hydraulics calculations. 
 
Students should be familiar with commercial fire sprinkler systems equipment and nomenclature, and have prior 
experience in fire prevention inspection programs and community goals and priorities. It is recommended that students 
meet the following minimum requirements: 
 
• Incident Command System (ICS)-100-level and ICS-200-level training. Preferred courses are Q0462 and 

Q0463, available through NFA Online. Chief’s signature attests that the applicant has completed this required 
training. 

 
• Students in the fire service should not have less than three years’ experience in either a code enforcement or 

fire safety inspection/plans review function. 
 
• Allied professionals should possess an associate degree in engineering, architecture, building design or risk 

management from an accredited college. 
 
• Required pre-application course work: 

- Q0218: Testing and Evaluation of Water Supplies for Fire Protection. 
 
Priority enrollment will be given to applicants with one of the following: 
 
• Completion of Fire Inspection Principles (FIP) I or FIP II. 
• Completion of the “Plans Review for Fire and Life Safety” course. 
• International Code Council (ICC) Fire Plans Examiner certification. 
• ICC Commercial Plans Examiner certification. 
• National Fire Protection Association (NFPA) Fire Plans Examiner certification. 
 
The purpose of this course is to prepare qualified students to review and evaluate commercial fire sprinkler systems 
plans as part of the public code compliance and enforcement functions of the community fire prevention mission. 
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GRADING METHODOLOGY 
 
The students’ final grades will be computed using the final exam. The final exam will include 46 multiple-choice 
questions (46% of the total grade). The exam covers all the information in the Student Manual (SM), as well as the 
concepts presented during presentations and class discussions. In addition, eight activities in the course will be 
evaluated using points (54 pts. total, 54% of the total grade). 
 
The required performance to successfully complete the course is attained by completing the class with at least a “C” 
or higher. 
 

Assessment Tool Point Score Final Grade % 

Precourse Assignment 10 

54% 

Activity 1.3 3 

Activity 2.3 5 

Activity 2.5 4 

Activity 3.4 6 

Activity 6.1 6 

Activity 6.2 5 

Activity 7.2 15 

Final Exam 46 46% 

Totals 100 100% 
 

Score Range Letter Grade to be 
Assigned to Student 

90-100 A 

80-89 B 

70-79 C 

69 or less F 
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GRADING RUBRICS 
 

PRE-COURSE ACTIVITY GRADING RUBRIC 
 
Assignment: In not more than 500 words, compare and contrast your jurisdiction’s code enforcement process to the 
readings. Where is your system better or worse? Why do you think that? Where can you make or recommend 
improvements? 
 
The table below details the point distribution for the pre-course activity. (Maximum points: 10.) 
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ACTIVITY 1.3: FINDING GAPS IN SUBMITTAL PACKAGES GRADING RUBRIC 
 
Assignment: Students will be provided with a sample submittal package, which they will review and find any existing 
gaps. Each student will write a letter outlining deficiencies (if any), or provide a letter explaining that the plans have 
been accepted for further review if there are no deficiencies identified. 
 
The table below details the point distribution for Activity 1.3. (Maximum points: 3.) 
 
 

Element of 
performance 

No submission 
0 points 

Deficient 
1 point 

Acceptable 
2 points 

Exemplary 
3 points 

Letter to contractor. No letter submitted. Does not outline 
any deficiencies. 

Outlines some 
deficiencies based 
on the evaluation of 
the submittal 
package. 

Clearly outlines the 
deficiencies based 
on the evaluation of 
the submittal 
package.  
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ACTIVITY 2.3: DENSITY/AREA CURVES GRADING RUBRIC 
 
Assignment: Use NFPA 13, Standard for the Installation of Sprinkler Systems, density/area curves to fill in the blanks 
of the five following examples, plus compute a rough estimate of water demand for the described conditions. 
 
The table below details the point distribution for Activity 2.3. (Maximum points: 5.) 
 
 

Element of 
performance 

No 
submission 

0 points 
Deficient 
1 point 

Developing 
2 points 

Acceptable 
3 points 

Excellent 
4 points 

Exemplary 
5 points 

Water demand 
estimates 
(gallons per 
minute (gpm)). 

No 
submission. 

One of the 
estimates is 
within a 
margin of 
plus or 
minus 5% 
error. 

Two of the 
estimates are 
within a 
margin of 
plus or minus 
5% error. 

Three of the 
estimates are 
within a 
margin of 
plus or minus 
5% error. 

Four of the 
estimates are 
within a 
margin of 
plus or minus 
5% error. 

All five of the 
estimates are 
within a 
margin of 
plus or minus 
5% error. 
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ACTIVITY 2.5: DENSITY/AREA VERIFICATION GRADING RUBRIC 
 
Assignment: Each small group will be assigned a scenario in which students will approve or reject the submittals 
and justify their decisions. 
 
The table below details the point distribution for Activity 2.5. (Maximum points: 4.) 
 
 

Element of 
performance 

No 
submission 

0 points 
Deficient 
1 point 

Acceptable 
2 points 

Excellent 
3 points 

Exemplary 
4 points 

Approval or 
rejection 
decisions for five 
scenarios. 

No approval or 
rejection 
decisions 
submitted. 

No reasonable 
justifications 
are provided. 

Decision for 
the assigned 
scenario is 
appropriate but 
justifications 
do not support 
the decision. 

Decision and 
justifications for 
the assigned 
scenario are 
appropriate, but 
additional 
explanation is 
required. 

Decision for the 
assigned scenario 
is appropriate and 
reasonable 
justifications are 
provided. 
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ACTIVITY 3.4: WATER SUPPLIES FOR SPRINKLER SYSTEMS GRADING RUBRIC 
 
Assignment:  
 
• Identify the duration (in minutes) of the required water supply. 
• Calculate the total volume (in gallons) of the required water supply. 
 
The table below details the point distribution for Activity 3.4. (Maximum points: 6.) 
 
 

Element of 
performance 

No 
submission 

0 points 
Deficient 
1 point 

Developing 
2 to 3 points 

Acceptable 
4 points 

Excellent 
5 points 

Exemplary 
6 points 

Determining 
the total water 
supply needed 
in five 
examples. 

No 
submission. 

Calculations 
were 
submitted, 
but none of 
the 
calculations 
are within a 
margin of 
plus or minus 
5% error. 

One or two of 
the calculations 
are within a 
margin of plus 
or minus 5% 
error. 

Three of the 
calculations 
are within a 
margin of 
plus or minus 
5% error. 

Four of the 
calculations 
are within a 
margin of 
plus or 
minus 5% 
error. 

All five of 
the 
calculations 
are within a 
margin of 
plus or 
minus 5% 
error. 
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ACTIVITY 6.1: VERIFYING ADJUSTED REMOTE AREAS GRADING RUBRIC 
 
Assignment: Students will read five scenarios to verify the appropriateness of the adjusted remote areas and provide 
calculations for new remote area size. 
 
The table below details the point distribution for Activity 6.1. (Maximum points: 6.) 
 
 

Element of 
performance 

No 
submission 

0 points 
Deficient 
1 point 

Developing 
2 points 

Acceptable 
3 to 4 points 

Excellent 
5 points 

Exemplary 
6 points 

Calculation of 
new remote 
area size. 

No 
submission. 

Calculations 
are attempted 
but no correct 
remote area 
sizes are 
provided. 

One of the 
calculations 
is within a 
margin of 
plus or minus 
5% error. 

Two or three 
of the 
calculations 
are within a 
margin of plus 
or minus 5% 
error. 

Four of the 
calculations 
are within a 
margin of 
plus or minus 
5% error. 

Five of the 
calculations 
are within a 
margin of 
plus or 
minus 5% 
error. 
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ACTIVITY 6.2: DETERMINING THE MINIMUM LENGTH OF REMOTE AREA AND THE MINIMUM 
NUMBER OF SPRINKLERS IN THE REMOTE AREA GRADING RUBRIC 

 
Assignment: Given the remote areas (five) in a list, students will calculate the minimum length in feet and calculate 
the minimum number of sprinklers required in the remote area. 
 
The table below details the point distribution for Activity 6.2. (Maximum points: 5.) 
 
 

Element of 
performance 

No 
submission 

0 points 
Deficient 
1 point 

Developing 
2 points 

Acceptable 
3 points 

Excellent 
4 points 

Exemplary 
5 points 

Minimum 
length and 
number of 
sprinklers 
required. 

No 
submission. 

Calculations 
are attempted 
but no correct 
data is 
provided. 

Minimum 
length and 
number of 
sprinklers 
required are 
correctly 
calculated for 
one remote 
area size. 

Minimum 
length and 
number of 
sprinklers 
required are 
correctly 
calculated for 
two remote 
area sizes. 

Minimum 
length and 
number of 
sprinklers 
required are 
correctly 
calculated for 
three remote 
area sizes. 

Minimum 
length and 
number of 
sprinklers 
required are 
correctly 
calculated 
for four or 
more remote 
area sizes. 
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ACTIVITY 7.2: HYDRAULIC CALCULATIONS GRADING RUBRIC 
 
Assignment: Students will evaluate the provided calculations. 
 
The table below details the point distribution for Activity 7.2. (Maximum points: 15.) 
 
 

Element of 
performance 

No 
submission 

0 points 

Deficient 
1 to 3 
points 

Developing 
4 to 6 
points 

Acceptable 
7 to 9 
points 

Excellent 
10 to 12 
points 

Exemplary 
13 to 15 
points 

Hydraulic 
calculations. 

No 
submission. 

One to two 
incorrect 
calculation 
entries are 
appropriately 
identified. 

Three to four 
incorrect 
calculation 
entries are 
appropriately 
identified. 

Five to seven 
incorrect 
calculation 
entries are 
appropriately 
identified. 

Eight to 10 
incorrect 
calculation 
entries are 
appropriately 
identified. 

Eleven or 
more 
incorrect 
calculation 
entries are 
appropriately 
identified. 
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SCHEDULE 
 

TIME DAY 1 DAY 2 

8:00 - 9:00 
 
Introduction, Welcome and Administrative 
 

Unit 3: Water Supplies and Delivery Systems 

9:00 - 9:10 Break Break 

9:10 - 10:40 

 
Unit 1: Preparing for Plans Review 
 
Activity 1.1: Drawing/Grid Details 
 

Activity 3.1: Available Stored Water Supply 

10:40 - 10:50 Break Break 

10:50 - 11:55 Activity 1.2: National Fire Protection 
Association 13 Working Plan Details 

 
Activity 3.2: Verifying National Fire 
Protection Association 24 Compliance 
 
Activity 3.3: Water Supply Effective Point 
 

11:55 - 12:55  Lunch Lunch 

12:55 - 2:20 

 
Activity 1.3: Finding Gaps in Submittal 
Packages 
 
Unit 2: Hazard Classification 
 
Activity 2.1: National Fire Protection 
Association 13, Sprinkler Hazard 
Classifications (Part 1) 
 

Activity 3.4: Water Supplies for Sprinkler 
Systems 
 
Unit 4: System Components and Materials 

2:20 - 2:35 Break Break 

2:35 - 5:00 

 
Activity 2.2: National Fire Protection 
Association 13, Sprinkler Hazard 
Classifications (Part 2) 
 
Activity 2.3: Density/Area Curves  
 
Activity 2.4: “Real World” Impacts 
 
Activity 2.5: Density/Area Verification 
 

Activity 4.1: Verification Between Plans and 
Equipment Submittal 
 
Activity 4.2: Determining Sprinkler Water 
Flows 

 
Note: This schedule is subject to modification by the instructors and approved by the training 
specialist. 
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TIME DAY 3 DAY 4 

8:00 - 9:00 
 
Unit 5: Fire Sprinkler System Layout 
 

Unit 6: Hydraulic Remote Design Areas 

9:00 - 9:10 Break Break 

9:10 - 10:40 Activity 5.1: Building Construction 

 
Activity 6.1: Verifying Adjusted Remote 
Areas 
 

10:40 - 10:50 Break Break 

10:50 - 11:55 Activity 5.2: Verify Sprinkler Spacing 

 
Activity 6.2: Determining the Minimum 
Length of Remote Area and the Minimum 
Number of Sprinklers in the Remote Area 
 

11:55 - 12:55  Lunch Lunch 

12:55 - 2:20 Activity 5.3: Obstructed Construction 

 
Unit 6: Hydraulic Remote Design Areas 
(cont’d)  
 
Unit 7: Evaluating Sprinkler Hydraulic 
Calculations 
 

2:20 - 2:35 Break Break 

2:35 - 4:00 Activity 5.4: Compartments and Small 
Rooms 

 
Unit 7: Evaluating Sprinkler Hydraulic 
Calculations (cont’d) 
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TIME DAY 5 

8:00 - 9:00 
 
Activity 7.1: Formula Exercise 
 

9:00 - 9:10 Break 

9:10 - 10:40 
 
Activity 7.2: Hydraulic Calculations 
 

10:40 - 10:50 Break 

10:50 - 11:55 

 
Activity 7.2: Hydraulic Calculations (cont’d) 
 
Activity 7.3: Reviewing Calculations for 
Plans 
 

11:55 - 12:55  Lunch 

12:55 - 2:20 

 
Activity 7.3: Reviewing Calculations for 
Plans (cont’d) 
 

2:20 - 2:35 Break 

2:35 - 4:00 

 
Course Review 
 
Final Exam 
 
Course evaluation 
 
Course graduation 
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UNIT 1: 
PREPARING FOR PLANS REVIEW 

 
 
 

TERMINAL OBJECTIVE 
 
The students will be able to: 
 
1.1 Evaluate the materials for completeness and compliance with locally and nationally recognized design 

standards given a sample fire sprinkler plans submittal package. 
 
 

ENABLING OBJECTIVES 
 
The students will be able to: 
 
1.1 Conclude if the appropriate National Fire Protection Association (NFPA) standards specific to sprinkler and 

standpipe systems are selected. 
 
1.2 Explain plan symbols, notes and details found on the site drawings and the shop drawings. 
 
1.3 Validate the basic submittal package for compliance with locally adopted rules and standards, or special 

rulings. 
 
1.4 Identify special supplemental information that may be required. 
 
1.5 Evaluate the basic submittal package completeness to approve or reject the submittal. 
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UNIT 1:
PREPARING FOR PLANS 

REVIEW
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TERMINAL OBJECTIVE
Evaluate the materials for completeness and 
compliance with locally and nationally 
recognized design standards given a sample 
fire sprinkler plans submittal package.
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ENABLING OBJECTIVES
• Conclude if the appropriate National Fire 

Protection Association (NFPA) standards 
specific to sprinkler and standpipe systems 
are selected.

• Explain plan symbols, notes and details 
found on the site drawings and the shop 
drawings.
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ENABLING OBJECTIVES (cont’d)
• Validate the basic submittal package for 

compliance with locally adopted rules and 
standards, or special rulings.

• Identify special supplemental information 
that may be required.

• Evaluate the basic submittal package 
completeness to approve or reject the 
submittal.
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PROJECT ORIENTATION

SHEET F-1
GRID R-18

• Sheet numbers.
– S.
– C.
– FP.
– E.

 

  
  
  
  
  
  
  
  
  
  
  

 
A. Sheet/Drawing numbers: General industry practice is to use the first letter to 

identify the sheet’s primary content: 
 

1. S = Site plan. 
 

2. C = Civil drawings. 
 

3. F or FP = Fire protection. 
 

4. A = Architectural. 
 

5. P = Plumbing. 
 

6. E = Electrical. 
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7. M = Mechanical. 
 

8. L = Landscaping. 
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PROJECT ORIENTATION (cont’d)

SHEET F-1
GRID A-1

• Grid coordinates.

 

  
  
  
  
  
  
  
  
  
  
  

 
B. Plan grid coordinates are used to quickly find plan details. 
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SHEET F-2
GRID N-10

SHEET F-3
GRID N-9

• Views.
– Plan.
– Section.
– Elevation.

PROJECT ORIENTATION (cont’d)

 

  
  
  
  
  
  
  
  
  
  
  

 
C. Common “views” are: 

 
1. Plan view: as if looking down from above with the roof removed. 

 
2. Section view: as if there is an imaginary “slice” through the building. 

 
3. Elevation view: a building rendering of the outside walls. (There are none 

in this plans set.) 
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SHEET F-4
GRID A-18

– Isometric.
– Details.

PROJECT ORIENTATION (cont’d)

 

  
  
  
  
  
  
  
  
  
  
  

 
4. Isometric or orthographic view: sometimes called “three-dimensional” to 

add perspective. (There are none in this plans set.) 
 

5. Details: enlargements of specific information to provide greater clarity. 
 

Examples found on (Sheet F-1, B/I-17/23): finished sprinkler heads. 
 

6. Additional details can be found on: 
 

a. Examples found on (Sheet F-3, M/Q-2/6): “Rooster tail.” 
 

b. Examples found on (Sheet F-4): hangers, bracing, pipe. 
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SHEET F-2
GRID B-9

SHEET F-3
GRID N-9

• Reference symbols and sections.

PROJECT ORIENTATION (cont’d)

 

  
  
  
  
  
  
  
  
  
  
  

 
D. Reference symbols (Sheet F-2, B-9). 

 
1. These reference symbols are used to coordinate elements from various 

views to help the installer and reviewer understand the plans. (The 
following note pertains to the restaurant grid coordinate system added by 
the sprinkler designer.) 
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2. Reference symbols having the circle with the letter “B” in the circle above 
the “F-3” explain to the installer and reviewer that another view of this 
element can be found at Detail B on Sheet F-3. 

 
E. Sections (Sheet F-3, N-9). 

 
Enable building or ceiling heights to be determined. 
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SHEET F-3
GRID L-11

• Branch line restraint detail.

PROJECT ORIENTATION (cont’d)

 

  
  
  
  
  
  
  
  
  
  
  

 
F. Branch line restraint detail (Sheet F-3, L-11). 

 
Shows how branch lines will be supported by the structure. 
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Photo Courtesy of ATF

SHEET F-1
GRID P-18

• Project name and 
address.

• Contractor’s name/ 
contact information.

PROJECT ORIENTATION (cont’d)

 

  
  
  
  
  
  
  
  
  
  
  

 
G. Project name and address (Sheet F-1, P-18). 

 
This information is repeated on sheets F-1 through F-4. 

 
H. Installing contractor’s name and contact information (Sheet F-1, Q/R-18 to 23). 
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1. License number (if required). 
 

2. Designer stamps and seals (if required). 
 

a. Contractor licensure and plans that are stamped or sealed by the 
designer are a state or local requirement. National Fire Protection 
Association (NFPA) 13, Standard for the Installation of Sprinkler 
Systems, does not require either one. 

 
b. Inspectors should confirm with their state or local licensing agencies 

whether these credentials are required. 
 

c. There is more discussion on this later in this unit. 
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SHEET F-1
GRID A-23

SHEET F-1
GRID N-23

Photo Courtesy of ATF
SHEET F-1
GRID Q-26

• North arrow.
• Scale. 
• Notes.

– Revisions.

PROJECT ORIENTATION (cont’d)

 

  
  
  
  
  
  
  
  
  
  
  

 
I. North arrow and scale. 

 
1. A north arrow should be included to help reviewers become oriented to the 

project’s location and arrangement. 
 

2. Scale is used to measure distances and lengths. 
 

a. Site plans generally are done with “engineering” scales because of 
the longer distances represented (Sheet F-1, N-23). 

 
b. Building drawings generally are done with “architectural” scales for 

more precision. Examples found on (Sheets F-2 and F-3, M/O-
24/27). 

 
3. Dimensions provided on plans always take precedence over scaled 

dimensions. 
 

J. General notes (Sheet F-1, A-23). 
 

1. General notes often accompany plans to provide overall project description 
and information that may not appear graphically on the drawings. 
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2. General notes routinely are copied from one set of plans to another, so 
careful attention to detail is important to confirm that the notes pertain to 
the project that is being reviewed. 

 
3. It is common to find general notes transferred from another project that 

reference out-of-date code and standard editions, codes and standards from 
other jurisdictions, and requirements that reference other codes and 
standards such as NFPA 20, Standard for the Installation of Stationary 
Pumps for Fire Protection; NFPA 24, Standard for the Installation of 
Private Fire Service Mains and Their Appurtenances; and NFPA 22, 
Standard for Water Tanks for Private Fire Protection. 

 
4. General notes are as much of the project as the plans and should be enforced. 

 
a. It is common to find notes such as “All hangers in accordance with 

NFPA 13” or “Valve supervision in accordance with NFPA 13 and 
NFPA 72” and not include the details on the plans. 

 
b. Students are encouraged to reject these vague notes because the 

responsibility for compliance falls on the installer and inspector. It 
is the designer’s responsibility to include this information on the 
plans. 

 
K. Revisions (Sheets F-1 through F-4, P/R-26/28). 

 
1. Included to describe changes to the original drawing. 

 
2. There is no standard revision labeling the method employed; designers are 

free to choose their own method. 
 

On this set, they are numbered, dated and marked on plans with a triangle. 
 

3. Often demarcated on the drawing with a cloud. 
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Photo Courtesy of ATF
Photo courtesy of Integra Code Consultants

SHEET F-1
GRID L-12

• Legends.
• Symbols.

PROJECT ORIENTATION (cont’d)
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L. Legends (Sheet F-1, L-12). 
 

1. Provide tabular format to explain additional information. 
 

2. On this submittal, the “Equipment and Device Legend” provides a list of 
fire protection system components that will be provided. Often, information 
on equipment and devices will be provided only as manufacturer’s product 
literature in the project submittal. 

 
M. Symbols (Sheet F-1, L-12). 

 
1. Labeled on this plan as “Nomenclature.” 

 
2. Symbols are visual representations of the various components that will 

appear in the final installation. Note that while NFPA 170, Standard for 
Fire Safety and Emergency Symbols, is a referenced document within 
NFPA 13, industry practices do not always comply with it, and designers 
often use their own symbol sets. 
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• Sprinkler schedule.
– Models.
– Symbols.

SHEET F-1
GRID B-18

PROJECT ORIENTATION (cont’d)

 

  
  
  
  
  
  
  
  
  
  
  

 
N. Sprinkler schedule (Sheet F-1, B-18). 

 
1. Make/Model/Orientation. 

 
2. Plan symbol. 

 
3. Sprinkler Identification Number (SIN). 

 
SIN will be explained in more detail in Unit 6: Hydraulic Remote Design 
Areas and Unit 7: Evaluating Sprinkler Hydraulic Calculations. 
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• Flow test data.

SHEET F-1
GRID P-15

PROJECT ORIENTATION (cont’d)

 

  
  
  
  
  
  
  
  
  
  
  

 
O. Water flow test data (Sheet F-1, P-15). 

 
1. Pressure and flow. 

 
2. Test date. 

 
3. Test location. 

 
4. Testing entity. 
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• Test site.

SHEET F-1
GRID C-9

PROJECT ORIENTATION (cont’d)

 

  
  
  
  
  
  
  
  
  
  
  

 
P. Test site (Sheet F-1, C-9). 

 
1. Verify proximity to the project site. 

 
2. Confirm that it is taken from the same water distribution system. 
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• Sprinkler tap.
– “Lead in.”

• Fire department 
connection 
(FDC).

SHEET F-1
GRID F-9

PROJECT ORIENTATION (cont’d)

 

  
  
  
  
  
  
  
  
  
  
  

 
Q. Fire department connection (FDC) and sprinkler tap or “lead in” (Sheet 1, F-9). 

 
The point where the underground supply line connects to the supply and enters the 
building. 
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• Coordinate transition.
– Designer’s option.

SHEET F-2
GRID A-2

PROJECT ORIENTATION (cont’d)
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• Sprinkler distribution.

SHEET F-2
GRID P-14

PROJECT ORIENTATION (cont’d)
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R. Sprinkler distribution (Sheet F-2, P-14). 
 

1. Make, model. 
 

2. Orientation (type). 
 

3. K-factor. 
 

4. Cover plate color. 
 

5. Temperature rating. 
 

6. Plan symbol. 
 

7. Number of sprinklers per plan sheet. 
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• Pipe descriptors.
– Feed main.
– Cross main.
– Branch line.

Feed main

Cross main

Branch line

SHEET F-2
GRID D-15

PROJECT ORIENTATION (cont’d)

 

  
  
  
  
  
  
  
  
  
  
  

 
S. Pipe descriptors (Sheet F-2, D-15). 

 
1. Feed mains. 

 
a. Pipes supplying cross mains. 

 
b. Also called bulk mains or express mains. 

 
2. Cross mains. 

 
Pipes supplying the branch lines. 

 
3. Branch lines. 

 
Pipes supplying sprinklers. 
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– Base-of-riser.

Base-of-riser

SHEET F-4
GRID H-5

PROJECT ORIENTATION (cont’d)

 

  
  
  
  
  
  
  
  
  
  
  

 
4. Base-of-riser (Sheet F-4, H-5). 
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• Pipe size identification.

Nominal pipe 
dimension

Pipe length

Center-to-center dimension
SHEET F-2
GRID E-13

PROJECT ORIENTATION (cont’d)

 

  
  
  
  
  
  
  
  
  
  
  

 
T. Pipe size identification (Sheet F-2, E-13). 

 
1. Call-out describes two values: 

 
a. Upper value is pipe nominal dimension (1 1/4 inches). 

 
b. Lower value is length in feet and inches (1 foot, 10 inches). 

 
2. Dotted lines represent center-to-center measurements between sprinklers 

(10 feet). 
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• Fittings. Elbow

Tee

End cap

Hanger

SHEET F-2
GRID C-13

PROJECT ORIENTATION (cont’d)

 

  
  
  
  
  
  
  
  
  
  
  

 
U. Fittings (Sheet F-2, C-13). 

 
1. Pipe hanger (diagonal line across branch line). 

 
2. Tee. 

 
3. Elbow. 

 
4. End cap (for internal pipe inspection). 

 
5. Verifying that the fittings shown on the plans correspond with the “as-built” 

conditions is important because of their potential impact on the hydraulic 
calculations. 
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• Seismic and riser bracing.
Lateral seismic brace

Four-way seismic and riser braceSHEET F-2
GRID C-15

PROJECT ORIENTATION (cont’d)

 

  
  
  
  
  
  
  
  
  
  
  

 
V. Seismic and riser bracing (Sheet F-2, C-15). 

 
1. Seismic bracing to prevent sprinkler pipe movement is common in the 

western United States where earthquakes are common, but it is rare east of 
the Mississippi River. 
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2. While the sprinkler design standards describe how to install seismic 
bracing, students should refer to their local building codes to learn where 
and when it is required. 

 
3. Four-way seismic or riser brace. 

 
A four-way brace is required at the top of all risers, regardless if the rest of 
the system requires seismic bracing. 

 
4. Lateral seismic brace. 

 
5. Longitudinal seismic braces are represented by double-arrow lines parallel 

to the sprinkler pipe (not shown on this detail). 
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• Hydraulic reference points.

SHEET F-2
GRID J-15

PROJECT ORIENTATION (cont’d)

 

  
  
  
  
  
  
  
  
  
  
  

 
W. Hydraulic reference points (nodes) (Sheet F-2, J-15). 

 
Identify the point in the water flow where something affects pressure and volume. 

 
1. Sprinkler discharge. 

 
2. Elbows. 

 
3. Tees. 

 
4. Fittings. 
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• Installer symbols.

SHEET F-2
GRID J-15

PROJECT ORIENTATION (cont’d)

 

  
  
  
  
  
  
  
  
  
  
  

 
X. Installer symbols and notes (Sheet F-2, J-15). 

 
1. These are often notes or comments from the designer to the installer to 

ensure that the correct pipe is installed in the correct location. 
 

2. Pre-cut pipe from a production facility may be marked for identification 
with numbers, colors or another identifier. 
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• Remote area description.

SHEET F-2
GRID M-15

PROJECT ORIENTATION (cont’d)

 

  
  
  
  
  
  
  
  
  
  
  

 
Y. Remote area description. 

 
Note: Remote area describes the portion of the sprinkler system where it is 
hydraulically most difficult to deliver water at adequate volume and pressure. 

 
1. Includes details on how the hydraulic remote area was determined. 
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• Hydraulic remote area.

Photo Courtesy of ATF

SHEET F-2
GRID H-16

PROJECT ORIENTATION (cont’d)

 

  
  
  
  
  
  
  
  
  
  
  

 
2. Dining room hydraulic remote area (Sheet F-2, H-16). 

 
3. Generally demarcated with dashed lines. 

 
This drawing set has four hydraulic remote areas.  

 
a. The restaurant dining area. 

 
b. Retail A-2 at the west end of the building. 

 
c. South half of the retail area (shell space). 

 
d. Exterior covered storage. 
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• Underground lead-in.

Section view

SHEET F-4
GRID I-6

Plan view

SHEET F-1
GRID F-9

PROJECT ORIENTATION (cont’d)

 

  
  
  
  
  
  
  
  
  
  
  

 
Z. Equipment details (Sheet F-1, F-9 and Sheet F-4, I-6). 

 
1. Supply water main (lead-in) in plan and section views. 
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• Riser.
– Backflow prevention.
– Controls.
– Drains.

SHEET F-4
GRID A-1

PROJECT ORIENTATION (cont’d)

 

  
  
  
  
  
  
  
  
  
  
  

 
2. Riser (Sheet F-4, A-1). 

 
a. Primary control point for sprinkler system. 

 
b. May include: 

 
- Backflow prevention device. 

 
- Sprinkler main controls. 

 
- Main drain/test drain. 

 
- Gauges. 

 
- Signs. 

 
-- Hydraulic nameplate. 

 
-- General design data sign. 
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6-in. lead-in

Reducing flange

Capped tee

Pipe 
stand2-in. elbow 

drain to outside

Ball-valve main drain

Tee to fire department 
connection (FDC)

2-in. main drain
Backflow device

PROJECT ORIENTATION (cont’d)
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3. Lower riser components. 
 

a. Six-inch underground supply (lead-in). 
 

b. Six-inch by 3-inch reducing flange. 
 

c. Six-inch tee with cap for flushing underground main. 
 

d. Backflow prevention device with supervised indicating valves at 
both ends. 

 
e. Tee outlet to FDC. 

 
f. Pipe stand to support backflow preventer and base-of-riser. 

 
g. Two-inch main drain line with quarter-turn ball valve control. 

 
h. Two-inch main drain line. 

 
i. Two-inch elbow to allow main drain to discharge outdoors. 
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Height
Above 

Finished 
Floor(AFF)

2-in. main drain ball 
valve

Site glass

Inspector’s test

Pressure 
gauge

Four-way riser 
restraint

Hydraulic 
nameplate

Waterflow alarm 
assembly

PROJECT ORIENTATION (cont’d)

 

  
  
  
  
  
  
  
  
  
  
  

 
4. Upper riser information and components. 

 
a. Height measurements Above Finished Floor (AFF). 

 
- Be aware that “AFF” is a common abbreviation you will see 

on fire protection system plans. 
 

b. Site glass for viewing main drain discharge. 
 

c. Inspector’s test assembly. 
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d. Water pressure gauge. 
 

e. Four-way riser restraint to prevent riser movement and provide 
seismic bracing. 

 
f. Hydraulic nameplate. 

 
g. Electronic waterflow assembly (flow switch). 

 
h. Two-inch main drain ball valve. 
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• Riser review.

SHEET F-4
GRID A-1

PROJECT ORIENTATION (cont’d)
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Section View

Electric bell

FDC

Main drain outlet

Splash block

Automatic drain

Check valve

Spare sprinkler 
cabinet

SHEET F-4
GRID C-8

Plan View
SHEET F-1
GRID F-9

PROJECT ORIENTATION (cont’d)

 

  
  
  
  
  
  
  
  
  
  
  

 
AA. FDC elevation (Sheet F-1, F-9 and Sheet F-4, C-8). 

 
1. Electric waterflow alarm bell mounted outdoors.  

 
2. Spare sprinkler cabinet. 

 
3. Check valve in FDC line. 
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4. Automatic drain valve assembly for FDC line. 
 

5. Splash block to prevent damage during main drain tests. 
 

6. Main drain outlet. 
 

7. FDC. 
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• Hangers.

SHEET F-4
GRID M-11

PROJECT ORIENTATION (cont’d)

 

  
  
  
  
  
  
  
  
  
  
  

 
BB. Hanger details (Sheet F-4, M-11). 

 
1. Hangers connect sprinkler pipe to structural supports. 

 
2. Generally, one hanger for each piece of pipe. 
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• Bracing.

SHEET F-4
GRID A-12

PROJECT ORIENTATION (cont’d)

 

  
  
  
  
  
  
  
  
  
  
  

 
CC. Sway or seismic bracing details (Sheet F-4, A-12). 

 
1. Where required by seismic analysis or building code, allow sprinkler pipe 

to move synchronously with building during earthquakes. 
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2. Attached to feed and cross mains. 
 

3. Bracing is installed: 
 

a. Four-way: at riser tops. 
 

b. Laterally: perpendicular to sprinkler pipe. 
 

c. Longitudinally: parallel to sprinkler pipe. 
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ACTIVITY 1.1 
 

Drawing/Grid Details 
 
Purpose 
 
Orient students with grid and drawing designations. 
 
 
Directions  
 
Using The Learning Square plans, work in your group to answer the following questions. Be 
prepared to explain your group’s answers to the class. 
 
1. On Sheet F-1, what appears near the grid coordinates of C-9? 
 

  
 
  
 
  

 
2. On Sheet F-1, along the 10-inch DI underground main along grid line A, what does the 

symbol at intersecting point 12 most nearly represent? 
 

  
 
  
 
  

 
3. On Sheet F-3, the kitchen ceiling elevation can be found nearest which grid coordinates? 
 

  
 
  
 
  

 
4. On Sheet F-2, what is the nearest grid coordinate for the sprinkler system FDC for retail 

(shell space)? 
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5. On Sheet F-1, near the grid coordinates E/F-8/9, what does the hexagonal symbol 
represent? 

 
  
 
  
 
  

 
6. On Sheet F-2, what is the value of the number inside the calculation designation symbol 

at grid coordinates J/K-19? 
 

  
 
  
 
  

 
7. What piece of equipment can be found between grid lines D and E and intersecting points 

18 and 19 on Sheet F-2? 
 

  
 
  
 
  

 
8. Sheet F-1 includes a “line designation symbol.” Using those symbols, what note can be 

found at the grid coordinates of E/F-22 of Sheet F-2? 
 

  
 
  
 
  

 
9. On Sheet F-1, near the grid coordinates of I-9, what does the solid triangle represent? 
 

  
 
  
 
  

 
10. On Sheet F-2, what piece of equipment can be found nearest the grid coordinates 13-C? 
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II. PROPERLY SUBMITTED PLANS 
 

Slide 1-38

PLANS SUBMITTAL
• Quality affects review 

accuracy and time.
• Materials to be:

– Legible with suitable, 
standard scale.

– Detailed to make 
informed decisions.

 

  
  
  
  
  
  
  
  
  
  
  

 
A. Plans submittal. 

 
1. The quality of the submitted plans affects the quality of the plans review 

and ability to shorten turnaround time. 
 

2. Plans must be legible with a suitable and standard scale. 
 

3. Plans must be detailed so the reviewer can make informed decisions. 
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SUBMITTAL PACKAGES
• Does your organization have a policy or 

standard on minimum contents?
– If so, what are the minimum contents 

required?

Photo courtesy of Integra Code Consultants Photo courtesy of Integra Code Consultants

 

  
  
  
  
  
  
  
  
  
  
  

 
B. Submittal packages. 
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SUBMITTAL PACKAGES (cont’d)
• Permit application.
• Plans.
• Product information.
• Hydraulic calculations.
• Special reports, notes or conditions.
• Signed Owner’s Certificate.

 

  
  
  
  
  
  
  
  
  
  
  

 
1. Permit application. 

 
2. Plans. 

 
3. Product information. 

 
Manufacturers’ published product information is an important part of the 
submittal. This will allow the code official to find more information about 
the uses and limits of materials and equipment that are shown on the plans. 

 
4. Hydraulic calculations. 

 
5. Special reports, notes or conditions. 

 
6. Signed Owner’s Certificate. 
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SUBMITTAL PACKAGES (cont’d)
• Prepared by “registered 

design professional” if 
required.
– Architect, engineer.
– State or local licensure.
– National Institute for 

Certification in Engineering 
Technologies (NICET) 
certification.

• Who approves 
“qualifications”?

 

  
  
  
  
  
  
  
  
  
  
  

 
7. Plans may have to be prepared by a “registered design professional” if 

required by local and state laws. Verify state or local licensure if necessary. 
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Examples: 
 

a. Professional architect or engineer. 
 

b. State or locally licensed fire protection specialist. 
 

c. National Institute for Certification in Engineering Technologies 
(NICET) designer. 
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• Water condition report.
– Microbiologically 

influenced corrosion 
(MIC).

– Chemical corrosivity.
– Salinity.

• Water flow test report.
– Pressure.
– Volume.

• Hanger engineering analysis.
Photo courtesy of USFA

SUBMITTAL PACKAGES (cont’d)

 

  
  
  
  
  
  
  
  
  
  
  

 
8. Where special conditions exist, the code official may require additional 

documents to be prepared by the design professionals. 
 

a. Water condition report of conditions that might affect pipe and 
equipment performance. 

 
- Microbiologically influenced corrosion (MIC). 

 
- Chemical corrosivity. 

 
- Salinity. 

 
b. Water flow test report. 

 
- Pressure. 

 
- Volume. 

 
c. Hanger engineering analysis to verify: 

 
- Structural ability to handle loads. 

 
- Hanger placement on trusses and other supports. 
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Slide 1-43

• Special rulings.
– Insurance carrier.
– Owner.
– Code official.

• Seismic analysis.
• Inerting system 

requirements.
• Required or 

optional system. Photo courtesy of Integra Code Consultants

SUBMITTAL PACKAGES (cont’d)

 

  
  
  
  
  
  
  
  
  
  
  

 
d. Special rulings from other sources. 

 
- Insurance carrier may require additional protection features 

based on the risk they are underwriting. 
 

- Owner may have special design criteria or spacing 
requirements for the systems. 

 
- Code official may require additional fire protection. 

 
-- Water supplies. 

 
-- Hose stations. 

 
e. Seismic analysis. 

 
- Seismic bracing may be required depending upon the 

building’s underlying soil conditions.  
 

f. Inerting system requirements. 
 

- Where MIC analysis results in recommendations that an 
inerting system be added, the details should be included. 

 
g. Verification or statement that the system is required by code or is 

optional. 
 

- Systems that are installed for code compliance, exceptions 
to code compliancy or alternate methods for code 
compliance are required systems. 

 
- Nonrequired systems may be installed, but must meet fire 

and building code requirements.  
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III. GENERAL INFORMATION PROVIDED 
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OWNER’S CERTIFICATE
• For designer:

– Building’s intended use.
– Preliminary plan and design concepts.
– Special water supply knowledge.

• Signed copy included in project submittal.

 

  
  
  
  
  
  
  
  
  
  
  

 
A. Owner’s Certificate — for designer: 

 
1. Building’s intended use. 

 
a. Storage heights. 

 
b. Hazardous materials or operations. 

 
2. Preliminary plan and design concepts. 

 
a. Building layout. 

 
b. Construction type. 

 
c. Areas needing special attention. 

 
3. Special water supply knowledge. 

 
a. MIC. 

 
b. Quality. 

 
c. Duration. 

 
4. NFPA 13 requires a signed copy of the Owner’s Certificate to be included 

in the plans submittal package. 
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PRODUCT LITERATURE
• Manufacturer’s 

literature.
– Cut sheets.

• Installation and listing 
details:
– Sprinklers.
– Valves.
– Pipe.
– Fittings.
– Attachments.

 

  
  
  
  
  
  
  
  
  
  
  

 
B. Product literature. 

 
1. Manufacturer’s literature. 

 
Cut sheets/technical bulletins. 

 
2. Installation and listing details. 

 
a. Sprinklers. 

 
b. Valves. 

 
c. Pipe. 

 
d. Fittings. 

 
e. Attachments. 
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LISTINGS
• Underwriters Laboratories 

(UL)/Underwriters Laboratories
of Canada (ULC).

• Factory Mutual (FM) 
Global.

• Nationally Recognized 
Testing Laboratories 
(NRTLs).

• City and state agencies.
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3. Listings. 
 

a. Underwriters Laboratories (UL)/Underwriters Laboratories of 
Canada (ULC). 

 
b. Factory Mutual (FM) Global. 

 
c. Nationally Recognized Testing Laboratories (NRTLs). 

 
d. City and state agencies. 
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CALCULATIONS
• Summary sheet.

– Worksheets.
– Hydraulic demand for 

specific hazard.
– Standard format.

 

  
  
  
  
  
  
  
  
  
  
  

 
4. Calculations — summary sheet should include: 

 
a. Standard format. 

 
b. Cover sheet. 

 
c. Water supply analysis. 

 
d. Explanation/Legend of abbreviations. 
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FLOW TEST REPORT
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5. Flow test report. 
 

a. Contractor is responsible for performing. 
 

b. No specific time before working plans are submitted. 
 

- Code official may require the test to be conducted within a 
specific period of time to ensure that the data reflect current 
conditions. 

 
c. Location: same water distribution network that supplies the system. 

 
- Occasionally, water from different distribution networks or 

service zones may be installed near the same project. It is 
essential that the test report be conducted on the distribution 
system that will supply the sprinklers. 
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ACTIVITY 1.2 
 

National Fire Protection Association 13 Working Plan Details 
 
Purpose 
 
Identify working plans information and details required by NFPA 13. 
 
 
Directions 
 
1. Annex A of NFPA 13 includes a list of items that pertain to the system design and must 

appear on a set of fire sprinkler plans. The entire list has been divided into four small 
group lists.   

 
2. Using the checklist provided, work in your group and identify those items that appear on 

The Learning Square plans and supporting documents assigned to your group. 
 
3. Place a check mark in the box next to the described item. Be prepared to explain your 

group’s answers to the class. 
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ACTIVITY 1.2 (cont’d) 
 

National Fire Protection Association 13 Working Plan Details Worksheet 
 
Group 1 
 

☐ Name and address of contractor. 
 

☐ Other water sources. 
 

☐ Private fire service main sizes, lengths, 
locations, weights, materials, point of 
connection to city main; the sizes, types 
and locations of valves, valve indicators, 
regulators, meters and valve pits; and the 
depth that the top of the pipe is laid 
below grade. 

 

☐ Minimum rate of water application 
(density or flow or discharge pressure), 
the design area of water application, in-
rack sprinkler demand and the water 
required for hose streams both inside and 
outside. 

 

☐ Any small enclosures in which no 
sprinklers are to be installed. 

 

☐ Ceiling/Roof heights and slopes not 
shown in the full-height cross section. 

 

☐ Full-height cross section. 
 

☐ Relative elevations of sprinklers, junction 
points, and supply or reference points. 

 

☐ Location and size of riser nipples. 
 

☐ Partition locations. 
 

☐ Calculation of loads for sizing and details 
of sway bracing. 

 

☐ Kind and location of alarm bells. 
 

☐ Total number of sprinklers on each 
system. 

 

 Group 2 
 
☐ Hydraulic reference points shown on the 

plan. 
 
☐ A graphic representation of the scale 

used on all plans. 
 
☐ Size and location of standpipe risers, 

hose outlets, hand hose, monitor nozzles 
and related equipment. 

 
☐ Size, location and piping arrangement of 

FDCs. 
 
☐ Sprinkler make, type, model and 

nominal K-factor. 
 
☐ Total quantity of water and the pressure 

required noted at a common reference 
point for each system. 

 
☐ If room design method is used, all 

unprotected wall openings throughout 
the floor protected. 

 
☐ Point of compass. 
 
☐ Total area protected by each system on 

each floor. 
 
☐ Make, type, model and size of preaction 

or deluge valve. 
 
☐ Ceiling and roof heights. 
 
☐ Location, with street address. 
 
☐ City main size and dead-end or 

circulating. 
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Group 3 
 
☐ Occupancy class of each room. 
 
☐ For hydraulically designed systems, the 

information on the hydraulic data 
nameplate. 

 
☐ Approximate capacity in gallons of each 

dry pipe system. 
 
☐ Pipe type and schedule of wall thickness. 
 
☐ Type and locations of hangers, sleeves, 

braces and methods of securing 
sprinklers when applicable. 

 
☐ Make, type, model and size of alarm or 

dry pipe valve. 
 
☐ Sprinkler temperature rating. 
 
☐ All control valves, check valves, drain 

pipes and test connections. 
 
☐ The setting for pressure-reducing valves. 
 
☐ Size and location of hydrants showing 

size and number of outlets and if outlets 
are to be equipped with independent gate 
valves. 

 
☐ Information about listed antifreeze 

solution used (type and amount). 
 

 Group 4 
 
☐ Fire wall locations. 
 
☐ Enough of the existing system indicated 

on the plans to make all conditions clear. 
 
☐ Location and size of concealed spaces, 

closets, attics and bathrooms. 
 
☐ Piping provisions for flushing. 
 
☐ Number of sprinklers on each riser per 

floor. 
 
☐ Nominal pipe size and cutting lengths of 

pipe (or center-to-center dimensions). 
 
☐ Type of fittings and joints and location 

of all welds and bends. 
 
☐ A signed copy of the Owner’s 

Certificate and the working plans 
submittal shall include the 
manufacturer’s installation instructions 
for any specially listed equipment, 
including descriptions, applications and 
limitations for any sprinklers, devices, 
piping or fittings. 

 
☐ Information about backflow preventers 

(manufacturer, size, type). 
 
☐ Edition year of NFPA 13 to which the 

sprinkler system is designed. 
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IV. STANDARDS 
 

Slide 1-50

STANDARDS
• NFPA 13, Standard for the Installation of Sprinkler 

Systems.
• NFPA 14, Standard for the Installation of 

Standpipe and Hose Systems.
• NFPA 20, Standard for the Installation of 

Stationary Pumps for Fire Protection.
• NFPA 22, Standard for Water Tanks for Private 

Fire Protection.
• NFPA 24, Standard for the Installation of Private 

Fire Service Mains and Their Appurtenances.

 

  
  
  
  
  
  
  
  
  
  
  

 
A. NFPA 13. 

 
B. NFPA 14, Standard for the Installation of Standpipe and Hose Systems. 

 
C. NFPA 20. 

 
D. NFPA 22. 

 
E. NFPA 24. 
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STANDARDS (cont’d)
• NFPA 13D, Standard for the Installation of 

Sprinkler Systems in One- and Two-Family 
Dwellings and Manufactured Homes.

• NFPA 13R, Standard for the Installation of 
Sprinkler Systems in Low-Rise Residential 
Occupancies.

• International Residential Code (IRC) P2904, 
Dwelling Unit Fire Sprinkler Systems.

 

  
  
  
  
  
  
  
  
  
  
  

 
F. NFPA 13 series and International Residential Code (IRC) standards. 

 
1. These are different design and installation standards, not different fire 

protection systems. 
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2. The building code complexities of where different sprinkler designs are 
acceptable (e.g., area or height increases, other hazards, etc.) make it 
imperative that there is agreement among the code officials that the suitable 
design option is applied. 
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NATIONAL FIRE PROTECTION 
ASSOCIATION 13 SERIES

NFPA 13.
• Primarily property 

protection.

 

  
  
  
  
  
  
  
  
  
  
  

 
a. NFPA 13. 

 
- Oldest U.S. sprinkler system standard. 

 
- Intended primarily for property protection. 
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NATIONAL FIRE PROTECTION 
ASSOCIATION 13R

NFPA 13R does not define “stories.”
• Primarily life safety.
• Local building code.
• Height above “grade plane.”

Photo courtesy of USFA

 

  
  
  
  
  
  
  
  
  
  
  

 
b. NFPA 13R, Standard for the Installation of Sprinkler Systems in 

Low-Rise Residential Occupancies (formerly “Up to Four Stories in 
Height”). 

 
- Intended primarily for life safety. 

 
- NFPA 13R does not define “stories.” 
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-- Local building code establishes definitions and 
limitations on stories. 

 
-- To be eligible for NFPA 13R design, buildings are 

not to exceed 60 feet above “grade plane” as defined 
in building code. 
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MIXED-USE DESIGNS
• NFPA 13/13R.
• NFPA 13 “Residential.”

Photo courtesy of Integra Code ConsultantsPhoto courtesy of Integra Code Consultants

 

  
  
  
  
  
  
  
  
  
  
  

 
G. Mixed-use designs. 

 
1. NFPA 13/13R: The project includes elements of NFPA 13 for commercial 

spaces and NFPA 13R for low-rise residential spaces. 
 

2. In the left photo on the slide, the parking garage should be protected by an 
NFPA 13 design while the dwelling units above can be protected by a 13R 
design. 

 
3. NFPA 13 “Residential”: employs NFPA 13 entirely and addresses living 

space protection (sleeping room or dwelling units and adjacent corridors) in 
accordance with NFPA 13 mid- and high-rise residential design guidance. 

 
a. In the right photo on the slide, because it is a high-rise, the entire 

building must be protected with an NFPA 13 design. 
 

b. NFPA 13 allows some sprinkler omissions in the residential areas, 
e.g., small bathrooms and small closets. 
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MIXED-USE DESIGNS (cont’d)
• Life safety.
• Area.
• Height.

Photo courtesy of USFA

Photo courtesy of Integra Code Consultants  

  
  
  
  
  
  
  
  
  
  
  

 
4. The plans reviewer must coordinate with the building code official to 

understand why the sprinkler system is installed to satisfy the building code, 
especially in mixed construction noncombustible and combustible, low-
rise buildings such as the one illustrated. 

 
a. Life safety: If the sprinkler system is solely for life safety, an NFPA 

13R design is suitable. 
 

b. Area: The sprinkler system may be required to satisfy building code 
limits on floor area based on the type of construction (combustible 
or noncombustible). 

 
- The area calculations will determine if the system design can 

be NFPA 13R or must be NFPA 13. 
 

c. Height: The system may be required to satisfy building code limits 
on height above grade plane or a number of stories based on the type 
of construction (combustible or noncombustible). 

 
- The height will establish if the system design can be NFPA 

13R or must be NFPA 13. 
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NATIONAL FIRE PROTECTION ASSOCIATION 
13D/INTERNATIONAL RESIDENTIAL CODE 

P2904

Photo courtesy of USFAPhoto courtesy of Integra Code Consultants

 

  
  
  
  
  
  
  
  
  
  
  

 
H. NFPA 13D, Standard for the Installation of Sprinkler Systems in One- and Two-

Family Dwellings and Manufactured Homes/IRC P2904, Dwelling Unit Fire 
Sprinkler Systems. 

 
1. Sprinkler system designs using NFPA 13D or IRC P2904 are intended for 

one- and two-family dwellings, manufactured and modular homes, and 
townhouses. 

 
2. These two standards are outside the scope of this course. If you wish to learn 

more, consider enrolling in the National Fire Academy (NFA) course on 
residential sprinkler plans review. 
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NATIONAL FIRE PROTECTION 
ASSOCIATION 14

Standpipe and hose systems.
• Independent or interconnected.
• Influences water demand.

Photo courtesy of USFA

 

  
  
  
  
  
  
  
  
  
  
  

 
I. NFPA 14. 

 
1. Independent or interconnected to the fire sprinkler system. 

 
2. Influences water pressure and volume demand if connected to the fire 

sprinkler system. 
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NATIONAL FIRE PROTECTION 
ASSOCIATION 20

Stationary pumps 
for fire protection.
• Fire pumps.
• Booster pumps.

 

  
  
  
  
  
  
  
  
  
  
  

 
J. NFPA 20. 

 
1. Fire pumps. 

 
Draw water from approved static sources: lakes, ponds, reservoirs, 
underground, low-elevation tanks, etc. 

 
2. Booster pumps. 

 
Supplement pressure from incoming water lines that already are pressurized 
by gravity or utility purveyor pump systems. 
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NATIONAL FIRE PROTECTION 
ASSOCIATION 22

Water tanks for private fire protection.
• Elevated.
• Suction.
• Underground.

Photo courtesy of Integra Code Consultants

 

  
  
  
  
  
  
  
  
  
  
  

 
K. NFPA 22. 

 
1. Elevated. 

 
2. Suction. 

 
3. Underground. 
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NATIONAL FIRE PROTECTION 
ASSOCIATION 24

Private fire 
service mains 
and their 
appurtenances.
• Water mains.
• Hydrants.
• Hose houses.
• Thrust restraints.

Photo courtesy of Integra Code Consultants

 

  
  
  
  
  
  
  
  
  
  
  

 
L. NFPA 24. 

 
1. Water mains. 

 
2. Hydrants. 

 
3. Hose houses. 

 
4. Thrust restraints (thrust blocks). 
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LOCAL POLICIES/STANDARDS
• Model codes/standards provide generic 

requirements.
• Locally adopted code grants policy-writing 

authority.
– Adopted and enforced by legally recognized 

process.
– May be annulled at state level.

 

  
  
  
  
  
  
  
  
  
  
  

 
M. Local policies/standards. 

 
1. Model codes/standards provide generic requirements based on a consensus 

national, or even international, process. They cannot anticipate all 
conditions that might arise. 

 
2. Locally adopted codes may grant policy-writing authority. The code official 

can write policies to address specific local conditions such as topography, 
climate, and fire services capacity and capability. 
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3. These policies can address what the fire code official will “approve” under 
various conditions and clarify minimum standards for that particular 
jurisdiction. 

 
a. Adopted and enforced by legally recognized process as part of the 

authority granted by the administrative sections of the fire code. 
 

b. Policy-making authorities granted in the model codes may be 
annulled at the state level. Some states remove the administrative 
sections of the fire code and replace it with their own state process. 
Code officials should verify which option exists in their jurisdiction. 
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LOCAL POLICIES/STANDARDS 
(cont’d)

• Policy clarifies minimum 
standards for that 
particular jurisdiction.

Photo courtesy of Bellingham, Washington, Fire Department

 

  
  
  
  
  
  
  
  
  
  
  

 
4. Policy clarifies minimum standards for that particular jurisdiction. 
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LOCAL POLICIES/STANDARDS 
(cont’d)

• Policies are usually developed to clarify 
application and enforcement.

• Outside review experts.
– Third-party plans review service.
– Technical assistance.

-- Technical assistance report.
– Approved suitability of expert.

 

  
  
  
  
  
  
  
  
  
  
  

 
5. Policies are usually developed to clarify application and enforcement.  

 
6. May defer plans review to outside review experts. 
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a. Third-party plans review service. Generally, these are private 
contractors who have special experience in fire protection systems 
and codes. 

 
b. Technical assistance and third-party plan reviewers can be obtained 

at no charge to the jurisdiction. 
 

- A technical assistance report can identify special hazards or 
conditions that need to be addressed in the design and 
installation of the fire protection equipment. 

 
c. Approved suitability of the expert. The code official is authorized to 

establish and approve the experts’ qualifications. 
 
 
V. EQUIVALENCY 
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EQUIVALENCY
• Codes and standards allow “equivalencies.”
• Equivalencies may be alternate means or 

methods.

Photo courtesy of Integra Code Consultants

 

  
  
  
  
  
  
  
  
  
  
  

 
A. Codes and standards allow “equivalencies.” 

 
B. Equivalencies may be alternate means or methods to achieve code and standards 

compliance. 
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EQUIVALENCY (cont’d)
• Code official verifies that equivalencies are 

adequate.
– Technical documentation.
– Equivalency evaluation protocols and 

procedures.
– Approval.

• Code equivalencies recognize ongoing 
technological changes.

 

  
  
  
  
  
  
  
  
  
  
  

 
C. The code official verifies that equivalencies are adequate. 

 
1. Technical documentation: The code official can request documentation 

from qualified experts or test labs to evaluate equivalencies. 
 

2. Equivalency evaluation protocols and procedures: The code official should 
have a process in place to evaluate equivalencies based on sound scientific 
and engineering principles. 

 
a. Why is the equivalency being proposed? 

 
b. How does the proponent justify it as “equivalent”? 

 
c. Does the equivalency meet the life safety and fire protection intent 

of the standard? How? 
 

d. Has the equivalency been proposed and/or accepted elsewhere?  
What were the results? 

 
e. Are there any engineering, regulatory or scientific sources (e.g., 

laboratory reports, tests, peer-reviewed journals or books, etc.) that 
support the proposed equivalency? 

 
3. Approval: The code official is authorized to approve equivalencies once 

they have been evaluated. 
 

D. Code equivalencies recognize ongoing technological changes. The code 
development cycle — typically three years — is unable to keep up with changes in 
technology, so the equivalency or alternate methods approaches allow the code 
official to approve new products and designs. 
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PERFORMANCE-BASED 
DESIGN

• Desired outcome stated.
• Design to meet outcome.

Photo courtesy of Integra Code Consultants

 

  
  
  
  
  
  
  
  
  
  
  

 
E. Performance-based design.  

 
1. Current fire protection standards are “prescriptive”: They prescribe how 

systems will be designed and installed based on consensus standards. 
 

2. Performance-based designs may be employed as an alternative or 
equivalent. 

 
a. Desired outcome stated. In performance-based design, the desired 

outcome is described in engineering documents, e.g., “contain a fire 
in solid-pile Group A plastics without opening more than five 
sprinklers.” 

 
b. Design to meet the outcome. Given this desired outcome, the 

sprinkler designer strives to achieve that objective. 
 
 
VI. DOCUMENTATION 
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DOCUMENTATION
• Review:

– Plans.
– Calculations.
– Manufacturer’s product 

literature.
– Special reports.
– Owner’s Certificate.

Photo courtesy of Integra Code Consultants
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Good documentation and recordkeeping are essential to assure clear communication, 
provide excellent customer service, maintain a permanent historical record of the project 
and protect the jurisdiction from tort lawsuits. 

 
A. The plans examiner should review: 

 
1. Plans. 

 
2. Calculations. 

 
3. Manufacturer’s product literature. 

 
4. Special rulings, reports or outside comments. 

 
5. Owner’s Certificate. 
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DOCUMENTATION (cont’d)
• Be systematic and thorough. It’s a process.
• Do not hesitate to ask questions.
• Get outside help when needed.

– Contractors.
– Peers.
– Educators.
– Manufacturers.
– Consultants.

Photo courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
B. Keys to successful plans review. 

 
1. Be systematic and thorough. 

 
2. Do not hesitate to ask questions of the: 

 
a. Project owner. 

 
b. Architect or designer. 

 
c. General contractor. 

 
d. Sprinkler contractor. 

 
3. Get outside help when needed. 

 
a. Contractors: General and fire protection contractors often are 

willing to share their experience and expertise. 
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b. Peers: Contact peers in other building or fire departments who may 
have had similar projects in their jurisdictions.  

 
c. Educators: Community college, university and industry trainers can 

share information. 
 

d. Manufacturers: Product manufacturers, distributors and installers 
are sources for details and technical data on materials and their 
installation. 

 
e. Consultants: Fire protection engineers and code consultants can 

provide information or third-party plans review services. 
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COMMENTS
• Comment letter officially documents 

observations.
• Plans review comments usually are 

generated by:
– Insufficient information or details.
– Imprecise presentation.
– Noncompliance.

 

  
  
  
  
  
  
  
  
  
  
  

 
C. Comments. 

 
1. A comment letter officially documents what has been observed on the plans. 

 
2. Plans review comments usually are generated by: 

 
a. Insufficient information or details for the plans reviewer to make 

educated and informed comments. 
 

b. Imprecise presentation that may lead to confusion or 
misunderstanding. 

 
c. Noncompliance with codes or standards. 
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COMMENTS (cont’d)
• Base comments on fact or legally adopted 

codes and standards.
– Opinions or recommendations must be clearly 

noted as such.

Photo courtesy of Integra Code Consultants

 

  
  
  
  
  
  
  
  
  
  
  

 
3. Base comments on fact or the legally adopted codes and standards in effect. 

 
Opinions or recommendations should be avoided, but if included, must be 
clearly noted as such. 
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COMMENTS (cont’d)
• When noting conditions, deficiencies or 

violations on the plans, comments should 
include:
– Location.
– Discrepancy.
– Compliant condition.
– Code or standard edition and section.

 

  
  
  
  
  
  
  
  
  
  
  

 
4. When noting conditions, deficiencies or violations on the plans, your 

comments should include: 
 

a. The location of the condition identified. 
 

- Sheet/Drawing number and grid coordinates enable the 
submitter to find the condition quickly and efficiently. 

 
b. The item that has been observed that needs clarification or 

correction. 
 

c. The correct condition required. 
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- What is needed to satisfy the code or standard? 
 

-- Plans examiners must be careful not to suggest or 
provide designs, technical solutions, or alternate 
methods and materials; that is the designer’s 
responsibility. The code official’s role is to verify 
that the solution complies with or provides 
equivalent protection to what the codes and standards 
require. 

 
d. The reference to the code or standard edition and section. 

 
- Often the code or standard edition is listed in the comment 

letter introduction. This provides a historical reference. 
 

-- Example: “The plans were reviewed in accordance 
with NFPA 13, 2019 edition.”   

 
- If plans were reviewed under a different code or standard 

edition from the one legally in effect at the time of the permit 
submittal, that should be noted. 

 
-- Example: “NFPA 13 (2012 edition) is the legally 

adopted version in effect, but by mutual consent, the 
plans were reviewed in accordance with NFPA 13, 
2019 edition.” 

 
- Section numbers included to validate the comment as well 

as provide reference to find it quickly. 
 

-- Example: NFPA 13-8.4.7.7. 
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COMMENTS (cont’d)
• Detail action or reply that is expected:

– “Resubmit revised plans with changes 
highlighted.”

– “Provide further details or information.”
– “Provide listing information.”
– “Provide a written response to establish your 

understanding of the comment.”
– “Provide a deadline for resubmission.”
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5. The plans review report or letter should indicate the type of action or reply 
that is expected, such as: 

 
a. “Resubmit revised plans with changes highlighted.” 

 
b. “Provide further details or information.” 

 
c. “Provide listing information.” 

 
d. “Provide a written response to establish your understanding of the 

comment.” 
 

e. “Provide a deadline for resubmission.” 
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REVIEWER ACTION
• Approved.
• Approved with comments.
• Review pending additional 

information.
• Rejected and resubmit.
• Comments:

– Clearly state the expected action or reply.
– Comments may be informational.

 

  
  
  
  
  
  
  
  
  
  
  

 
D. Reviewer action: Correspondence should close with a clear statement of the 

reviewer’s conclusions: 
 

1. Approved. 
 

2. Approved with comments. 
 

a. This generally implies the contractor can start work while the 
comments are resolved.   

 
b. The code official should clarify if work can start before the permit 

is issued or plans have been approved. 
 

3. Review pending additional information. 
 

Try to provide specific guidance on what additional information is needed. 
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4. Rejected and resubmit. 
 

Must provide a specific explanation on why the plans were rejected. 
 

5. Comments. 
 

a. Clearly indicate the type of action or reply that is expected. 
 

b. Comments may be informational. 
 

- Example: “The Department of Public Works reports the 
underground water mains to the site will not be completed 
until [date].” 

 
- Example: “For information on current water supply tests, 

call the Water Department at 555-1212.” 
 
 
VII. TECHNOLOGY TRENDS 
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NEW TECHNOLOGY
Codes and standards cannot keep up with 
market changes and new technology.
• Not intended to restrict new technology.
• Materials or devices must be in strict 

compliance with the conditions of their 
listings.

 

  
  
  
  
  
  
  
  
  
  
  

 
A. Codes and standards cannot keep up with market changes and new technology. 

 
1. Not intended to restrict new technology so long as minimum safety levels 

are maintained. 
 

2. Materials or devices not specifically designated must be used in strict 
accordance with the conditions of their listings and manufacturer’s 
installation instructions. 
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EMERGING TECHNOLOGY
• High-volume/low-

speed fans.
• Electronic sprinklers.
• Energy storage.
• Additive 

manufacturing.
• Vegetation oil 

extraction.
• Electronic plans 

review.

Photo courtesy of Keith Heckler

Photo courtesy of Integra Code Consultants

Photo courtesy of Scott Stookey, 
Austin Fire Department

 

  
  
  
  
  
  
  
  
  
  
  

 
B. Emerging technology. 

 
Items on this list represent emerging challenges to fire sprinkler technology, fire 
sprinkler design, and professional skills and training. 

 
1. High-volume/low-speed fans. 

 
a. Affect heated air movement in large spaces. 

 
b. Blades interfere with sprinkler discharge. 

 
2. Electronic sprinklers. 

 
Connected to individual smoke alarms that trigger water flow in a specific 
discharge pattern. 

 
3. Energy storage. 

 
Flammable gases (hydrogen) and combustible metals (lithium) may affect 
fire behavior or the system’s ability to control a fire. 

 
4. Additive manufacturing (3D printing). 

 
Combustible plastics and dusts. 

 
5. Vegetation oil extraction (cannabis oil). 

 
Highly flammable liquids and gases used in extraction processing. 

 
6. Electronic plans review. 

 
a. Plans submitted in PDF or DWG format (or drawing format). 
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b. Comments appended to files. 
 

c. Potential turnaround time improvements. 
 

d. Digital storage benefits. 
 

e. Plan portability to job site using tablet devices. 
 

f. Electronic plans review tables. 
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ACTIVITY 1.3 
 

Finding Gaps in Submittal Packages 
 
Purpose 
 
Evaluate the thoroughness of a commercial fire sprinkler plans submittal package so you can 
verify that its contents provide adequate information to perform a model standard-compliant 
plans review. 
 
 
Directions 
 
1. You will use NFPA 13, Annex A and a sample fire sprinkler submittal (fire station 

project in Collegeville, Pennsylvania) to identify and report any gaps in the information 
provided. 

 
2. To expose you to electronic plans review, the submittal package will be provided in 

Adobe PDF format. The activity must be done on a personal computer, tablet or other 
device that can adequately display the files. 

 
Note: This is not a detailed plans review and analysis. It is an exercise only to evaluate 
the submittal package’s completeness. For the purpose of the exercise, you may assume 
all data is current. 

 
3. In addition to the first list in Annex A of NFPA 13 that was used in Activity 1.2, there are 

additional requirements in the Annex for water supply test data and the hydraulic 
calculation cover sheet. You must address all three lists. 

 
4. You will review the package as a small group, but each student must write a letter 

outlining the deficiencies (if any). If no deficiencies are identified, you must provide a 
letter explaining that the plans have been accepted for further review. You may have 
additional requirements based on your local standards and policies that can be added to 
the letter. The letter should be addressed to the contractor. (The letter may be submitted 
electronically to the instructor.) 

 
5. The letter is due to the instructor by the last day of class. 
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ACTIVITY 1.3 (cont’d) 
 

Finding Gaps in Submittal Packages Worksheet 
 
 Item Location 

1 Owner/Occupant name  
 
 

2 Location/Address  
 
 

3 Compass point  
 
 

4 Full-height cross section  
 
 

5 Partition location  
 
 

6 Fire wall location  
 
 

7 Room/Space occupancy description  
 
 

8 Concealed spaces, closets, bathrooms  
 
 

9 Small enclosures with no sprinklers  
 
 

10 City main size and whether dead-end or 
circulating 

 
 
 

11 Other water supply sources  
 
 

12 Sprinkler make, model, type and K-
factor 

 
 
 

13 Sprinkler temperature rating and high-
temp sprinkler location 

 
 
 

14 Total area protected by each system per 
floor 
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 Item Location 
15 Number of sprinklers per riser per floor  

 
 

16 Total sprinklers on dry, deluge or 
preaction 

 
 
 

17 Dry pipe system capacity (gallons)  
 
 

18 Pipe type and wall thickness schedule  
 
 

19 Nominal pipe size and cutting lengths  
 
 

20 Location and size of riser nipples  
 
 

21 
Fitting/Joint types and welds  

 
 

22 
Hanger, sleeve, bracing types and 
locations 

 
 
 

23 
All control, check, drain and test valves  

 
 

24 
Make/Model/Type of alarm or dry valve  

 
 

25 
Make/Model/Type of preaction or 
deluge valve 

 
 
 

26 
Alarm bell type and location  

 
 

27 
Standpipe size, riser location, hose 
outlets 

 
 
 

28 
Private fire service mains, size, lengths, 
locations 

 
 
 

29 
Piping provisions for flushing  
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 Item Location 

30 
Additions to existing system  

 
 

31 
Hydraulic nameplate data  

 
 

32 
Graphic representation of scale  

 
 

33 
Contractor name and address  

 
 

34 
Hydraulic reference points on plans  

 
 

35 
Minimum water application rate  

 
 

36 
Total water required at common 
reference points 

 
 
 

37 
Relative sprinkler, junction and 
reference point elevations 

 
 
 

38 
All unprotected openings if room design 
method used 

 
 
 

39 
Load calculations for sizing/details of 
sway bracing 

 
 
 

40 
Pressure-reducing valve settings  

 
 

41 
Backflow preventer information  

 
 

42 
Antifreeze solution used  

 
 

43 
Hydrant location, size and outlets  

 
 

44 
FDC size and location  
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 Item Location 

45 
Ceiling roof heights not shown in full 
height cross section 

 
 
 

46 
NFPA 13 edition  

 
 

 
Water Flow Test 
 
 Item Location 

1 
Water test location/elevation in relation 
to riser reference point 

 
 
 

2 
Flow location  

 
 

3 
Static pressure (pounds per square inch 
(psi)) 

 
 
 

4 
Residual pressure (psi)  

 
 

5 
Flow (gallons per minute (gpm))  

 
 

6 
Test date  

 
 

7 
Test time  

 
 

8 
Person’s name who supplied data or 
performed test 

 
 
 

9 
Other water sources and details  
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Hydraulic Calculation Cover Sheet 
 
 Item Location 

1 
Date  

 
 

2 
Location  

 
 

3 
Owner/Occupant name  

 
 

4 
Building number or identification  

 
 

5 
Hazard description  

 
 

6 
Contractor name/address  

 
 

7 
Approving agency name  

 
 

8 
System design:  

 
 

 
a) Design area  

 
 

 
b) Application rate (density)  

 
 

 
c) Area per sprinkler  

 
 

9 
Total water requirements  

 
 

10 
Allowance for in-racks  

 
 

11 
Limitations on extended coverage or 
other special listed sprinklers 
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VIII. SUMMARY 
 

Slide 1-77

SUMMARY
• Project orientation.
• Properly submitted plans.
• General information provided with plans.
• Verifying design and installation standards.
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SUMMARY (cont’d)
• Locally adopted policies and standards.
• Equivalency.
• Documentation.
• Technology trends.
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APPENDIX 
 
 

SUPPLEMENTAL MATERIALS 
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COMMERCIAL FIRE SPRINKLER SYSTEM PLANS REVIEW 

  

 
 
 
 
 
 
 
 
 
 

UNIT 2: 
HAZARD CLASSIFICATION 

 
 
 

TERMINAL OBJECTIVE 
 
The students will be able to:  
 
2.1 Evaluate if the proposed sprinkler design is suitable for the hazard classification given a nationally 

recognized design standard and description of building use and contents. 
 
 

ENABLING OBJECTIVES 
 
The students will be able to: 
 
2.1 Describe elements that establish hazard classification for design. 
 
2.2 Evaluate use and storage conditions identified in National Fire Protection Association (NFPA) 13, Standard 

for the Installation of Sprinkler Systems. 
 
2.3 Describe special hazards in NFPA 13 that would require additional protection levels. 
 
2.4 Interpret design density curves from NFPA 13. 
 
2.5 Determine if the submittal provides the appropriate level of protection for the hazard. 
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UNIT 2:
HAZARD CLASSIFICATION
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TERMINAL OBJECTIVE
Evaluate if the proposed sprinkler design is 
suitable for the hazard classification given a 
nationally recognized design standard and 
description of building use and contents. 
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ENABLING OBJECTIVES
• Describe elements that establish hazard 

classification for design.
• Evaluate use and storage conditions 

identified in National Fire Protection 
Association (NFPA) 13, Standard for the 
Installation of Sprinkler Systems.

• Describe special hazards in NFPA 13 that 
would require additional protection levels.
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ENABLING OBJECTIVES (cont’d)
• Interpret design density curves from NFPA 

13.
• Determine if the submittal provides the 

appropriate level of protection for the 
hazard.

 

  
  
  
  
  
  
  
  
  
  
  

 
 
I. HAZARD CLASSIFICATION 
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HAZARD CLASSES
• NFPA 13 assigns 

hazard classes to 
various fire risks.

• Primarily content 
based.

Photo courtesy of Integra Code Consultants

 

  
  
  
  
  
  
  
  
  
  
  

 
A. Hazard classes. 

 
1. National Fire Protection Association (NFPA) 13, Standard for the 

Installation of Sprinkler Systems, assigns hazard classes to various fire risks. 
 

2. Primarily content based. 
 

There is no correlation between building or fire code occupancy 
classifications and features (such as control areas) and the NFPA 13 hazard 
classes. The NFPA 13 categories have been derived by its technical 
committee members over time, independently from building or fire code 
changes. 
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HAZARD CLASSES (cont’d)
• Primary factors.

– Latent heat potential: 
total fuel available.

– Potential fire severity: 
heat release rate (HRR).

– Spatial configurations.
-- Storage.
-- Operational.

Photo courtesy of Integra Code Consultants

 

  
  
  
  
  
  
  
  
  
  
  

 
3. Primary factors affecting classification. 

 
a. Latent heat potential: total fuel available. 

 
b. Potential fire severity (heat release rate (HRR)). 

 
c. Spatial configurations, whether the primary use is: 

 
- Storage. 

 
-- “Ordinary” up to 12 feet. 

 
-- “High-piled” above 12 feet. 

 
- Operational. 

 
-- Factory, industrial, assembly, school, health care. 
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HAZARD CLASSES (cont’d)
• Selected by the 

project design 
team and/or 
sprinkler 
designer.

• Code official 
approves.

Photo courtesy of Integra Code Consultants
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4. Selected by the project design team and/or sprinkler designer. 
 

Based on information provided in Owner’s Certificate. 
 

5. Code official approves. 
 

Code official should have experience in fire protection principles, fire 
protection systems, water supplies and hazard analysis. 
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COMBUSTIBILITY
Energy of combustion.
• Amount of heat 

released during full 
combustion.

Fuel BTU/lb
Methane 23,900

Propane 21,700

Polyethylene 20,050

Paraffin wax 19,900

Kerosene 19,862

Diesel 19,300

Coal (WV bituminous) 15,178

Coal (anthracite) 14,000

Polyurethane 10,180

Coal (lignite) 6,500

Wood 8,700 – 9,142

Polyvinyl chloride 7,720
Photo courtesy of Integra Code Consultants Data courtesy of NIST Chemistry Webbook

 

  
  
  
  
  
  
  
  
  
  
  

 
6. Combustibility. 

 
An item’s combustibility is related to its latent heat of combustion: energy 
released if totally consumed. 
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FIRE LOAD
Use Average (lbs/ft2)

Printing warehouse 174.4
Printing plant 34.0
Office 18.4
School 15.7
Furniture factory 15.3
Residence 8.8
Clothing factory 10.7
Hospital 2.8
Data courtesy of Measurements of Fire Loads and Calculations of Fire Severity, D. Gross, National Bureau of Standards, 2007.

 

  
  
  
  
  
  
  
  
  
  
  

 
7. Fire load. 

 
Estimated measurement of total fuel per square foot based on occupancy. 
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HEAT RELEASE RATES 
Rate at which fire 
releases energy — also 
known as power.
• HRR is measured in 

British thermal units 
(Btu) per minute, 
watts (W) or kilowatts 
(kW).

Photo courtesy of North Whatcom Fire Rescue

 

  
  
  
  
  
  
  
  
  
  
  

 
8. HRR. 

 
a. Rate at which fire releases energy, also known as power.  

 
b. HRR is measured in units of British thermal units (Btu) per minute, 

watts (W) or kilowatts (kW). 
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HEAT RELEASE RATES (cont’d)
ABS pipe

PVC conduit
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c. The graph on the slide represents the comparative HRR of five 

products under controlled conditions: 
 

- Red oak. 
 

- Cellulosic acoustical ceiling tiles (ACTs). 
 

- Particle board (common wood product). 
 

- Polyvinyl chloride (PVC) pipe. 
 

- Acrylonitrile butadiene styrene (ABS) pipe. 
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d. Although plastic materials often are considered to be high-hazard 
materials because of their petroleum base, the HRR depends on their 
ultimate chemical makeup.  

 
e. While the ABS pipe sample spikes to an early and high HRR, PVC 

exceeds red oak high heat release only after 6 1/2 minutes of 
burning. This graph shows that some plastics burn with overall less 
energy output than other nonplastic materials. 

 

Slide 2-12

HAZARD CLASSES (cont’d) 
• Set fire protection requirements.

– Water supply.
– Volume and duration.
– Sprinkler selection.
– Sprinkler spacing.
– Pipe sizes.

Photo courtesy of Integra Code Consultants

 

  
  
  
  
  
  
  
  
  
  
  

 
9. Hazard classes establish the fire protection requirements. As the hazard 

class increases, the following items are affected:  
 

a. Water supply: More water is required for fire control. 
 

b. Volume and duration: The volume and time it has to continue 
flowing is increased. 

 
c. Sprinkler selection: Different sprinklers, often with higher operating 

temperature ratings or larger orifices, are required. 
 

d. Sprinkler spacing: Sprinklers are required to be spaced closer 
together in higher hazard classes. 

 
e. Pipe sizes: The increased water supply requirements often mean 

larger pipe sizes are required to deliver the minimum flow. 
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HAZARD CLASSES (cont’d)
• Not correlated to 

building code 
occupancy classes.
– Portions of a 

building may be 
different hazard 
classes for 
sprinkler design.

Photo courtesy of Integra Code Consultants

 

  
  
  
  
  
  
  
  
  
  
  

 
10. Hazard classes are not correlated directly to building code occupancy 

classes. 
 

Portions of a building may be different hazard classes for sprinkler design. 
 

a. Office or waiting area in a motor vehicle repair garage. 
 

b. Day care use at an industrial facility. 
 

c. Residential portion of mixed use. 
 

Slide 2-14

HAZARD CLASSES (cont’d)
• Increasing hazard sliding scale.
• NFPA 13, Annex A list of consensus 

occupancy descriptors.
– Representative, not absolute.
– Use experienced judgment.

 

  
  
  
  
  
  
  
  
  
  
  

 
11. Increasing hazard classes represent a sliding scale from low to extreme fire 

hazards. 
 

12. NFPA 13, Annex A includes a list of consensus-based occupancy 
descriptors that are intended to provide typical examples of each hazard 
class. 
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a. The examples are representative and not absolutely reflective of 
what might be found in each. The code official should rely on their 
knowledge of the project. 

 
- Many outdated examples are included in the NFPA 13 list: 

 
-- “Dairy products manufacturing” may not address the 

packaging transition from glass to waxed paper or 
high-hazard plastic containers. 

 
-- “Museums” do not address the nature of materials or 

exhibits that may be on display. 
 

-- “Electronic plants” may not address hazardous 
materials found in occupancies like semiconductor 
fabrication facilities. 

 
b. Use experienced judgment. The designer is responsible for using 

experienced judgment to design the system, but may not have all the 
information needed to address all hazards. 
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LIGHT HAZARD
• Low quantity combustibles.
• Low HRR.

Photo courtesy of Integra Code Consultants

 

  
  
  
  
  
  
  
  
  
  
  

 
B. Light Hazard. 

 
1. Low quantity combustibles. 

 
2. Low HRR. 

 
Churches, schools, office buildings, assembly (restaurant seating areas) and 
health care. 
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ORDINARY HAZARD
• Group 1.

– Low to moderate amount of combustibles.
– Moderate HRRs.
– Storage less than 8 feet.

Photos courtesy of Integra Code Consultants

 

  
  
  
  
  
  
  
  
  
  
  

 
C. Ordinary Hazard. 

 
1. Ordinary Hazard, Group 1. 

 
a. Low to moderate amount of combustibles. 

 
b. Moderate HRRs. 

 
c. Storage less than 8 feet. 

 
- Automobile parking and showrooms, beverage 

manufacturing, laundries, and restaurant service areas. 
 

Slide 2-17

ORDINARY HAZARD (cont’d)
• Group 2.

– Moderate combustible load.
– Moderate HRRs.
– Storage less than 12 feet.

Photos courtesy of Integra Code Consultants

 

  
  
  
  
  
  
  
  
  
  
  

 
2. Ordinary Hazard, Group 2. 

 
a. Moderate combustible load. 

 
b. Moderate HRRs. 
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c. Storage less than 12 feet. 
 

- Dry cleaners, mercantile, printing and publishing, wood 
products, and machining and assembly. 
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EXTRA HAZARD
• Group 1.

– High content amount and combustibility.
– High HRRs.
– Limited or no flammable/combustible liquids.

Photo courtesy of Integra Code Consultants

 

  
  
  
  
  
  
  
  
  
  
  

 
D. Extra Hazard. 

 
1. Extra Hazard, Group 1. 

 
a. High content amount and combustibility. 

 
b. High HRRs. 

 
c. Limited/No flammable/combustible liquids. 

 
- Aircraft hangars, plywood and particle board manufacturing, 

textile preparation. 
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EXTRA HAZARD (cont’d)
• Group 2.

– High HRRs.
– High amount and 

combustibility of 
contents.

– Moderate/Substantial 
flammable/combustible 
liquids.

Photo courtesy of Integra Code Consultants
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2. Extra Hazard, Group 2. 
 

a. High HRRs. 
 

b. High amount and combustibility of contents. 
 

c. Moderate/Substantial flammable/combustible liquids. 
 

- Flammable liquid spraying, flow coating, plastics 
processing, open dipping operations and combustible 
shielding. 

 
  



HAZARD CLASSIFICATION 

SM 2-14 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This page intentionally left blank. 
 
  



HAZARD CLASSIFICATION 

SM 2-15 

ACTIVITY 2.1 
 

National Fire Protection Association 13, Sprinkler Hazard Classifications (Part 1) 
 
Purpose 
 
Orient students to the fire sprinkler hazard classifications listed in NFPA 13. 
 
 
Directions 
 
1. Use the hazard classification lists in NFPA 13, Annex A to classify the following 

occupancies that are illustrated in the slides. 
 

a. Museum. 
 
  
 

b. Wood product assembly.  
 
  

 
c. Flammable liquid spraying. 

 
  

 
d. Glass product manufacturing.  

 
  

 
e. Mercantile. 

 
  

 
2. At the end of the activity, the instructor will call on various students to provide their 

responses. Be prepared to discuss them in class. 
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ACTIVITY 2.2 
 

National Fire Protection Association 13, Sprinkler Hazard Classifications (Part 2) 
 
Purpose 
 
Evaluate hazard class samples where NFPA 13 may not provide clear guidance. 
 
 
Directions 
 
1. Using the hazard classification primary factors (potential fire severity, latent heat and 

operational configurations), classify the following occupancies that are illustrated in the 
slides. Briefly explain your decisions. 

 
a. Welding shop. 

 
  
 
  
 
  
 

b. Museum. 
 
  
 
  
 
  
 

c. Fiberglass operations. 
 
  
 
  
 
  
 

d. Auditorium. 
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e. Winery. 
 
  
 
  
 
  
 

f. Coal-fired power station. 
 
  
 
  
 
  
 

g. Self-storage. 
 
  
 
  
 
  
 

h. Boat yard.  
 
  
 
  
 
  
 

i. Wood shop bag house. 
 
  
 
  
 
  
 

j. Tennis club. 
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2. At the end of the activity, the instructor will call on various students to provide their 
responses. Be prepared to discuss them in class. 

 
3. Make sure to record your answers as you will refer to them in Activity 2.4: “Real World” 

Impacts. 
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II. STORAGE OCCUPANCIES 
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STORAGE
Ordinary combustibles.
• Ordinary Hazard, Group 1 to 8 feet.
• Ordinary Hazard, Group 2 to 12 feet.

Photos courtesy of Integra Code Consultants

 

  
  
  
  
  
  
  
  
  
  
  

 
A. Ordinary combustibles (items that burn essentially similar to wood, paper and 

cardboard) can be protected up to 12 feet Above Finished Floor (AFF) by Ordinary 
Hazard class systems. 

 
B. The 8- and 12-foot height limits are derived from historical full-scale fire tests. 

 
1. Ordinary Hazard, Group 1 to 8 feet. 

 
2. Ordinary Hazard, Group 2 to 12 feet. 

 
C. High challenge threats are covered in NFPA 13 but require special consideration. 

 
 
III. SPECIAL STORAGE HAZARDS 
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SPECIAL STORAGE HAZARDS
“High-challenge” products.
• Stacked or piled tires.
• Bulk rolled paper.
• Idle pallets.
• Flammable/Combustible 

liquids.
• Plastics.
• Aerosols.

Photo courtesy of Integra Code Consultants

 

  
  
  
  
  
  
  
  
  
  
  

 
A. “High-challenge” products. 
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1. Stacked or piled tires: Hard to ignite, but once burning, hard to suppress 
because of latent heat of combustion, exposed surface area and numerous 
pockets where water accumulates rather than reaching the burning 
materials. Fires tend to be smoky and hot, making manual suppression 
challenging. 

 
2. Bulk rolled paper. 

 
a. Rolled papers are classified as heavy, medium or tissue weight for 

fire protection designs. 
 

b. Rolled paper burns from the outside in and peels or exfoliates in a 
spiral fashion, so the fire is always moving, often opening more 
sprinklers than needed. 

 
3. Idle pallets: Wood pallets tend to dry out, and their edges splinter, making 

them easy to ignite. The amount of available combustible surface area and 
ambient oxygen enable them to burn ferociously. 

 
4. Flammable/Combustible liquids: These products have high rates of heat 

release and latent energy. Leaks and explosions allow products to flow and 
imperil other storage. 

 
5. Plastics: Depending upon the plastic class and configuration (expanded or 

unexpanded), these provide extremely high fire threats due to their HRR 
and latent energy. 

 
6. Aerosols. 

 
a. Aerosol products are classified into three categories depending on 

the mixture of product and propellant. 
 

- Level 1: generally low hazard employing water-based 
product and mildly or nonflammable propellant. 

 
- Level 2: moderate hazard with flammable (usually alcohol-

based) product and flammable propellant. 
 

- Level 3: high hazard with petroleum-based product and 
propellant. 

 
b. Level 2 and 3 aerosols have high latent energy and HRR. 

 
- Once ignited, pressure containers can burst and “rocket” 

through the storage area, spreading flammable trails. 
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HEIGHTS
As height increases, so 
does hazard.
• More fuel per floor area.
• Fire suppression 

access.
• Collapse threat.

Photo courtesy of Integra Code Consultants

 

  
  
  
  
  
  
  
  
  
  
  

 
B. Heights: As height increases, so does hazard. 

 
1. More fuel per floor area. As illustrated, fuels may include a mix of ordinary 

combustibles and plastics. 
 

2. Fire suppression access can be difficult, if not impossible. 
 

a. Automatic sprinkler discharge may be blocked by obstructions in 
the racks, preventing cooling water from protecting the product and 
the racks themselves. 

 
b. Manual suppression efforts can be compromised by sprinkler 

discharge cooling products of combustion and lessening visibility 
for effective fire attack. 

 
3. Collapse threat: Racks can become unstable due to the added water weight 

or heat stress and fail, spreading fire and threatening firefighters’ safety. 
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ARRAYS
• Solid pile.
• Palletized.
• Racks.
• Shelves.
• Automated.

Photo courtesy of Integra Code Consultants
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C. Arrays: In storage occupancies, the storage method affects the fire protection 
system design; not all sprinkler systems are suited to protect what are called 
different storage arrays. The products and arrays must be evaluated by competent 
personnel. 

 
1. Solid pile: self-supporting material in solid piles with narrow aisles for 

product movement and slowing fire spread. 
 

2. Palletized: products stored on wood, metal, plastic or other pallets. 
 

3. Racks: typically 4-foot by 8-foot storage surfaces supported by a metal 
structure (e.g., “big box” home improvement retail stores).  

 
a. Racks can be single row, double row, multiple row, flow through, 

moveable, portable, open shelf, closed shelf and more. 
 

b. The complexity of rack storage array fire protection should be 
evaluated by qualified personnel. 

 
4. Shelves differ from racks in that they are less than 30 inches deep and not 

more than 36 inches apart vertically.  
 

5. Automated storage includes carousels, computer-controlled robotics, 
vertical lift modules and unit load stackers. The fire challenge is that unless 
properly controlled, the moving storage array can take burning products 
great distances at great speeds throughout the storage area. 

 
6. In high-piled storage arrays, early suppression fast response (ESFR) 

sprinkler protection may be encountered.  
 

a. This protection method is intended to suppress fires in their early 
stages rather than simply control them until manual fire fighting can 
extinguish the fire. 

 
b. ESFR systems are highly sophisticated and should be reviewed and 

approved only by qualified persons. 
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COMMODITY CLASSIFICATIONS

Class Examples

I
• Alcoholic beverages not exceeding 20% alcohol.
• Bagged cement.
• Glass bottles in single-thickness cardboard boxes.

II
• Foods in combustible containers.
• Light bulbs in cartons.
• Thinly coated wire on reels or in cartons.

III
• Bagged feed.
• Wood doors, frames and cabinets.
• Baled waste paper.

IV
• Synthetic clothing.
• Plastic upholstered furniture.
• Oil-based paints in combustible containers.

High- or special
hazard

• Level 3 aerosols.
• Lubricating or hydraulic fluids in plastic containers.
• Rubber tires.

 

  
  
  
  
  
  
  
  
  
  
  

 
D. Commodity classifications: Like occupancy hazard classes, storage arrays employ 

a method of classifying the products — a packaging and storage method called 
“commodity classification.” 

 
1. Commodities are classified based on their latent heat of combustion and 

HRR. 
 

2. The table on the slide illustrates examples of various commodities and their 
classifications. Class I commodities are the least hazardous with increasing 
hazards to Class IV. The International Fire Code (IFC) employs a “high-
hazard” category. 

 
3. NFPA 13 describes these high-hazard commodities as “special hazard 

occupancies” and offers separate chapters and design criteria for each. 
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PLASTIC GROUPS
Group A

Highest combustibility Group B Group C
Least combustibility

Acrylonitrile butadiene 
styrene (ABS) copolymer

Cellulosics
Cellulose acetate, ethyl 

cellulose
Melamine

Fiberglass reinforced
polyester Chloroprene rubber Phenolic

Polyethylene Nonexpanded natural 
rubber

Polyvinyl chloride
(PVC)

Polystyrene Silicone rubber Urea

Polypropylene Fluoroplastics Fluoroplastics

Polyurethane Polyvinyl fluoride
(PVF)

Styrene acrylonitrile
Note: This is not the entire list of referenced plastics. See NFPA 13.

 

  
  
  
  
  
  
  
  
  
  
  

 
E. Plastic groups: The presence of plastics in commodities can have a significant 

impact on the fire protection system design. 
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1. Plastics are classified into three groups based on their combustibility. 
 

a. Group A is the highest hazard class. 
 

b. Group B is the moderate hazard class. 
 

c. Group C plastics burn at about the same rate as ordinary 
combustibles (wood, paper, natural fiber cloth, etc.). 

 
2. Evaluating the type, amount and impact of plastics in stored commodities 

is a skill best left to qualified persons. 
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SPECIAL OCCUPANCIES
• Have one or more unique hazards not 

adequately addressed in general sprinkler 
design standards.

Photos courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
F. Special occupancies: NFPA 13 has a chapter for sprinkler design for at least 36 

special occupancies that may have one or more unique hazards that are not 
adequately addressed in the general sprinkler design standards. 

 
1. These are also outside the scope of this course. If a plans reviewer 

encounters a project that could fall under one or more of these standards, 
they should consult an experienced code official or third party for support. 
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SPECIAL OCCUPANCIES (cont’d)
• Flammable and combustible liquids.
• Aerosols.
• Hypobaric chambers.
• Animal housing.
• Cooling towers.
• Laboratories with chemicals.
• Wharves/Piers.
• Aircraft hangars.
• Light water reactors.
• Culturally significant properties.
• Coal mines.

Photo courtesy of National Park Service

 

  
  
  
  
  
  
  
  
  
  
  

 
2. Partial list of special occupancies. Check NFPA 13 for the complete and 

current list under “Special Occupancies.” 
 

a. Flammable and combustible liquids. 
 

b. Aerosols. 
 

c. Hypobaric chambers. 
 

d. Animal housing. 
 

e. Cooling towers. 
 

f. Laboratories with chemicals. 
 

g. Wharves/Piers. 
 

h. Aircraft hangars. 
 

i. Light water reactors. 
 

j. Culturally significant properties. 
 

k. Coal mines. 
 
 
IV. SPRINKLER DEMAND: DENSITY/AREA CURVES 
 

A. Once the hazard classification(s) has been established, the designer must determine 
how the system will be designed to ensure that it is capable of controlling or 
suppressing a fire. 
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1. With most modern sprinkler systems, this is done through a “hydraulic 
design” approach where the design specifies a water application rate over a 
specific area. This is known as the density/area approach. 

 
2. The plans reviewer must be able to interpret density/area curves for 

successful plans review. 
 

3. The key to successful fire outcomes is simple: apply enough water at the 
right rate over the burning materials to control a fire until the fire department 
arrives to suppress it. 
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DESIGN PRINCIPLE
If system can control fire in most hydraulically 
challenging areas, anything upstream will be 
protected adequately.

 

  
  
  
  
  
  
  
  
  
  
  

 
B. Design principle. 

 
1. If a sprinkler system can control fire in the most hydraulically challenging 

areas, anything upstream of the remote area is adequately protected.  
 

2. The hydraulic remote area may not be the physically most remote from 
where the riser enters the building. The designer will analyze the most 
efficient way to deliver water through pipe configurations and sizes. 

 
3. The remote area is analyzed by the hydraulic worksheets described in Unit 

1: Preparing for Plans Review and which will be explained in detail in Unit 
6: Hydraulic Remote Design Areas and Unit 7: Evaluating Sprinkler 
Hydraulic Calculations. 
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DESIGN OBJECTIVE
• Deliver water at required volume/pressure 

to control fire.
• Density/Area curve most widely used 

method.
– Density: flow in gallons per minute (gpm).
– Area: floor area in specific location (square 

feet).

 

  
  
  
  
  
  
  
  
  
  
  

 
C. Design objective. 

 
1. Deliver water at required volume and pressure to control fire by overcoming 

the HRR and latent heat of combustion. 
 

2. Density/Area curve from NFPA 13 is the most widely used method. 
 

a. Density: flow in gallons per minute (gpm). 
 

b. Area: floor area in specific location (square feet). 
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REMOTE AREA
Water flow covers explicit area.
• Hydraulic remote area.
• Remote area.
• Design area.
• Area of application.
• Demand area.

Plan View

 

  
  
  
  
  
  
  
  
  
  
  

 
D. Remote area. 

 
1. Water flow covers an explicit area. Depending upon local practices and 

traditions, this also may be called the: 
 

a. Hydraulic remote area. 
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b. Remote area. 
 

c. Design area. 
 

d. Area of application. 
 

e. Demand area. 
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DENSITY/AREA CURVES
Hazard class driven.
• Higher hazard class requires more 

density/area.
• Assumes all sprinklers in design area 

flowing.

 

  
  
  
  
  
  
  
  
  
  
  

 
2. Hazard class driven. The amount of water and the size of the remote area 

are described in the density/area curve graph in NFPA 13. 
 

a. Higher hazard classes require more density/area. 
 

b. Assumes all sprinklers in the design area are flowing.  
 

- This is an important concept: The total water flow and 
pressure in the remote area are based on the assumption that 
every sprinkler in the remote area is discharging water 
simultaneously. 

 
- Given that, statistically, 97% of fires with operating 

sprinklers are controlled by five or fewer sprinklers (Ahrens, 
2017), the fact that the design anticipates all sprinklers 
operating provides an inherent safety margin in the design. 

 
3. A single building may have more than one hydraulic remote area depending 

upon the type of occupancy, uses and sprinkler design. 
 

For example, a manufacturing facility with offices and storage areas may 
have at least three remote areas: 

 
a. Office: Light Hazard. 
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b. Manufacturing: Ordinary or Extra Hazard. 
 

c. Storage: Ordinary or Special Storage Hazard. 
 

Slide 2-49

DENSITY/AREA CURVES (cont’d)

Screenshot image courtesy of NFPA

 

  
  
  
  
  
  
  
  
  
  
  

 
4. Density/Area curves from NFPA 13. 

 
a. The left-to-right (“X”) axis of this graph represents the minimum 

flow in gpm per square foot that is necessary to control a fire. This 
is the density. 

 
b. The bottom-to-top (“Y”) axis represents the minimum area of 

application in square feet required by the standard. This is the area 
of application, remote area, hydraulic area, etc. 

 
c. The five sloping lines represent the five hazard classifications 

addressed in NFPA 13: 
 

- Light Hazard. 
 

- Ordinary Hazard, Group 1. 
 

- Ordinary Hazard, Group 2. 
 

- Extra Hazard, Group 1. 
 

- Extra Hazard, Group 2. 
 

d. Although the lines are straight, historically they are called “curves.” 
 

e. The sprinkler designer must show that the design density curve 
intersects the area of application at a point on or to the right of the 
curve specified for the hazard class. 
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- The intersection of the density and area of application on the 
designated line is the minimum that meets NFPA 13.  

 
- Any point that occurs to the right of this intersection is above 

the minimum requirements. Special rulings from code 
officials or property insurance underwriters may require 
these higher densities or areas of application. 

 
f. The designer will satisfy the minimum requirements if the 

intersecting point occurs anywhere along the hazard classification 
curve. The designer may choose a lesser density and larger area of 
application, or a smaller area of application and greater density. 
These decisions usually are based on the available pressure and flow 
from the water source. 
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EXAMPLE: OFFICE

Screenshot image courtesy of NFPA

 

  
  
  
  
  
  
  
  
  
  
  

 
5. Example: office. 

 
a. Light Hazard occupancy. 

 
b. Designer selects 0.10 gpm per square foot over a 1,500-square-foot 

area of application. 
 

- Common industry shorthand: 0.10/1,500. 
 

c. Assuming the office is a Light Hazard occupancy, this density/ area 
selection complies with NFPA 13. 
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EXAMPLE: MERCANTILE

Screenshot image courtesy of NFPA

 

  
  
  
  
  
  
  
  
  
  
  

 
6. Mercantile example 1. 

 
a. Ordinary Hazard, Group 2 occupancy. 

 
b. Designer selects 0.19 gpm over 2,000 square feet. 

 
c. Assuming the mercantile is an Ordinary Hazard, Group 2 

occupancy, this density/area selection complies with NFPA 13. 
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EXAMPLE: MERCANTILE (cont’d)

Screenshot image courtesy of NFPA

 

  
  
  
  
  
  
  
  
  
  
  

 
7. Mercantile example 2. 

 
a. Ordinary Hazard, Group 2 occupancy. 

 
b. Designer selects 0.16 gpm over 3,600 square feet. 

 
c. Assuming the mercantile is a Ordinary Hazard, Group 2 occupancy, 

this density/area selection complies with NFPA 13. 
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EXAMPLE: FLOW COATING

Screenshot image courtesy of NFPA

 

  
  
  
  
  
  
  
  
  
  
  

 
8. Example: flow coating. 

 
a. Extra Hazard, Group 2 occupancy. 

 
b. Designer selects 0.40 gpm over 2,500 square feet. 

 
c. Assuming the flow coating operation is an Extra Hazard, Group 2 

occupancy, this density/area selection complies with NFPA 13. 
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DEMAND COMPARISON
Density x area = rough hydraulic estimate.

Example Hazard
class

Selected
density

Area
(square feet)

Demand
(gpm)

Office Light 0.10 gpm 1,500 150 

Mercantile Ordinary 
Hazard 2

0.19 gpm 2,000 380

Mercantile Ordinary 
Hazard 2

0.16 gpm 3,700 592

Flow coating Extra 
Hazard 2

0.40 gpm 2,500 1,000

 

  
  
  
  
  
  
  
  
  
  
  

 
E. Demand comparison among four examples. 

 
1. By multiplying the density (gpm per square foot) by the area of application, 

the designer can obtain a very rough estimate of the amount of water that 
will be needed to control a fire in the hydraulic remote area. 

 
2. Rough estimate water demand: 
 

a. Office: 150 gpm. 
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b. Mercantile example 1: 380 gpm. 
 

c. Mercantile example 2: 592 gpm. 
 

d. Flow coating: 1,000 gpm. 
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SOURCE PRESSURE VERSUS 
FLOW

• Upper example.
– High pressure, low volume.

• Lower example.
– Low pressure, high volume.

Example Hazard
class Selected density Area

(square feet)
Demand

(gpm)
Mercantile Ordinary 

Hazard 2
0.19 gpm 2,000 380

Mercantile Ordinary 
Hazard 2

0.16 gpm 3,700 592

 

  
  
  
  
  
  
  
  
  
  
  

 
F. Source pressure versus flow. 

 
Designer may pick any point on the curve to adjust for water source considerations. 

 
1. In the first mercantile example, the water source may have high pressure 

but low volume, so the designer selects a greater density but smaller area of 
application. The rough water demand is 380 gpm. 

 
2. In the second mercantile example, the water source may have high volume 

but low pressure, so the designer selects a greater area of application but 
lesser density. The rough water demand is 592 gpm. 

 
3. As long as the proposed design intersects the curve at some point, or falls 

to the right of the curve, it satisfies the minimum NFPA 13 requirements. 
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AREA LIMITS
• For smaller application areas, use curve 

minimum.
• No need to exceed larger area.

Hazard class Area less than
(square feet)

Selected density
(gpm/square 

feet.)
Light 1500 0.10

Ordinary 
Hazard 1

1500 0.15

Ordinary 
Hazard 2

1500 0.20

Extra Hazard 1 2500 0.30

Extra Hazard 2 2500 0.40

Screenshot image courtesy of NFPA

 

  
  
  
  
  
  
  
  
  
  
  

 
G. Remote area limits. 

 
1. For smaller application areas, use the minimum density from the curve. 

 
a. Light/Ordinary Hazard: Remote area smaller than 1,500 square feet, 

use the 1,500-square-foot density value. 
 

b. Extra Hazard: Remote area smaller than 2,500 square feet, use the 
2,500-square-foot density value. 

 
2. There is no requirement to increase the size of any remote area beyond what 

the curves provide.  
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DEMAND COMPARISON (cont’d)
990 square feet
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DINING ROOM: 0.10/990 SQUARE 
FEET

Screenshot image courtesy of NFPA
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ACTIVITY 2.3 
 

Density/Area Curves 
 
Purpose 
 
Interpolate NFPA 13 density/area curves. 
 
 
Directions 
 
1. Using the NFPA 13 density/area curves, fill in the blanks of the following examples. 

Once you have done that, compute a rough estimate of water demand for the described 
conditions. 

 
2. Your answers should be within plus or minus 5% of the correct values. 
 
 
 Occupancy class Density 

(gpm/square foot) 
Area 

(square feet) 
Estimated total flow 

(gpm) 
1 Light Hazard 0.07   

2 Ordinary Hazard, 
Group 1 0.11   

3 Ordinary Hazard, 
Group 2  2,500  

4 Extra Hazard, 
Group 2  4,000  

5 Extra Hazard, 
Group 2 0.375   

 
Optional (not graded): If you require additional practice, fill in the blanks of the following 
examples: 
 
 Occupancy class Density 

(gpm/square foot) 
Area 

(square feet) 
Estimated total flow 

(gpm) 

6 Extra Hazard, 
Group 2 0.315   

7 Ordinary Hazard, 
Group 1  3,350  

8 Extra Hazard, 
Group 1  3,750  

9 Light Hazard  2,650  

10 Ordinary Hazard, 
Group 2  2,600  

 
  



HAZARD CLASSIFICATION 

SM 2-40 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This page intentionally left blank. 
 
 
 
 
  



HAZARD CLASSIFICATION 

SM 2-41 

ACTIVITY 2.4 
 

“Real World” Impacts 
 
Purpose 
 
Understand how hazard class values affect sprinkler system water supply requirements. 
 
 
Directions 
 
1. Using the slides and your responses from Activity 2.2, you will compare how the hazard 

class values you chose affect sprinkler system water supply requirements.  
 
2. Area/Density values on the slides have been selected randomly, solely for the purpose of 

the activity. You may have to interpolate points on the curve due to the curves’ error 
margin. 

 
3. Using the points on the curves for the hazard class you applied in Activity 2.2, determine 

the estimated flow in gpm for the remote area.  
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ACTIVITY 2.4 (cont’d) 
 

“Real World” Impacts Worksheet 
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ACTIVITY 2.5 
 

Density/Area Verification 
 
Purpose 
 
Evaluate NFPA 13 density/area proposals using scenarios and justify the decisions. 
 
 
Directions 
 
1. The instructor will walk you through the solution to the first scenario. 
 
2. Your group will be assigned a scenario in which density/area proposals will be provided 

for review and approval. Using NFPA 13, your group should evaluate if the proposals are 
suitable.  

 
3. You will have to make a consensus decision to approve or reject the submittal and write a 

short justification for your decision. 
 
4. Each group will present their findings to the larger class the following day. 
 
 
Scenarios 
 
1. The instructor will review the hydraulic design cover sheet for the restaurant dining room 

in The Learning Square project. It includes information on the design/area designations.  
 

Based on the information provided, do you approve or reject the submittal, and why? 
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2. Maxim’s Nouvelle Cuisine will be a newly constructed Group A-2 occupancy with a 
seating capacity of 362 persons. The building will be a one-story, Type VB construction 
measuring 10,820 square feet. The building will include formal dining seating, a 
commercial kitchen, a sous kitchen, dry storage, an 800-square-foot walk-in cooler, a 
1,000-square-foot boulangerie (bread bakery), and a mahogany-paneled cocktail lounge. 

 
The sprinkler design calls for a complete wet pipe system with an overall design density 
of 0.09 gpm over 2,000 square feet. 
 
Do you approve or reject the submittal, and why? 
 
  
 
  
 
  
 
  
 
  
 

3. Hammerin’ Hank’s Bargain World wants to occupy a former supermarket that was a 
Type IIIB building, Group M occupancy measuring 48,000 square feet with a 2,000-
square-foot office mezzanine. Hammerin’ Hank is a local legend for buying and reselling 
dry stock from failed businesses. At any time, his store might include furniture and 
bedding (including mattresses), camping gear, bicycles and toys, books and music 
collections (CDs and DVDs), clothing, fishing tackle and hunting supplies (guns and 
ammunition), pesticides, herbicides, fertilizers, and paints of all kinds. Products are 
stored on the floor or shelves six feet high. 

 
Fifteen years ago, Hammerin’ Hank’s original store burned to the ground, so he is very 
cautious about fire safety and always complies with all codes and standards. He is willing 
to make changes to the sprinkler system to satisfy current standards. 

 
An analysis by the fire sprinkler company shows that the design for the supermarket 
sprinkler was 0.09 over the entire area of the mezzanine, and 0.17 over 3,000 square feet 
throughout the retail area. The sprinkler company says no changes are needed. 
 
Do you approve or reject the submittal, and why? 
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4. Blazac® Corporation wants to build a new tractor and semitruck painting facility. The 
company promises to employ 150 or more new highly skilled painters and shop operators 
and pay them union wages with benefits. 

 
The proposed building will be a Group F-1, Type IIB construction measuring 120,000 
square feet. It will be 28 feet tall in the production area. The building will be fully 
sprinklered and complies with the building code for allowable height and area. At the 
northeast corner of the building, between the production area and parking, there will be a 
10,000-square-foot administrative building that is connected to the plant by a 
noncombustible, enclosed pedestrian walkway that has tempered glass walls. 

 
To accommodate the large objects being painted, the plant will have six drive-through 
paint spray rooms. The spray rooms are classified as Group H-2 occupancies and are 
constructed with four-hour fire barriers to separate them from the production floor. There 
also is a Group H-3 flammable liquid storage room where liquids are piped under low 
pressure (less than 15 pounds per square inch (psi)) to the paint rooms. 

 
Although there is no open-flame welding, there is “final stage” grinding before painting, 
where tractors and truck cabs get a final check to verify that there are not exposed, 
shaped metal edges or burs. 

 
The fire sprinkler plans include the following legend explaining the proposed design 
densities: 

 

Location Hazard class Density 
(gpm) 

Application area 
(square feet) 

Office Light Hazard 0.10 1,500 
Production floor Ordinary Hazard, Group 1 0.17 3,600 
Spray rooms Extra Hazard, Group 2 0.35 3,800 
Flammable liquid storage Ordinary Hazard, Group 2 0.25 3,750 

 
 

Do you approve or reject the submittal, and why? 
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5. Marge Bauer plans to open “The Hair Cuttery” in the end unit of an old outdoor shopping 
mall. When the shopping mall was built, there was no water supply in the area, so it was 
permitted to be constructed without sprinklers. Under current code — and because of the 
remodel — the floor area between fire barriers now requires the unit to be sprinklered. 

 
The sprinkler contractor submits a design proposal at 0.10 gpm over 1,800 square feet. 
Recent flow tests in the area show the dead-end water system capable of flowing only 
312 gpm. 

 
Do you approve or reject the submittal, and why? 
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V. SUMMARY 
 

Slide 2-73

SUMMARY
• Hazard classifications.
• Storage and special hazards.
• Design density.
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Accessing Online Codes and Standards 
 
Both the National Fire Protection Association (NFPA) and International Code Council (ICC) allow 
users to review their codes and standards online at no cost. These “read only” versions may not be 
edited, highlighted, downloaded or otherwise modified, but they provide a resource to codes and 
standards users.  
 
To obtain access to these documents, follow the steps outlined below.  
 
National Fire Protection Association Codes and Standards 
 
1. Point your web browser to the NFPA home page: www.nfpa.org. 
 
2. Select “Codes & Standards.”  
 
3. Select “Free access.”  
 
4. Select “View the list of NFPA’s codes and standards.”  
 
5. Select the code or standard you wish to view.  
 
6. Select “Free Access.”  
 
7. Using the drop-down menu under “Select the Free Access Edition,” select the code or 

standard edition you wish to view.  
 
8. Select “View.” 
 
9. You must consent to the NFPA user agreement to proceed. Select “I Agree.”  
 
10. Once it appears, you may scroll through the document. In PDF files, Crtl+F allows the user 

to search on key words.  
 
 
International Code Council Codes and Standards 
 
1. Point your web browser to the ICC home page: www.iccsafe.org.  
 
2. Select “Online Building Codes.” 
 
3. In the search box next to “Find Codes” enter key words, e.g., “2015 IFC.”  
 
4. Select the Search icon (magnifying glass).  
 
5. When the code and edition appear, select “Free View.”  
 
6. You will be delivered to that code edition’s Table of Contents. Scroll to the code section 

you wish to view.  
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COMMERCIAL FIRE SPRINKLER SYSTEM PLANS REVIEW 

  

 
 
 
 
 
 
 
 
 
 

UNIT 3: 
WATER SUPPLIES AND DELIVERY 

SYSTEMS 
 
 
 

TERMINAL OBJECTIVE 
 
The students will be able to:  
 
3.1 Evaluate the water supply system’s ability to supply a fire protection system given the performance 

capabilities of a water supply system and a set of plans. 
 
 

ENABLING OBJECTIVES 
 
The students will be able to: 
 
3.1 Compare the volume, reliability, functionality and features of the water sources available to supply 

sprinklers. 
 
3.2 Conclude if the specific sample water supply system components comply with National Fire Protection 

Association (NFPA) 24, Standard for the Installation of Private Fire Service Mains and Their Appurtenances. 
 
3.3 Determine if the underground piping configuration meets nationally recognized standards. 
 
3.4 Evaluate the water supply test point data using a site plan. 
 
3.5 Evaluate the calculations for the water storage capacity of a cylindrical suction tank and a water storage 

reservoir. 
 
3.6 Verify the minimum required water supply for a sprinkler system. 
 
3.7 Verify the minimum required water supply for a combined sprinkler system. 
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UNIT 3:
WATER SUPPLIES AND 

DELIVERY SYSTEMS
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TERMINAL OBJECTIVE
Evaluate the water supply system’s ability to 
supply a fire protection system given the 
performance capabilities of a water supply 
system and a set of plans.
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ENABLING OBJECTIVES
• Compare the volume, reliability, 

functionality and features of the water 
sources available to supply sprinklers.

• Conclude if the specific sample water 
supply system components comply with 
National Fire Protection Association 
(NFPA) 24, Standard for the Installation of 
Private Fire Service Mains and Their 
Appurtenances.
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ENABLING OBJECTIVES 
(cont’d)

• Determine if the underground piping 
configuration meets nationally recognized 
standards.

• Evaluate the water supply test point data 
using a site plan.

• Evaluate the calculations for the water 
storage capacity of a cylindrical suction 
tank and a water storage reservoir.
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ENABLING OBJECTIVES 
(cont’d)

• Verify the minimum required water supply 
for a sprinkler system.

• Verify the minimum required water supply 
for a combined sprinkler system.

 

  
  
  
  
  
  
  
  
  
  
  

 
 
I. WATER SOURCES 
 

A. Not every jurisdiction has the luxury of being able to connect fire sprinkler or 
standpipe systems to “municipal-type” water service that includes large storage 
tanks, distribution and service mains, or even fire hydrants. In some instances, fire 
sprinkler systems may have to be connected directly to their own supply sources 
such as tanks or ponds. 

 
B. This section addresses the water sources included in National Fire Protection 

Association (NFPA) 13, Standard for the Installation of Sprinkler Systems, and 
NFPA 14, Standard for the Installation of Standpipe and Hose Systems. 
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WATER SOURCES
• NFPA recognizes four 

“automatic” types.
– Public and private.
– Fire pump assemblies.
– Pressure tanks.
– Gravity or suction tanks.

Photo courtesy of Integra Code Consultants
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WATER SOURCES (cont’d)
• Public.

– Domestic, industrial, 
fire.

– Separate domestic and 
fire.

• Private.
– Owner designed/

maintained.

Photo courtesy of Integra Code Consultants

 

  
  
  
  
  
  
  
  
  
  
  

 
C. All sprinkler systems must be connected to an automatic water source. NFPA 

recognizes four automatic sources. 
 

1. Public and private. 
 

a. Public (municipal, water districts and similar entities). These 
providers may supply water for: 

 
- Combined domestic, industrial and fire protection uses. 

 
- Separate domestic and fire supplies. 

 
b. Private (water companies, on-site supplies). 

 
- Owner designed/maintained. 
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WATER SOURCES (cont’d)
• Fire pumps with raw water 

sources.
– NFPA 20, Standard for the 

Installation of Stationary
Pumps for Fire Protection,
compliance.

– Reliability.
-- Power.
-- Drought or freezing.
-- Leakage.
-- Testing and maintenance.

– Contamination.
Photos courtesy of Integra Code Consultants

 

  
  
  
  
  
  
  
  
  
  
  

 
2. Fire pump assemblies with raw water sources (tanks, lakes, ponds, 

reservoirs, salt water). 
 

a. Pump installations must comply with NFPA 20, Standard for the 
Installation of Stationary Pumps for Fire Protection. 

 
b. Reliability: Pump assemblies must be dependable. 

 
- Power supplies must be maintained. 

 
-- Electric or diesel. 

 
- Drought or freezing issues must be considered in the design. 

 
- Leakage from the water supply should be monitored to 

prevent volumes falling below requirements. 
 

- Testing and maintenance requirements should be 
implemented to enhance reliability. 

 
c. Contamination: Water sources should be free from contaminants 

(vegetation, dirt/rocks, chemicals, etc.) that might affect pump 
performance. 
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WATER SOURCES (cont’d)
• Pressure tanks.

– NFPA 22, Standard 
for Water Tanks for 
Private Fire 
Protection, 
compliance.

– Operation.
-- Air pressure.

– Reliability.
-- Air pressure.

Photo courtesy of Integra Code Consultants

 

  
  
  
  
  
  
  
  
  
  
  

 
3. Pressure tanks: used most often in remote areas where other sources are 

unavailable. 
 

a. NFPA 22, Standard for Water Tanks for Private Fire Protection, 
compliance is required. 

 
- Capacity is approved by the code official based on the 

protected hazard. 
 

- Vessels must meet “ASME Boiler and Pressure Vessel 
Code” strength standards for unfired pressure vessels. 

 
b. Operation.  

 
- Air pressure: Pressure tanks operate by compressed air 

pushing water through the pipes and out sprinklers when a 
sprinkler opens. 

 
- Air quantity must be adequate to push all the water out of the 

tank. 
 

c. Reliability. 
 

- Air pressure must be maintained with a compressor sized in 
accordance with tank volume. 
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WATER SOURCES (cont’d)
• Gravity or suction tanks.

– NFPA 22 compliance.
– Operation.

-- Gravity or fire pump.

Photos courtesy of Commonwealth Fire Protection

 

  
  
  
  
  
  
  
  
  
  
  

 
4. Gravity or suction tanks. 

 
a. NFPA 22 compliance required. 

 
b. Operation. 

 
- Gravity or fire pump water delivery. 
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WATER SOURCES (cont’d)
• Regional considerations.

– Seismic design.
– Antifreeze solution or tank heating.

Photos courtesy of Commonwealth Fire Protection

 

  
  
  
  
  
  
  
  
  
  
  

 
D. Regional considerations. 

 
1. Seismic design based on earthquake potential. 

 
2. Antifreeze solution or tank heating for cold environments. 
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VOLUME VERIFICATION
• Reservoir volume.

– Length x width x depth 
x 7.48

• Cylinder tank volume.
– (π x radius² x height) x 

7.48

Photo courtesy of Integra Code Consultants

 

  
  
  
  
  
  
  
  
  
  
  

 
E. Volume verification: The code official may be asked to verify the volume of various 

water sources. This is easily accomplished with simple arithmetic. 
 

1. Reservoir volume can be computed by the formula: 
 

Length x width x depth x 7.48 (cubic feet per gallon) 
 

2. Cylindrical tank volumes can be computed by the formula: 
 

(π x radius² x height) x 7.48 
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L = 50

W = 35

D = 8

V (gallons) = (L x W x D) x 7.48

Photo courtesy of Integra Code Consultants
Slide 3-13  

  
  
  
  
  
  
  
  
  
  
  

 
3. Reservoir example.  

 
a. Dimensions: 

 
- Length = 50 feet. 

 
- Width = 35 feet. 
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- Depth of the vertical turbine fire pump bowl = 8 feet. 
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L = 50

W = 35

D = 8

V (gallons) = (50 x 35 x 8) x 7.48
V (gallons) = (14,000) x 7.48

104,720 gallons

Photo courtesy of Integra Code Consultants
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b. Solution.  

 
- Volume = (14,000 cubic feet) x 7.48. 

 
- Total available supply = 104,720 gallons. 
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r = 12

V (gallons) = (π x r2 x h) x 7.48

h = 32

Photo courtesy of Integra Code Consultants

 

  
  
  
  
  
  
  
  
  
  
  

 
4. Aboveground cylindrical tank (example 1). 

 
a. Dimensions: 

 
- Height = 32 feet. 

 
- Radius = 12 feet. 
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r = 12

h = 32

V (gallons) = (3.14 x 12² x 32) x 7.48
V (gallons) = (14,469.12) x 7.48

108,229.01 gallons

Photo courtesy of Integra Code Consultants

 

  
  
  
  
  
  
  
  
  
  
  

 
b. Solution. 

 
- Volume = (14,469.12 cubic feet) x 7.48. 

 
- Total available supply = 108,229.01 gallons. 
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r = 45

h = 15

V (gallons) = (π x r2 x h) x 7.48

Photo courtesy of Integra Code Consultants
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5. Aboveground cylindrical tank (example 2). 

 
a. Dimensions: 

 
- Height = 15 feet. 

 
- Radius (r) = 45 feet. 
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r = 45

h = 15

V (gallons) = (3.14 x 2,025 x 15) x 7.48
V gallons = (95,377.50) x 7.48

713,423.70 gallons

Photo courtesy of Integra Code Consultants
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b. Solution. 

 
- Volume = (95,377.50 cubic feet) x 7.48. 

 
- Total available supply = 713,423.70 gallons. 
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ACTIVITY 3.1 
 

Available Stored Water Supply 
 
Purpose 
 
Calculate the amount of stored water available, given a depiction of a scene with mixed water 
capability and the dimensions of the stored water sources. 
 
 
Directions 
 
1. In small groups, you will calculate the total available stored water from the example.   
 
2. Each group will be asked to provide the answer to the problem. The instructor will then 

review the correct answer and discuss any discrepancies. Remember that a radius equals 
half of a diameter (or diameter = radius x 2). 

 
 
Scenario 
 
The owner of Acme Metal and Plastic fabrication has been in business 17 years and now wants 
to expand operations by adding three 800,000-square-foot buildings. 
 
One building will be used for raw material storage, one for production, and the third will be for 
storing finished products on racks. 
 
The property insurance underwriter wants to know the available on-site water volume for fire 
protection systems and manual suppression. 
 
The owner claims that there is a combined total of 2.3 million gallons between the elevated tank 
and reservoir and wants you to write a letter to their insurance company verifying the volume. 
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ACTIVITY 3.1 (cont’d) 
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II. WATER MAIN COMPONENTS 
 

A. This section will address the infrastructure components that are needed to deliver 
water from its source to the building. These components must be reliable, designed 
for efficiency and comply with national standards for public or private water 
service. 
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WATER MAIN COMPONENTS
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MAINS
• Grid or looped design enhances:

– Reliability.
– Redundancy.
– Reduced friction. 

Photo courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
B. Mains. 

 
1. Gridded or looped underground main network designs are preferred to 

enhance system reliability and redundancy and to reduce friction losses in 
water services. 
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MAINS (cont’d)
• NFPA 24.
• American Water Works Association 

(AWWA).
• Listed pipe.

Photos courtesy of Integra Code Consultants

 

  
  
  
  
  
  
  
  
  
  
  

 
2. NFPA 24, Standard for the Installation of Private Fire Service Mains and 

Their Appurtenances, is the primary standard for the design and installation 
of water services on private property. 

 
The American Water Works Association (AWWA) provides design guides 
and standards for public infrastructure. 
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MAINS (cont’d)
• “Appurtenances.”

– Hydrants.
– Valves.
– Hose houses.

Photos courtesy of Integra Code Consultants

 

  
  
  
  
  
  
  
  
  
  
  

 
3. “Appurtenances” are features connected to or controlling private fire 

service mains: 
 

a. Fire hydrants. 
 

b. Control valves. 
 

c. Backflow prevention devices. 
 

d. Hose houses. 
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• Do you know where “public” infrastructure 
ends and “private” infrastructure begins 
on projects in your jurisdictions?

• Who is responsible for the design, 
installation, inspection, testing, approval 
and maintenance of private infrastructure 
on projects in your jurisdictions?
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• Pipe must be listed/comply with these 
standards.

Material Standard(s) Diameters 
(inches)

Ductile iron AWWA C104, C105, C110, C115 3-48 
Steel AWWA C200, C203, C205, C206 6-144
Concrete AWWA C300, C301, C302, C303

Asbestos
concrete AWWA C400, C401

4-16

Plastic AWWA C900, C906 4-63
Copper ASTM B75, B88, B251

MAINS (cont’d)

 

  
  
  
  
  
  
  
  
  
  
  

 
4. Water mains can be made from a variety of materials but must be listed with 

one of the standards shown in the table on the slide. 
 

5. The table provides the: 
 

a. Materials. 
 

b. Listing standards. 
 

c. Sizes that are regulated by the listing. 
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MAINS (cont’d)
• Rated working pressure: 

150 pounds per square inch 
(psi).

• Steel may be used on 
underground between fire 
department connection (FDC) 
and check valve if wrapped, 
lined or internally galvanized.
– Not considered a primary 

source.

Photo courtesy of Integra Code Consultants  

  
  
  
  
  
  
  
  
  
  
  

 
6. Water mains must be capable of sustaining a working pressure of 150 

pounds per square inch (psi). 
 

a. According to NFPA 13, working pressure is “the maximum 
anticipated static (nonflowing) or flowing pressure applied to 
sprinkler system components exclusive of surge pressures and 
exclusive of pressure from the fire department connection (FDC)” 
(NFPA, 2019, section 3.3.216). 

 
b. Working pressure (150 psi) is different from the post-installation 

hydrostatic test pressure of 200 psi. 
 

c. Steel pipe wrapped and lined per applicable standards may be used 
between hose couplings and check valves on FDC. 

 
d. Steel pipe has a poor history of performance underground due to 

leaks and other failures. Steel is not permitted to supply a primary 
water source. 

 
- Remote FDCs may have a portion of their lines underground. 

If the pipe is steel, it must be wrapped and lined or internally 
galvanized. 

 
- FDC line is not considered a primary water source, so steel 

pipe may be installed. 
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MAINS (cont’d)
• Water mains not less than 6 inches in 

diameter.
– Systems not hydraulically calculated require a  

main at least as large as the system riser.

Photo courtesy of Keith Heckler
Photos courtesy of Integra Code Consultants

 

  
  
  
  
  
  
  
  
  
  
  

 
7. Water mains should not be less than 6 inches in diameter. 

 
Systems that are not hydraulically calculated require a service main at least 
as large as the system riser. 

 

Slide 3-31

MAINS (cont’d)
• If not supplying hydrants, less 

than 6 inches permitted:
– Calculations show main meets 

total demand/pressure. 
• Supply only: 

– Automatic sprinklers.
– Open sprinkler systems.
– Water spray fixed systems. 
– Foam systems.
– Class II standpipes.

Photo courtesy of Integra Code Consultants

 

  
  
  
  
  
  
  
  
  
  
  

 
8. Water mains less than 6 inches in diameter may be used if they are not 

supplying fire hydrants, and calculations show the main meets total 
demand/pressure.  

 
9. Water mains may be smaller than 6 inches if they supply only:  

 
a. Automatic sprinklers. 

 
b. Open sprinkler systems. 

 
c. Water spray fixed systems.  

 
d. Foam systems. 
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e. Class II standpipes because they require only 100 gallons per minute 
(gpm). 
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MAINS (cont’d)
• Cover depth.

– Measure from top of pipe to finished grade.
– Consider future final grade and soil nature.

Conditions Minimum cover depth 
(inches)

All 30 
Driveways 36
Railroad tracks 48
Frost line 12 below
Building foundations 12 below

 

  
  
  
  
  
  
  
  
  
  
  

 
10. Cover depth: Pipe must be protected from physical and environmental 

factors. It should be covered based on where the pipe is installed: 
 

a. Measure from top of the pipe to the finished grade. 
 

b. Consider future final grade and soil nature. 
 

- All pipe should be at least 30 inches underground. 
 

- Where pipe runs under driveways or roads, it should be at 
least 36 inches deep. 

 
- Where pipe is under unusually heavy loads such as railroad 

tracks, burial depth should be at least 48 inches. 
 

- To prevent water lines from freezing, they should be buried 
at least 12 inches beneath the local frost line. 
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MAINS (cont’d)

Disclaimer: The frost line map was drawn based on data from the U.S Department of 
Commerce. Keep in mind your local building official will be able to provide the most accurate 
information based on your particular area.

Frost Line Map 
provided courtesy of 
Hammerpedia.com
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MAINS (cont’d)

What is the minimum 
cover depth for an 

8-inch main beneath 
a Detroit, MI, driveway?

Frost Line Map 
provided courtesy of 
Hammerpedia.com
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MAINS (cont’d)

From NFPA 13, what is the minimum 
cover depth for a
6-inch main for 

The Learning Square?

Frost Line Map 
provided courtesy of 
Hammerpedia.com
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MAINS (cont’d)
Base of riser 
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MAINS (cont’d)
• Pipe installation beneath structures.

– Special situations and precautions.
-- Arching foundation walls over pipe.
-- Running pipe in covered trenches.
-- Providing valves to isolate sections of pipe under 

buildings.

 

  
  
  
  
  
  
  
  
  
  
  

 
11. Pipe installation beneath structures should be avoided. If it must be done, 

NFPA 22 provides the following special situations and precautions: 
 

a. Arching foundation walls over pipe. 
 

b. Running pipe in covered trenches. 
 

c. Providing valves to isolate sections of pipe under buildings (NFPA, 
2018). 
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VALVES

 

  
  
  
  
  
  
  
  
  
  
  

 
C. Valves. 

 
1. The underground valve symbols are highlighted on the slide to ease in their 

identification. This can be seen on Sheet S-1 (Site Plan). From top to bottom 
of the slide, the valves are for: 

 
a. The tee intersection of the existing 10-inch water mains on “C” 

Street and the fire lane. 
 

b. A fire hydrant south of the fire lane. 
 

c. The underground lead-in to the sprinkler systems for the hotel 
occupancy. 

 
2. Valves are employed in water systems to: 

 
a. Control water flow. 

 
b. Isolate pipe segments for maintenance and repair. 

 
3. NFPA 24 requires control at every water supply connection. 
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VALVES (cont’d)
• Underground.

– Buried.
– Valve box.
– Indicating.
– Nonindicating.

Photo courtesy of Keith HecklerPhoto courtesy of Integra Code Consultants

 

  
  
  
  
  
  
  
  
  
  
  

 
4. Underground valves: Valves installed where they are going to be buried can 

be: 
 

a. Buried if there is a valve box providing access to the operating nut. 
 

b. In a metal, plastic or concrete box with a lid that provides access to 
the entire valve assembly. 

 
c. Indicating (with an attached post indicator valve (PIV)). 

 
d. Nonindicating. 
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VALVES (cont’d)
• Valves supervised against 

tampering.
• Check valves required 

between each source. 

Photo courtesy of USFA

 

  
  
  
  
  
  
  
  
  
  
  

 
5. Other than the one underground control valve, any valves controlling water 

supplies into the fire protection system must be supervised against 
tampering. 

 
NFPA 13 allows a variety of supervisory methods, but the model fire codes 
typically require electronic supervision. 
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6. Check valves are required between each source so that if one drains the 
other is not affected. 
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VALVES (cont’d)

 

  
  
  
  
  
  
  
  
  
  
  

 
7. Identify location if: 

 
a. Supervised PIVs. 

 
b. Check valves isolating each source. 
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THRUST BLOCKS
• Engineered design to resist movement.

– Between undisturbed soil and fitting.

Elevation or plan view

 

  
  
  
  
  
  
  
  
  
  
  

 
D. Thrust blocks. 

 
1. Engineered design to resist pipe movement at elbows and tees where water 

direction changes. 
 

2. Installed between undisturbed soil and fitting. 
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RESTRAINED JOINTS
• Locking mechanical or push-on joints.
• Manufacturer’s instructions.

Photo courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
E. Restrained joints. 

 
1. Locking mechanical or push-on joints may be used as an alternative to thrust 

blocks. 
 

2. Manufacturer’s installation instructions must be followed. 
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BACKFLOW PREVENTION 
• Protect potable supply from contamination.

– Vertical and horizontal installations.

Photo courtesy of Integra Code Consultants

 

  
  
  
  
  
  
  
  
  
  
  

 
F. Backflow prevention devices. 

 
1. Protect potable supply from contamination. 

 
a. May be installed vertically or horizontally in accordance with their 

listings.  
 

b. The code official should verify with the water purveyor if it allows 
either the vertical or horizontal orientation. 
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• Public water system 
requirements.

• Fixed pressure loss device.
– Manufacturer’s specifications.

Graph courtesy of Zurn Wilkins

Photo courtesy of USFA

BACKFLOW PREVENTION 
(cont’d)

 

  
  
  
  
  
  
  
  
  
  
  

 
2. Public water system requirements establish where backflow prevention 

devices are required. 
 

a. Backflow prevention devices are not required by NFPA 13 or NFPA 
24. 

 
b. If a fire protection system is connected to a raw water source that 

has no chance of contaminating the potable supply (e.g., fire pump 
in pond or static tank), no backflow device should be installed. 

 
3. Backflow prevention equipment is described as a “fixed pressure loss 

device” because of its impact on fire protection system design. 
 

a. Manufacturer’s specifications will include graphs or charts showing 
the flowing pressure lost through the device at various flows. 

 
b. This information must be provided to accurately review the 

hydraulic calculations. 
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WATER METERS
• Evaluate meter influence on connection(s).
• Separate fire and domestic tap?
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G. Water meters may be part of the backflow prevention device or separate. 
 

1. If the fire protection service line has a meter installed on it, the meter’s 
impact on flowing pressure losses must be addressed in the hydraulic 
calculations.  

 
2. The plans examiner should verify if the fire protection system and potable 

(domestic use) water are served by the same line or if they are separate taps. 
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HYDRANTS
• Hose connections.
• Private hydrants.

– Spacing.
– Identification.

Photo courtesy of Integra Code Consultants

 

  
  
  
  
  
  
  
  
  
  
  

 
H. Hydrants may be connected to the private water main. 

 
1. The plans examiner should verify that the size, number, arrangement, and 

thread or quick-connect feature of the hose outlets meet local fire 
department standards. 

 
2. Private hydrants should be spaced in accordance with local standards and 

practices. 
 

3. Private hydrants may have to be identified separately from those on the 
public side of the service. This can be accomplished with colors, signs or 
other markings. 
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ACTIVITY 3.2 
 

Verifying National Fire Protection Association 24 Compliance 
 
Purpose 
 
Evaluate design documents for compliance with NFPA 24. 
 
 
Directions 
 
1. In small groups, you will be given five questions pertaining to the design and installation 

of The Learning Square underground water main and supply network. 
 
2. You are to evaluate the data provided and verify if the information complies with NFPA 

24 and design documents. 
 
3. At the end of the exercise, be prepared to share your findings with the rest of the class. 
 
 
Questions 
 
1. The Learning Square fire protection contractor tells you that the backflow prevention 

device near the base of the riser will, at 250 gpm, reduce the flowing pressure by not 
more than 2 psi. Is this correct? (Hint: Refer to “The Learning Square Manufacturers’ 
Product Literature” datasheet package.) 

 
  
 
  
 
  

 
2. While reviewing The Learning Square fire hydrant details, the contractor discovers that 

the specifications and NFPA 24 call for the hydrant outlets to have National Hose 
Standard threads in accordance with NFPA 1963, Standard for Fire Hose Connections. 
The fire department converted a decade ago to large-diameter supply hose with quarter-
turn quick connect couplings. Does NFPA 24 allow alternate hose threads? Why or why 
not? 
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3. Are the hydrants shown on The Learning Square site plan spaced far enough from the 
building(s) in accordance with NFPA 24? Why or why not? 

 
  
 
  
 
  

 
4. Sheet F-2 near grid coordinates C/D-13/14 shows the interior distance between the 

sprinkler riser and exterior wall. Is this distance within the allowable limits of NFPA 24? 
Why or why not? 

 
  
 
  
 
  

 
5. The plans describe the underground lead-in between the existing water mains as ductile 

iron pipe manufactured in accordance with the product standard AWWA C900, Polyvinyl 
Chloride (PVC) Pressure Pipe and Fabricated Fittings, 4 In. - 60 In. (100 mm - 1,500 
mm). Does this type of pipe comply with NFPA 24 for this use? Why or why not? 
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III. WATER SUPPLY EFFECTIVE POINT 
 

A. When preparing hydraulic calculations — in addition to the pipe and fittings inside 
the building — the designer must document the impact on the water supply of 
friction loss and elevation between the base-of-riser and the point where the hydrant 
flow test(s) was conducted.   

 
B. This test point must be identified on the plans, and in this course is defined as the 

“water supply effective point.” 
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TEST OBJECTIVE
• Effective point.

– Where water supply characteristics are 
known.
-- Pressure and flow.

• Verify pressure and volume.
– Close to proposed fire protection system.
– Same water supply zone.
– Same distribution network.

• Flow test currency.

 

  
  
  
  
  
  
  
  
  
  
  

 
C. Test objective: Flow tests are performed to obtain input data for the hydraulic 

calculations and to validate the water conditions. 
 

1. Effective point: location where water supply characteristics are known 
through testing for pressure and volume. 

 
2. Verify pressure and volume. 

 
a. Test hydrants should be as close as possible to the proposed fire 

protection system. 
 

b. Hydrants should be on the same water supply service zone. 
 

c. Hydrants should be on the same distribution network as the 
proposed project. 

 
3. Flow test currency. 

 
a. Test results should be as current as possible. 

 
b. The code official is authorized to approve if the tests are current. 
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SERVICE ZONES
• Historical 

development.
• Topography.
• Impediments.
• Storage and 

distribution 
capacity.

Photo courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
D. Service zones: In addition to different distribution networks, jurisdictions might 

have diverse service zones. Different service zones in the same jurisdiction may 
develop from: 

 
1. Historical development and growth where jurisdictional boundaries took 

over separate water purveyors. 
 

2. Topography where different elevations require different services. 
 

a. Higher elevations may require water to be pumped continuously 
from a lower elevation. 

 
b. Lower elevations may be fed by gravity. 

 
3. Development impediments (e.g., rail and highway corridors, power and gas 

line easements) may prohibit service zones crossing boundaries. 
 

4. Existing and proposed storage and distribution capacity may affect how 
zones are demarcated.  
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TEST POINTS
• Grid system: often 

hard to confirm 
water flow direction.

• Dead end: Flow 
hydrant should be 
downstream from 
test hydrant.
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E. Test points: Flow tests should be taken where they most accurately reflect the 
conditions that influence the fire protection system. 

 
1. Grid system: often hard to confirm water flow direction, but provides the 

highest degree of reliability. 
 

2. Dead end: Flow hydrant should be downstream from test hydrant. 
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PLAN VERIFICATION
• Pipe size.
• Distance.

– Effective point to base-
of-riser.

• Configurations.
– Ells, street ells, tees. 

• Attachments.
– Valves, hydrants.

• Elevation.
– Effective point to base-

of-riser.Drawing courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
F. Plan verification: The plans examiner must be able to verify the details on the plans 

for the underground lead-in will match the data input for the hydraulic calculations. 
Items to verify include: 

 
1. The pipe size (diameter) in inches. 

 
2. The combined distance of all pipe between the water supply effective point 

shown on the plans and the base of the sprinkler riser. 
 

3. If not a straight run from the source to the base-of-riser, any elbows (90 
degrees), “street” elbows (22.5 degrees to 90 degrees) or tee fitting that 
might affect flow. 

 
4. Roadway box valves, PIVs, wall indicator valves or other valves that cause 

turbulence and restrict flow. 
 

5. Placement of hydrant connections in relation to the lead-in. 
 

6. The elevation difference between the water supply effective point and base-
of-riser. 
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G. Water supply effective point.  

 
H. Flow test report. 
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We Do It Best: The Learning Square
8.22.11 K. King 1350 C Street
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ACTIVITY 3.3 
 

Water Supply Effective Point 
 
Purpose 
 
Identify information needed to verify that the underground lead-in between the base-of-riser and 
the water supply effective point is represented correctly on the plans. 
 
 
Directions 
 
1. This is a large group activity. 
 
2. You will be shown five site plan details pertaining to water supply lead-ins between a 

building and the water supply effective point. The water supply effective point is 
represented by the alphanumeric U1 inside a hexagon. 

 
3. You are to identify: 
 

a. The size (diameter) of the underground lead-in. 
 

b. If there is not a straight line between the water supply effective point, the pipe 
configuration and attachments. 

 
c. Gaps (if any) in the drawing(s) that prevent an accurate assessment of the water 

supply lead-ins between a building and the water supply effective point. 
 
4. You should be prepared to discuss your observations in class. 
 

Example 1. 
 

  
 
  
 
  

 
Example 2. 
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Example 3. 
 

  
 
  
 
  

 
Example 4. 

 
  
 
  
 
  

 
Example 5. 
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IV. WATER SUPPLIES 
 

A. This section will address the importance of accurate water supply data (volume and 
pressure) while describing the minimum requirements from NFPA 13 and NFPA 
14 for fire sprinkler systems. 

 
B. It will explain how to compute the required water supplies based on NFPA 13 or 

NFPA 14, especially in those areas where a static water source exists (e.g., tanks, 
ponds, reservoirs). 
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MINIMUM SUPPLY
• Adequate to control and suppress fire.

– Based on NFPA 13, Standard for the 
Installation of Sprinkler Systems, and NFPA 
14, Standard for the Installation of Standpipe 
and Hose Systems.
-- Differs from fire code for manual suppression.
-- Verisk Insurance Services Office (ISO) practice.

– For sprinklers: Use hazard class.
– For standpipes and combination systems: 

Use riser count.

 

  
  
  
  
  
  
  
  
  
  
  

 
C. Minimum supply.  

 
1. Adequate to control and suppress fire. 

 
a. Based on NFPA 13 and NFPA 14. 

 
- Differs from model fire codes for manual suppression. 

 
- Flow values in model codes allow reductions based on 

sprinkler protection. 
 

- Verisk Insurance Services Office (ISO) practice. 
 

-- Property protected by NFPA 13-compliant design 
does not need additional fire flow for manual 
suppression. 

 
-- Manual flow values included in NFPA 13-compliant 

design (hose stream allowances). 
 

b. For sprinklers: Use hazard class to determine the required flow. 
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MINIMUM SUPPLY (cont’d)
• Total volume based on combined system 

and hose stream demand. Code official 
can require more.

 

  
  
  
  
  
  
  
  
  
  
  

 
2. Volume and duration based on combined system and hose stream demand. 

Code official can require more based on sound engineering principles. 
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DEMAND INFLUENCES
• Seasonal.
• Diurnal.
• Projected expansion and use.

 

  
  
  
  
  
  
  
  
  
  
  

 
D. Demand influences: In systems that provide combined domestic, commercial and 

industrial service, “demand” describes the total uses that can affect the supply’s 
volume and pressure.  The code official must understand that water supplies are 
dynamic; they may vary with the seasons, daily (diurnal) use and changes in the 
water system’s configuration. The code official must work closely with the water 
purveyor to understand the impact of these influences on water supplies. 

 
1. Seasonal: changes that occur resulting from drought or high temperatures 

that cause more water usage. 
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SEASONAL
MGD* JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC

2.6

2.4

2.2

2.0

1.8

1.6

1.4

1.2

1.0

*Millions of gallons per day
Data courtesy of Integra Code Consultants

 

  
  
  
  
  
  
  
  
  
  
  

 
2. Diurnal: changes that occur in various times of the day because of 

commercial, industrial or domestic use. 
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DIURNAL
MGH* 00-02 02-04 04-06 06-08 08-10 10-12 12-14 14-16 16-18 18-20 20-22 22-00

1.6

1.4

1.2

1.0

0.8

0.6

0.4

0.2

0.1

*Millions of gallons per hour
Data courtesy of Integra Code Consultants

 

  
  
  
  
  
  
  
  
  
  
  

 
3. Projected expansion and use: changes that will occur over time as systems 

grow. 
 

E. Impact on supply (worst-case scenario). 
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Despite different 
scales, what do 
these graphs tell 
you about when a 
worst-case 
scenario might 
occur?

Data courtesy of Integra Code Consultants
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PROJECTED EXPANSION

Image courtesy of City of Peculiar, MO

 

  
  
  
  
  
  
  
  
  
  
  

 
F. Projected expansion and use: Future growth and impact on water demand should 

be considered. 
 

1. High-demand areas not yet developed should be anticipated in the water 
service assessment.  

 
2. Without suitable infrastructure development, may create additional 

demands on existing system. 
 

3. Fire code officials should work with utility purveyors to discuss long-term 
plans, potential developments, impact on municipal fire insurance grading, 
impact on fire flow and fire protection systems, and near-term project or 
impairments. 
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SPRINKLERS
Supply determined by 
design method.
• Hydraulically 

calculated.
• Pipe schedule.

Photo courtesy of USFA

 

  
  
  
  
  
  
  
  
  
  
  

 
G. Sprinklers. 

 
Required water supply determined by design method. 

 
1. Hydraulically calculated. 

 
2. Pipe schedule. 

 
Although rarely used, pipe schedule design remains a viable option for some 
projects. 

 

Slide 3-69

HYDRAULICALLY
CALCULATED

Demand based on:
• Remote area 

sprinklers operating 
simultaneously.

• Water en route to 
remote area.

 

  
  
  
  
  
  
  
  
  
  
  

 
H. Hydraulically calculated. 

 
Demand based on: 

 
1. Design assumption that all remote area sprinklers operate simultaneously. 

 
2. Additional water en route to remote area. 
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DEMAND
• Example:

– Dining room: Light 
Hazard.

– Design 0.1 gallons 
per minute (gpm)/990 
square feet.

– Remote area demand 
≈ 99 gpm.

• Plus water-filled pipe 
back to riser.

 

  
  
  
  
  
  
  
  
  
  
  

 
I. Demand. 

 
1. Example: 

 
a. Dining room: Light Hazard. 

 
b. Design 0.1 gpm over 990 square feet. 

 
c. Remote area demand ≈ 99 gpm. 

 
2. Plus water-filled pipe back to riser. 
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HOSE STREAM DEMAND
• NFPA 13 requires water for 

sprinkler system and manual fire 
fighting (hose streams).

• Amount (demand) based on:
– Sprinkler system hazard class.
– Expected duration of manual 

operations.
• Flow duration can be reduced if 

sprinkler system reports flow off-
premises.

 

  
  
  
  
  
  
  
  
  
  
  

 
J. Hose stream demand. 

 
1. NFPA 13 requires the water supply to include “system” demand, plus water 

for manual fire suppression operations — called “hose stream allowance.” 
 

a. Amount (gpm) is based on: 
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- Occupancy hazard classification. 
 

- Expected duration of manual operations. 
 

b. “Duration” (minutes) is based on the presence of water flow alarm 
supervision and off-premises reporting to summon the fire services.  
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HOSE STREAM DEMAND (cont’d)
• Inside hose: occupant-use 1 1/2-inch hose 

stations.
• Combined hose: total inside and fire department 

use.

Occupancy
Inside 
hose
(gpm)

Combined 
hose
(gpm)

Duration
(minutes)

Light 0, 50, 100 100 30
Ordinary – supervised 0, 50, 100 250 60
Ordinary – unsupervised 0, 50, 100 250 90
Extra – supervised 0, 50, 100 500 90
Extra – unsupervised 0, 50, 100 500 120

 

  
  
  
  
  
  
  
  
  
  
  

 
2. Hose stream allowance table. 

 
a. The left column is occupancy classification. 

 
- Ordinary and Extra rows include “supervised” and 

“unsupervised” categories. Supervision influences supply 
duration. 

 
b. The second column is “inside hose.” 

 
- Some sprinkler systems have “small hose” attachments for 

up to 1 1/2-inch hose lines. The hose stream demand is added 
to the sprinkler system demand. 

 
- The flow demand for each hose station is rated at 50 gpm. 

 
-- No hose stations: Add zero gpm. 

 
-- One hose station: Add 50 gpm. 

 
-- Two or more hose stations: Add 100 gpm. 

 
c. The third column is “combined hose.” The sum of the inside hose 

demand and “outside” hose demand that is the flow required for fire 
service manual fire suppression. 
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- Example: Ordinary Hazard, Group 2 supervised sprinkler 
system requires 225.6 gpm. The building has one inside hose 
station (50 gpm). 

 
-- Total is 275.6 gpm. 

 
- The difference between combined (250 gpm) and one inside 

hose value (50 gpm) is 200 gpm. Two hundred gpm is added 
for manual suppression. 

 
-- Total system and hose demand is 475.6 gpm. 

 
d. The fourth column is “duration.” The amount of time in minutes that 

the water supply must last. Multiply the total system demand (475.6 
gpm) by the duration (60 minutes) to contain total water supply 
required (28,536 gallons). 
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INSIDE HOSE EXAMPLE
• Values added to 

calculations where 
hose is attached to 
sprinkler system.

• Inside hose values:
– Zero, 50 or 100 

gpm.
-- Fifty gpm per 

station.
-- Maximum = 2.

Hose station
(to be provided)

 

  
  
  
  
  
  
  
  
  
  
  

 
3. Inside hose example.  

 
a. Inside hose demand values (gpm) added to the sprinkler system flow 

value where the hose station is to be installed. 
 

- Inside hose values are 0, 50 and 100 gpm. 
 

- Fifty gpm per hose station to a maximum demand of 100 
gpm. 

 
  



WATER SUPPLIES AND DELIVERY SYSTEMS 

SM 3-47 

Slide 3-74

INSIDE HOSE EXAMPLE (cont’d)

Hose station
(to be provided)

Area Demand 
(gpm)

Dining room ≈ 99
Hose station + 50
Total system demand 
(at that point)

≈149

Demand ≈ 99 gpm

 

  
  
  
  
  
  
  
  
  
  
  

 
b. The illustration shows that the fire sprinkler demand for the 

hydraulic remote area is about 99 gpm. A single hose station is to be 
installed on the 2-inch cross main immediately outside the remote 
area. 

 
c. The 50 gpm demand for that hose station is added to the remote area 

flow demand (99 gpm) to increase the total demand at that point in 
the hydraulic calculations to 149 gpm. 
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INSIDE HOSE EXAMPLE (cont’d)

Hose station 1
(to be provided)

Area Demand 
(gpm)

Dining room ≈ 99
Hose station 1 + 50
Hose station 2 + 50
Total system demand 
(at that point)

≈199

Demand ≈ 99 gpm

Hose station 2
(to be provided)

 

  
  
  
  
  
  
  
  
  
  
  

 
d. If a second hose stream was installed, another 50 gpm would be 

added at that point. Now, the total sprinkler system demand there is 
about 199 gpm. 

 
e. This additive approach ensures that there is enough water supply to 

operate all of the sprinklers in the remote area and supply the hose 
streams where they are connected to the system. 
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• Rural resort, no utilities.
• NFPA 13 design, supervised.

– Light Hazard.
-- Dining/Sleeping/Office.
-- From calculations, system 

demand is 187.6 gpm.
– Ordinary Hazard, Group 1.

-- Parking, laundry/service.
-- From calculations, system 

demand is 243.6 gpm.
– No inside hose.

• Storage tank size?
Photos courtesy of Integra Code Consultants

TANK SIZING DEMAND 
(EXAMPLE)

 

  
  
  
  
  
  
  
  
  
  
  

 
K. Tank sizing demand.  

 
This design example illustrates how the sprinkler system demand affects the total 
water supply requirements. 

 
1. Given: rural resort, no utilities. 

 
2. NFPA 13 design, supervised for water flow. 

 
a. Light Hazard. 

 
- Dining/Sleeping/Office. 

 
- From calculations, system demand is 187.6 gpm. 

 
b. Ordinary Hazard, Group 1. 

 
- Parking, laundry/service. 

 
- From calculations, system demand is 243.6 gpm. 

 
c. No inside hose. 

 
3. Storage tank size? 
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REQUIRED MINIMUM TANK

Hazard 
class

System 
demand
(gpm)

Hose
demand
(gpm)

Combined
(gpm)

Duration
(minutes)

Total
(gallons)

Light 187.6 100 287.6 30 8,628
Ordinary 243.6 250 493.6 60 29,628

 

  
  
  
  
  
  
  
  
  
  
  

 
4. Required minimum tank. 

 
a. Light Hazard. 

 
187.6 gpm + 100 (hose) = 287.6 gpm x 30 min. = 8,628 gal. 

 
b. Ordinary Hazard, Group 1. 

 
243.6 gpm + 250 (hose) = 493.6 gpm x 60 min. = 29,628 gal. 

 
c. Use larger value; do not sum. 
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PIPE SCHEDULE DESIGN
• Add or modify existing schedule system.
• New systems < 5,000 square feet.
• New systems where flows available at 50 psi 

residual at highest sprinkler.
– Lower flow if noncombustible or 

compartmentalized.
– Lower duration if flow is supervised off premises.

Occupancy Min. pressure (psi) Base-of-riser flow
(gpm)

Duration
(minutes)

Light 15 500-750 30-60

Ordinary 20 850-1500 60-90

 

  
  
  
  
  
  
  
  
  
  
  

 
L. Pipe schedule design: Although no longer common, pipe schedule design remains 

a viable option in some circumstances: 
 

1. Adding to or modifying an existing schedule system. 
 

2. New systems less than 5,000 square feet. 
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3. New systems where flows are available at 50 psi residual at the highest 
sprinkler. 

 
4. The table describes the minimum water pressure and flow at the base of the 

riser based on occupancy class as well as the water demand duration. 
 

a. Lower flow if noncombustible or compartmentalized. 
 

b. Lower duration if flow is supervised off premises. 
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PIPE SCHEDULE (EXAMPLE)
• Ordinary Hazard, 

Group 1.
• 850 to 1,500 gpm

required.
• 52 x 0.433 psi = 22.5 

psi.
• 22.5 + 20 psi = 44.5 

psi required at base-
of-riser.

52 feet to 
highest 

sprinkler

 

  
  
  
  
  
  
  
  
  
  
  

 
5. Pipe schedule example. 

 
a. This building has an existing pipe schedule system that is proposed 

for modification during the remodeling. NFPA 13 allows this 
modification if the available volume and pressure are adequate. 

 
b. The highest sprinkler is located 52 feet above the base-of-riser. (The 

52-foot height is an estimate.) 
 

c. The required flow for an Ordinary Hazard, Group 1 occupancy 
ranges from 850 to 1,500 gpm from 60 to 90 minutes based on off-
premise water flow supervision. The flow must be available with a 
20 psi minimum residual pressure at the base of the riser. 

 
d. To determine the pressure required to supply the sprinkler system: 

 
- Multiply the elevation of the highest sprinkler by 0.433 psi 

(pressure loss per foot).  
 

- Elevation (52 feet) times 0.433 equals 22.5 psi. 
 

- Twenty-two and one-half psi plus the 20 psi required 
minimum means that the required flow must be available at 
least 44.5 psi. 
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ACTIVITY 3.4 
 

Water Supplies for Sprinkler Systems 
 
Purpose 
 
Identify the minimum required water supply for a hydraulically calculated sprinkler system given 
a copy of NFPA 13. 
 
 
Directions 
 
1. You will be given five examples of occupancy hazard class, sprinkler system demand and 

small hose stations. 
 
2. Using NFPA 13, you are to determine the total water supply needed to supply the fire 

protection system. 
 
3. For the purpose of the exercise, all sprinkler systems are assumed to be electronically 

supervised off premises, so a water flow alarm will summon the fire services. 
 
4. Working individually, you are to: 
 

a. Identify the combined hose demand and duration (in minutes) of the required 
water supply. 

 
b. Calculate the total volume (in gallons) of the required water supply, showing your 

work. 
 
5. Your results should be within a margin of error of plus or minus 5%. 
 
6. The class will discuss the results of the activity the following day. 
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ACTIVITY 3.4 (cont’d) 
 
Results should be within a margin of error of plus or minus 5%. 
 
 

Occupancy 
hazard 
class 

Sprinkler 
demand 

Combined 
hose 

demand 

Minimum 
duration 
(minutes) 

Formula 
Total water 

supply 
needed 

(gallons) 
Light Hazard 123.67  

    

Ordinary 
Hazard, 
Group 1 

153.60     

Ordinary 
Hazard, 
Group 2 

163.44     

Extra Hazard, 
Group 1 194.37     

Extra Hazard, 
Group 2 262.54     
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V. SUMMARY 
 

Slide 3-81

SUMMARY
• Approved automatic water sources.
• Water delivery system components.
• Minimum required water supply.
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COMMERCIAL FIRE SPRINKLER SYSTEM PLANS REVIEW 

UNIT 4: 
SYSTEM COMPONENTS AND 

MATERIALS 

TERMINAL OBJECTIVE

The students will be able to: 

4.1 Evaluate the adequacy of sprinkler system components for the intended use and compliance with recognized 
listings, standards and manufacturer’s specifications given a set of manufacturer’s datasheets. 

ENABLING OBJECTIVES

The students will be able to: 

4.1 Identify the corresponding components and equipment on system design drawings using provided data sheets. 

4.2 Conclude if a specified pipe meets all requirements and listings for its intended use and installation in 
accordance with recognized codes and standards. 

4.3 Determine the characteristics and limitations of various types of pipe in accordance with the listings and 
approvals. 

4.4 Determine hanger and riser bracing requirements. 

4.5 Interpret the information on a product data sheet in relation to listings intended for use as a part of a sprinkler 
system design. 
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UNIT 4:
SYSTEM COMPONENTS 

AND MATERIALS
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TERMINAL OBJECTIVE
Evaluate the adequacy of sprinkler system 
components for the intended use and 
compliance with recognized listings, 
standards and manufacturer’s specifications 
given a set of manufacturer’s datasheets. 
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ENABLING OBJECTIVES
• Identify the corresponding components and 

equipment on system design drawings 
using provided data sheets.

• Conclude if a specified pipe meets all 
requirements and listings for its intended 
use and installation in accordance with 
recognized codes and standards.
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ENABLING OBJECTIVES (cont’d)
• Determine the characteristics and 

limitations of various types of pipe in 
accordance with the listings and approvals.

• Determine hanger and riser bracing 
requirements.

• Interpret the information on a product data 
sheet in relation to listings intended for use 
as a part of a sprinkler system design.

 

  
  
  
  
  
  
  
  
  
  
  

 
 
I. EQUIPMENT SUBMITTAL 
 

A. The equipment submittal, sometimes called the manufacturer’s data sheets or cut 
sheets, accompany the sprinkler shop drawings. They provide detail that is not 
marked on the shop drawings. The sheets are the location where the fine detail of 
the equipment is found. They are just as important as the plans themselves. 
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MANUFACTURER’S EQUIPMENT 
DATA SUBMITTAL REVIEW

• National Fire Protection 
Association (NFPA) 13, 
Standard for the 
Installation of Sprinkler 
Systems, requires the 
submission of data sheets 
where required by the 
authority having 
jurisdiction (AHJ).

 

  
  
  
  
  
  
  
  
  
  
  

 
B. Manufacturer’s equipment data submittal review. 

 
1. National Fire Protection Association (NFPA) 13, Standard for the 

Installation of Sprinkler Systems, requires the submission of data sheets 
where required by the authority having jurisdiction (AHJ). 
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MANUFACTURER’S EQUIPMENT 
DATA SUBMITTAL REVIEW (cont’d)
• Table of contents sheet.
• No specific requirement 

in NFPA 13 on how 
data sheets are 
presented.

 

  
  
  
  
  
  
  
  
  
  
  

 
2. Sometimes, a table of contents sheet is provided. 

 
3. There is no specific requirement in NFPA 13 stating how the data sheets are 

to be presented. 
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SYSTEM PIPING
• NFPA 13 has a 

listing of acceptable 
piping.

• Manufacturer’s 
submittal data will 
indicate the 
standards.

Screenshot image courtesy of NFPA

 

  
  
  
  
  
  
  
  
  
  
  

 
C. System piping. 

 
1. NFPA 13 has a listing of acceptable piping. 

 
2. Manufacturer’s submittal data will indicate the standards. 
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WHEATLAND PIPING SUBMISSION
• Wheatland — manufacturer of 

piping used in sprinkler 
systems.

• Data sheet indicates piping 
meets ASTM A53, Standard 
Specification for Pipe, Steel, 
Black and Hot-Dipped, Zinc-
Coated, Welded and 
Seamless.

 

  
  
  
  
  
  
  
  
  
  
  

 
D. Wheatland piping submission. 

 
1. Wheatland is a manufacturer of piping used in sprinkler systems. 

 
2. Data sheet indicates piping meets ASTM A53, Standard Specification for 

Pipe, Steel, Black and Hot-Dipped, Zinc-Coated, Welded and Seamless. 
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WHEATLAND MEGA-FLOW PIPING 
SUBMISSION

• Multiple piping used in 
sprinkler system.

• Data sheet indicates piping 
meets ASTM A795, 
Standard Specification for 
Black and Hot-Dipped Zinc-
Coated (Galvanized) 
Welded and Seamless Steel 
Pipe for Fire 
Protection Use.

 

  
  
  
  
  
  
  
  
  
  
  

 
3. Wheatland Mega-Flow® piping submission. 

 
a. Wheatland has multiple piping used in sprinkler systems. 

 
b. Data sheet indicates piping meets ASTM A795, Standard 

Specification for Black and Hot-Dipped Zinc-Coated (Galvanized) 
Welded and Seamless Steel Pipe for Fire Protection Use. 
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BACKFLOW PREVENTER
• Types of backflow 

preventers.
• Data sheet indicates 

that the device can 
be mounted 
horizontally, vertically 
and in the “N” 
configuration.

 

  
  
  
  
  
  
  
  
  
  
  

 
E. Backflow preventer. 

 
1. There are different types of backflow preventers. 

 
2. The data sheet indicates that the device can be mounted horizontally, 

vertically and in the “N” configuration. 
 

3. The backflow preventer data is instrumental to the application that the 
preventer is to be used and installed for. There are some situations where a 
special type of backflow preventer such as a reduced pressure backflow 
preventer may be required. 
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BACKFLOW PREVENTER 
(cont’d)

• Model to be used 
indicated. 

• “X” over nonapplicable 
models.

 

  
  
  
  
  
  
  
  
  
  
  

 
4. The contractor will indicate which model will be used. 

 
5. Contractors typically place an “X” with nonapplicable models. 

 
a. It is very important that the correct model is specified to be installed.  
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b. In this case, the diameter of the backflow preventer is specified. 
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BACKFLOW PREVENTER 
(cont’d)

• Pressure loss with 
respect to the flow.

• Pressure loss affects 
the design of the 
sprinkler system.

 

  
  
  
  
  
  
  
  
  
  
  

 
6. Every backflow preventer has defined pressure loss with respect to the flow 

through the device. 
 

7. Typically, the plumber is responsible for the backflow preventer, but the 
pressure loss affects the design of the sprinkler system. 
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TEST/DRAIN CONNECTIONS

 

  
  
  
  
  
  
  
  
  
  
  

 
F. Test/Drain connections. 

 
1. With the test/drain connections data sheets, it is important to verify the 

correct diameter for the intended use. 
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TEST/DRAIN CONNECTIONS
(cont’d)

• Inspector’s test: verify 
presence and location 
on plans.
– Wet system: downstream 

from the water flow 
detection.

– Dry system: highest; 
most remote.

 

  
  
  
  
  
  
  
  
  
  
  

 
2. Inspector’s test: verify presence and location on plans. 

 
a. Wet system: downstream from the water flow detection. 

 
b. Dry system: highest; most remote. 
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TEST/DRAIN CONNECTIONS
(cont’d)

• Location needs 
to be on plans to 
be installed 
correctly.

Photo courtesy of Keith Heckler

Screenshot image courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
3. Location needs to be on plans to be installed correctly. 

 
  



SYSTEM COMPONENTS AND MATERIALS 

SM 4-10 

Slide 4-16

TEST/DRAIN CONNECTIONS
(cont’d)

• Simulate the 
opening of one 
sprinkler.

• Have a reducing 
orifice equal to the 
smallest sprinkler 
on the system 
being tested.
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Screenshot image courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
4. The inspector’s test must simulate the opening of one sprinkler and should 

have a reducing orifice equal to the smallest sprinkler on the system being 
tested. 
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TEST/DRAIN CONNECTIONS
(cont’d)

• Prefabricated units.
• Two settings with the 

ball valve.
– One inch for draining.
– Half inch for inspectors 

test.

Photo courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
5. Prefabricated units. 

 
6. Two settings with the ball valve. 

 
a. One inch for draining. 

 
b. Half inch for inspector’s test. 
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AUXILIARY DRAINS
• Small, isolated 

sections may 
remove single 
pendent sprinkler.

• Auxiliary drains 
required on 
trapped pipe.

Screenshot image courtesy of Keith Heckler  

  
  
  
  
  
  
  
  
  
  
  

 
G. Auxiliary drains. 

 
1. Small, isolated sections may remove single pendent sprinkler. 

 
2. Auxiliary drains required on trapped pipe. 
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AUXILIARY DRAINS (cont’d)
• Directional change 

allows draining.
• No direct connection 

to sewers.

Photo courtesy of Keith Heckler
Screenshot image courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
3. Directional change allows draining. 

 
4. No direct connection to sewers. 
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AUXILIARY DRAINS (cont’d)
• Dry systems 

require 
additional 
drains.

• Drum drips 
are to be 
accessible.

Screenshot images courtesy of Keith Heckler

Photo courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
5. Dry systems require additional drains. 

 
6. Drum drips are to be accessible. 
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WATER FLOW DETECTION
• Pressure 

switches, flow 
switches or a 
water motor 
gong are used 
to detect flow or 
pressurization 
of the system.

 

  
  
  
  
  
  
  
  
  
  
  

 
H. Water flow detection. 

 
Pressure switches, flow switches or a water motor gong are used to detect flow or 
pressurization of the system. 
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WATER FLOW DETECTION
(cont’d)

• Pressure switch —
used with retard 
chambers and dry 
pipe systems.

• Water flow switch —
wet systems.

• Water motor gong —
wet and dry pipe 
systems.

Photo courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 

Slide 4-23

CONTROL VALVE

Screenshot images courtesy of NIBCO

 

  
  
  
  
  
  
  
  
  
  
  

 
I. Control valve. 

 
1. The data sheets for the control valves are submitted to show evidence that 

the valve is tested for fire protection use. 
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CONTROL VALVE (cont’d)
• Outside connections should be under 

control of a listed control valve. 

Photo courtesy of Keith Heckler

Screenshot image courtesy of Keith Heckler
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2. Outside connections should be under control of an outside listed control 
valve. 

 
Exterior control valves are not required to be listed with fire protection. 
Hence, underground valves can be used. 
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CONTROL VALVE (cont’d)
• Each system shall be provided with a listed 

control valve.

Screenshot image courtesy of Keith Heckler

Photo courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
3. Each system shall be provided with a listed control valve. 

 
Interior valves are required to be tested and listed. This is a butterfly valve. 
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CONTROL VALVE (cont’d)
• Indicating.

Photo courtesy of Integra Code Consultants  

  
  
  
  
  
  
  
  
  
  
  

 
4. Indicating. 

 
a. Indicating valves are specifically arranged so an individual will 

immediately be able to observe the position of the valve. 
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b. A minimum of one control valve shall be located on the exterior of 
the building. The valve can be indicating or nonindicating. The 
intent of having an exterior valve is so if the fire has progressed past 
the capabilities of the sprinkler system, the system can be turned off 
so the water discharging in the building will be redirected for fire 
department operations. 
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CONTROL VALVE (cont’d)
• Nonindicating.

Photos courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
5. Nonindicating valves require exploration of the position of the valve. 
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MAIN DRAIN
• Required on all 

systems to allow for 
drainage of piping.

• Essential in 
evaluating the 
condition of a water 
supply system.

Photos courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
J. Main drain. 

 
1. Required on all systems to allow for drainage of piping. 

 
2. Main drains are essential in evaluating the condition of a water supply 

system. 
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MAIN DRAIN (cont’d)
• Drains need to 

discharge outside 
unless the floor 
drain can handle 
the full flow.

Photos courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
3. Drains need to discharge outside unless the floor drain can handle the full 

flow. 
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MAIN DRAIN (cont’d)
• Installed above the alarm check valve.
• Size of drain determined by size of riser.

Riser diameter (inches) Minimum drain diameter 
(inches)

< 2 3/4

2 1/2 to 3 1/2 1 1/4

4 or larger 2

 

  
  
  
  
  
  
  
  
  
  
  

 
4. Installed above the alarm check valve. 

 
5. Size of drain determined by size of riser. 
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BACKFLOW FORWARD FLOW 
TESTING

• Means for flow testing of 
backflow prevention 
devices (required by 
NFPA 13).

• Ensures that adequate 
flow is available from 
supply piping/backflow 
device’s performance 
has not degraded.

Screenshot images courtesy of Keith Heckler  

  
  
  
  
  
  
  
  
  
  
  

 
K. Backflow forward flow testing. 

 
1. Provides a means for flow testing of backflow prevention devices, as 

required by NFPA 13. 
 

2. Ensures that adequate flow is available from supply piping and that 
backflow device’s performance has not degraded over time. 
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BACKFLOW FORWARD FLOW 
TESTING (cont’d)

• Varying arrangements found for forward 
flow testing.

Photo courtesy of Keith Heckler

Photo courtesy of Integra Code Consultants

 

  
  
  
  
  
  
  
  
  
  
  

 
3. If the main drain outlet cannot handle the flow demand for testing the 

backflow prevention device, various alternatives may be found. 
 

a. One or more 2 1/2-inch hose outlets on a bypass downstream of the 
backflow device. 

 
b. Plumbing the backflow device through the fire pump test header 

hose outlets. 
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BACKFLOW FORWARD FLOW 
TESTING (cont’d)

• The flow shall not be less than the system 
demand, including hose streams.

Photos courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
4. The flow shall not be less than the system demand, including hose streams. 
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GAUGES
• Must be listed for 

sprinkler service and 
are to be installed in 
accordance with 
manufacturer’s 
requirements.

Screenshot image courtesy of FPPI

 

  
  
  
  
  
  
  
  
  
  
  

 
L. Gauges. 

 
1. Must be listed for sprinkler service and are to be installed in accordance 

with the manufacturer’s requirements. 
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GAUGES (cont’d)
• Need to have pressure range at least twice 

the anticipated system working pressure.
• Refer to calculations to verify pressures 

that will be exerted. 

Photos courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
2. Need to have a pressure range at least twice the anticipated system working 

pressure. 
 

3. Refer to calculations to verify pressures that will be exerted. 
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GAUGES (cont’d)
• Need to be 

installed on valves 
to permit removal 
for servicing.

• Need to be 
protected from 
physical damage 
and freezing.

 

  
  
  
  
  
  
  
  
  
  
  

 
4. Need to be installed on valves to permit removal for servicing. 

 
5. Need to be protected from physical damage and freezing. 
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CHECK VALVES
• Allow water flow in one direction only.

Photo courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
M. Check valves. 

 
1. Allow water flow in one direction only. 

 

Slide 4-38

CHECK VALVES (cont’d)
• Backflow prevention assembly can be 

substituted as a check valve.

Screenshot image courtesy of Keith Heckler Photo courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
2. A backflow prevention assembly can be substituted as a check valve. 
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CHECK VALVES (cont’d)
• Required in fire 

department connections 
(FDCs).
– Connection 

line must 
have 
automatic 
drain.

Photo courtesy of Keith Heckler

Screenshot image courtesy of NFPA
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3. Required in fire department connections (FDCs). 
 

a. Connection line must have automatic drain. 
 

b. The manufacturer’s recommended orientation (vertical, horizontal 
or both) for the automatic ball drip should be verified. 
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FIRE DEPARTMENT 
CONNECTIONS

• Must be listed for sprinkler service and are 
to be installed with manufacturer’s 
requirements.

Screenshot image courtesy of Potter Roemer/Fire Pro

 

  
  
  
  
  
  
  
  
  
  
  

 
N. FDCs. 

 
1. Must be listed for sprinkler service and are to be installed with the 

manufacturer’s requirements. 
 

a. The manufacturer’s data sheet is a single inlet as indicated on the 
shop drawings. 

 
b. It is imperative that the reviewer verifies the correct diameter for the 

FDC so the fire department will be able to adequately connect to the 
device. 
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FIRE DEPARTMENT 
CONNECTIONS (cont’d)

• Must be conveniently located.
• Must be street side.

Photos courtesy of Keith Heckler
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2. Must be conveniently located. 
 

3. Must be street side. 
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FIRE DEPARTMENT 
CONNECTIONS (cont’d)

• Verify:
– Proper inlet diameters.
– Number of inlets.
– Type of hose connections.

Photos courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
4. Verify proper inlet diameters, number of inlets and type of hose 

connections. 
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FIRE DEPARTMENT 
CONNECTIONS (cont’d)

• Number of inlets must meet NFPA 13.
Number of 
FDC inlets Riser diameter (inches)

1 3 or smaller

2 Larger than 3

> 2 Local requirements

Photos courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
5. Number of inlets must meet NFPA 13. 
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FIRE DEPARTMENT 
CONNECTIONS (cont’d)

Photo courtesy of Keith Heckler
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FIRE DEPARTMENT 
CONNECTIONS (cont’d)

• Examples of special requirements that may 
be in local code or policy:
– Maximum distance from hydrant to 

connection.
– Only free standing 

connections.

Photos courtesy of Keith Heckler  

  
  
  
  
  
  
  
  
  
  
  

 
6. Special requirements such as a maximum distance from hydrant to 

connection or only free-standing connections may be in local code or policy. 
 

a. Some municipalities require the FDC to be within a certain distance 
of the closest fire hydrant.  

 
b. Others require a free-standing FDC outside of the potential collapse 

zone. 
 
  



SYSTEM COMPONENTS AND MATERIALS 

SM 4-24 

Slide 4-46

FIRE DEPARTMENT 
CONNECTIONS (cont’d)

• Allows fire department to supplement 
pressure and volume.

Photo courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
7. Allows fire department to supplement pressure and volume. 
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FIRE DEPARTMENT 
CONNECTIONS (cont’d)

• Feed piping diameter.

Screenshot image courtesy of Keith Heckler

FDC piping diameter 
(inches) Purpose

Minimum 4 Fire engine connections

Minimum 6 Fire boat connections

< 4
Hydraulically calculated 

systems but not less than 
riser size

 

  
  
  
  
  
  
  
  
  
  
  

 
8. Feed piping diameter. 
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FIRE DEPARTMENT 
CONNECTIONS (cont’d)

• FDC height is required to be between 18 
and 48 inches above finished grade.

Photos courtesy of Keith Heckler

Screenshot images courtesy of Keith Heckler
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9. FDC height is required to be between 18 and 48 inches above finished 
grade. 
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FIRE DEPARTMENT 
CONNECTIONS (cont’d)

• Design professional may have a special 
vision for the FDC.

Photos courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
10. The design professional may have a special vision for the FDC. 
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FITTINGS
• Submittals for fittings.

Screenshot image 
courtesy of Victualic

Screenshot images 
courtesy of Anvil 
International

 

  
  
  
  
  
  
  
  
  
  
  

 
O. Fittings. 

 
1. Submittals for fittings. 

 
The most important point for the fittings is the pressure rating. Additionally, 
the type of fitting is limited and/or not permitted. 
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FITTINGS (cont’d)
• Fitting types:

– Threaded.
– Grooved.

 

  
  
  
  
  
  
  
  
  
  
  

 
2. Fitting types. 

 
a. Threaded. 

 
b. Grooved. 

 
- Not all pipe and tube are suitable for rolled/grooved fittings. 

The plans examiner should refer to the pipe manufacturer’s 
technical data sheet for verification. 
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FITTING MATERIALS AND 
DIMENSIONS

• American Society of 
Mechanical 
Engineers (ASME) 
reference.

Screenshot image courtesy of NFPA
Photo courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
3. American Society of Mechanical Engineers (ASME) reference. 
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FITTING MATERIALS AND 
DIMENSIONS (cont’d)

• American National Standards Institute 
(ANSI) reference.

Photo courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
4. Manufacturer American National Standards Institute (ANSI) reference. 
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FITTING PRESSURE LIMITS
• Permitted where pressures do not exceed 

300 pounds per square 
inch (psi).
– Cast iron fittings up to

2 inches in diameter.
– Malleable fittings up to

6 inches in diameter.
• Listed fittings shall be 

permitted up to 
pressure limits of listing.

Photo courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
5. Permitted where pressures do not exceed 300 pounds per square inch (psi). 

 
a. Cast iron fittings up to 2 inches in diameter. 

 
b. Malleable fittings up to 6 inches in diameter. 

 
6. Listed fittings shall be permitted up to the pressure limits of the listing. 
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FITTING PRESSURE LIMITS 
(cont’d)

• Screwed union allowed in piping up to 2 
inches in diameter.

Photo courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
7. Screwed union allowed in piping up to 2 inches in diameter. 
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FITTING PRESSURE LIMITS 
(cont’d)

• Bushings should be used only in limited 
applications.
– Have a tendency to leak.
– Have poor hydraulic 

characteristics.

Photos courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
8. Bushings should be used only in limited applications. 

 
a. Have a tendency to leak. 

 
b. Have poor hydraulic characteristics. 
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FITTING PRESSURE LIMITS 
(cont’d)

• Roustabout couplings lost 
their Underwriters 
Laboratories (UL) listing.

• Used to connect two plain 
end pieces of piping using 
teethed connectors.

Photos courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
9. Roustabout couplings lost their Underwriters Laboratories (UL) listing. 

 
10. Used to connect two plain end pieces of piping using teethed connectors. 
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HANGERS
• Essential components that connect fire 

protection system to building.

 

  
  
  
  
  
  
  
  
  
  
  

 
P. Hangers. 

 
1. Essential components that connect the fire protection system to the building. 
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HANGERS (cont’d)
• Support weight of water-

filled pipe.
– Must support five times 

the weight of pipe plus 
250 pounds.

– Building must be 
designed to support load 
points.

– Except for mild steel rods, 
all hangers must be listed.

Photo courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
2. Support weight of water-filled pipe. 

 
a. Must support five times the weight of the pipe plus 250 pounds. 

 
b. Building must be designed to support load points. 

 
c. Except for mild steel rods, all hangers must be listed. 

 
d. Hangers sheets are provided to verify that components are tested for 

fire protection and that the items are proper for supporting five times 
the weight of the water-filled pipe plus 250 pounds. 
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HANGERS (cont’d)

Photos courtesy of Keith Heckler
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HANGERS (cont’d)
• Minimum number of 

hangers. 
– Generally, at least 

one hanger for each 
section of pipe.

– Exceptions:
-- Sprinklers spaced 

less than 6 feet 
apart.

-- Starter lengths less 
than 6 feet do not 
require a hanger.

 

  
  
  
  
  
  
  
  
  
  
  

 
3. Minimum number of hangers. 

 
a. Generally, at least one hanger for each section of pipe. 

 
b. Exceptions: 

 
- Sprinklers spaced less than 6 feet apart. 

 
- Starter lengths less than 6 feet do not require a hanger. 
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HANGERS (cont’d)
• Clearance to hangers 

to upright sprinklers 
shall be not less than 
3 inches.

Photo courtesy of Integra Code Consultants

 

  
  
  
  
  
  
  
  
  
  
  

 
4. Clearance to hangers: The distance between a hanger and the centerline of 

an upright sprinkler must not be less than 3 inches to prevent the hanger 
from creating a “shadow” in the water spray pattern. 
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HANGERS (cont’d)
• Where these limits are exceeded, the pipe 

must be extended beyond the end sprinkler 
and must be supported by an additional 
hanger.

Screenshot image courtesy of NFPA Photo courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
5. Where these limits are exceeded, the pipe must be extended beyond the end 

sprinkler and must be supported by an additional hanger. 
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HANGERS (cont’d)
• Surge protection:

– Pressure exceeds 100 psi.
– A branch line above ceiling 

supplies sprinklers in a 
pendent position below 
ceiling.

– Hanger assembly supporting 
pipe must be of a type that 
prevents upward movement 
of pipe.

Photo courtesy of Tolco Corporation

Photo courtesy of nVent

 

  
  
  
  
  
  
  
  
  
  
  

 
6. Surge protection. 

 
a. Maximum static or flowing pressure exceeds 100 psi. 

 
b. A branch line above the ceiling supplies sprinklers in a pendent 

position below the ceiling. 
 

c. The hanger assembly supporting the pipe must be of a type that 
prevents upward movement of the pipe. 
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HANGERS (cont’d)
• If no restraint is provided, the unsupported length 

between the end sprinkler in a pendent position 
or drop nipple and the last hanger on the branch 
line must not be greater than 12 inches for steel 
pipe. 

Not to 
exceed 12 in.

Photo courtesy of Keith Heckler Screenshot image courtesy of NFPA

 

  
  
  
  
  
  
  
  
  
  
  

 
7. The unsupported length between the end sprinkler in a pendent position or 

drop nipple and the last hanger on the branch line must not be greater than 
12 inches for steel pipe. 

 
The measurement must be 12 inches or less so no uplift surge restraint is 
installed. 
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TOGGLE BOLTS
• Very limited use.
• One-and-a-half-inch 

diameter and smaller
piping only.

Screenshot image courtesy of NFPA

Photos courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
Q. Toggle bolts. 

 
1. Very limited use. 

 
2. One-and-a-half-inch diameter and smaller piping only. 
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SPRIGS
• Upward nipple 

between branch 
line and sprinkler 
that is vertical.

• Sprigs 4 feet or 
longer must be 
restrained against 
lateral movement.

Photo courtesy of Keith Heckler

Photo courtesy of Integra Code Consultants

 

  
  
  
  
  
  
  
  
  
  
  

 
R. Sprigs. 

 
1. Nipple between branch line and sprinkler that is vertical. 

 
2. Sprigs 4 feet or longer must be restrained against lateral movement. 

 
3. Note the length of the sprig on the slide. It is longer than 4 feet and is 

unrestrained. 
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TRAPEZE HANGERS
• For piping located 

between structural 
supports.

• A hanger is attached to 
an unfilled pipe or 
Unistrut® with hangers 
attached to the 
structural supports.

Screenshot image courtesy of NFPA

Screenshot image courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
S. Trapeze hangers. 

 
1. For piping located between structural supports. 

 
2. A hanger is attached to an unfilled pipe or Unistrut® with hangers attached 

to the structural supports. 
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3. When exposed to trapeze hangers, one must review NFPA 13 to verify if 
the support piping is large enough to support the sprinkler piping. If not, the 
support will fail. 
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SEISMIC RESTRAINT
Where deemed necessary, sprinkler systems 
will need special support to sway with the 
building.

 

  
  
  
  
  
  
  
  
  
  
  

 
T. Seismic restraint: Where deemed necessary, sprinkler systems will need special 

support to sway with the building. 
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RISER SUPPORTS
• Standpipe and sprinkler main 

risers must be supported to 
prevent movement.
– Riser clamps or hangers 

located on horizontal 
connections within 24 inches 
of centerline of riser.

– Riser clamps anchored to 
walls using hanger rods in 
horizontal position may not 
support risers.

Photo courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
U. Riser supports. 

 
1. Standpipe and sprinkler main risers must be supported to prevent 

movement. 
 

a. Riser clamps or hangers located on horizontal connections within 24 
inches of the centerline of the riser. 

 
b. Riser clamps anchored to walls using hanger rods in horizontal 

position may not support risers. 
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RISER SUPPORTS (cont’d)
• Multistory buildings.

– Riser supports must be provided at lowest 
level, at each alternate level above, above and 
below offsets, and at the top of riser.

– Supports above lowest level must restrain 
pipe to prevent 
movement.

– Distance between 
supports for risers 
is not to exceed 25 feet.

Photo courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
2. Multistory buildings. 

 
a. Riser supports must be provided at the lowest level, at each alternate 

level above, above and below offsets, and at the top of the riser. 
 

b. Supports above the lowest level must restrain pipe to prevent 
movement. 

 
c. Distance between supports for risers is not to exceed 25 feet. 
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RISER SUPPORTS (cont’d)
• Pipe stands.

Screenshot image courtesy of Eaton  

  
  
  
  
  
  
  
  
  
  
  

 
3. Pipe stands. 

 
a. Introduced in NFPA 13 in 2007. The requirements have evolved 

with each edition of NFPA 13. 
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RISER SUPPORTS (cont’d)
– Must be sized to support minimum of five 

times the weight of a water-filled pipe plus 250 
pounds.

Screenshot image courtesy of Keith Heckler

Screenshot image courtesy of NFPA

 

  
  
  
  
  
  
  
  
  
  
  

 
b. Must be sized to support a minimum of five times the weight of a 

water-filled pipe plus 250 pounds. 
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RISER SUPPORTS (cont’d)
– Must be sized properly or 

certified by registered 
professional engineer.

Screenshot image courtesy of NFPA

 

  
  
  
  
  
  
  
  
  
  
  

 
c. Must be sized properly or certified by a registered professional 

engineer. 
 

d. NFPA 13 has an abundance of requirements for pipe stands. 
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ACTIVITY 4.1 
 

Verification Between Plans and Equipment Submittal 
 
Purpose 
 
Compare the vendor data catalogue with the plans to verify that the information matches. 
 
 
Directions 
 
1. Use the large-print The Learning Square plans to verify if the information submitted is 

located on the sprinkler shop drawings. 
 
2. Locate the precise location of the information on the sprinkler shop drawings using the 

order in which the equipment submittal sheets are ordered, and verify that the shop 
drawings are correct with the reference. 

 
3. If found, provide the sheet number and the location of the information by using the plan 

coordinates. 
 

a. Wheatland piping. 
 

  
 
  
 
  

 
b. Wheatland Mega-Flow piping. 

 
  
 
  
 
  

 
c. Backflow preventer. 

 
  
 
  
 
  

 
  



SYSTEM COMPONENTS AND MATERIALS 

SM 4-40 

d. Test/Drain connection. 
 

  
 
  
 
  

 
e. Water flow detection. 

 
  
 
  
 
  

 
f. Control valves. 

 
  
 
  
 
  

 
g. Gauges. 

 
  
 
  
 
  

 
h. Check valves. 

 
  
 
  
 
  

 
i. FDC location. 
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j. Fittings. 
 

  
 
  
 
  

 
k. Hangers. 

 
  
 
  
 
  

 
l. Seismic restraints. 

 
  
 
  
 
  

 
m. Pipe stand. 

 
  
 
  
 
  

 
4. The instructor will review the correct answers with the class at the end of the activity. 
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II. SPRINKLER POSITIONING RULES 
 

A. The sprinkler has separate manufacturer’s information that is very important to 
follow. A sprinkler is not an interchangeable item without verifying specific 
qualities it may possess. 
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SPRINKLER POSITIONING 
RULES

• Spacing.
– General rules contained in NFPA 13.
– Manufacturer’s specification sheet identifies 

areas of coverage.
– Spacing is measured from the center of one 

sprinkler to the center of the next sprinkler.

 

  
  
  
  
  
  
  
  
  
  
  

 
B. Spacing. 

 
1. General rules contained in NFPA 13. 

 
2. Manufacturer’s specification sheet identifies areas of coverage. 

 
3. Spacing is measured from the center of one sprinkler to the center of the 

next sprinkler. 
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SPRINKLER POSITIONING 
RULES (cont’d)

– Cold soldering.
-- Industry term.
-- Water spray from activated sprinkler hits nearby 

sprinklers and cools them.
-- Causes delay.
-- Affects performance 

of system.

 

  
  
  
  
  
  
  
  
  
  
  

 
4. Cold soldering. 
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a. Industry term used for the effect one sprinkler may have on the next 
sprinkler when minimum distance is not maintained. 

 
b. Water spray from activated sprinkler hits nearby sprinklers and 

cools them. 
 

c. Causes delay. 
 

d. Affects performance of system. 
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SPRINKLER POSITIONING 
RULES (cont’d)

– Water curtains have special applications and 
rules.

Photos courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
5. Water curtains have special applications and rules. 
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SPRINKLER POSITIONING 
RULES (cont’d)

– They are found at unprotected vertical 
openings.

Screenshot images courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
6. They are found at unprotected vertical openings. 
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SPRINKLER POSITIONING 
RULES (cont’d)

• Clearance from obstructions.
– Eighteen inches from storage.
– Specific rules for beam- and floor-mounted 

obstructions and for special sprinklers.

Photo courtesy of NFPA

 

  
  
  
  
  
  
  
  
  
  
  

 
C. Clearance from obstructions. 

 
1. Generic rule is 18 inches from storage. 

 
2. Specific rules for beam- and floor-mounted obstructions and for special 

sprinklers. 
 

3. When performing plans review, the reviewer will need to visualize the side 
profile of the space with any potential effect of clearances with obstructions. 
With storage, a specific 18-inch rule applies. With floor-mounted 
obstructions, such as a cubicle wall or a fixed-height partition wall, the 
vertical separation is dependent upon the horizontal distance. 

 
4. Beam obstructions will be discussed in detail in Unit 5: Fire Sprinkler 

System Layout. 
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SPRINKLER IDENTIFICATION 
NUMBER

• Effective 2001, sprinkler manufacturers use 
proprietary five- to six-character 
identification for:
– Manufacturer.
– K-factor (orifice size).
– Application (use).
– Response characteristics.

Photos courtesy of Keith Heckler  

  
  
  
  
  
  
  
  
  
  
  

 
D. Sprinkler Identification Number (SIN). 
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1. Effective 2001, sprinkler manufacturers use proprietary five- to six-
character identification for: 

 
a. Manufacturer. 

 
b. K-factor (orifice size). 

 
c. Application (use). 

 
d. Response characteristics. 

 
e. All sprinklers are required to have a SIN.  

 
- The SIN is comprised of one or two letters followed by three 

or four numbers. 
 

- The requirement for this SIN is found in NFPA 13, as well 
as UL and Factory Mutual (FM) Global sprinkler product 
standards. 

 
- This requirement was implemented as of Jan. 1, 2001. 

 
- Therefore, sprinklers manufactured prior to 2001 may not 

have this mark on them. 
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SPRINKLER IDENTIFICATION 
NUMBER (cont’d)

• Refer to manufacturer for guidance.
• Master list available at www.UL.com.

 

  
  
  
  
  
  
  
  
  
  
  

 
2. Refer to manufacturer for guidance. 

 
3. Master list is available at http://www.UL.com. 

 
  



SYSTEM COMPONENTS AND MATERIALS 

SM 4-47 

Slide 4-103

SPRINKLER IDENTIFICATION 
NUMBER (cont’d)

Mfg. abbrev.
Tech 

bulletin
numbers

Deflector style Assigned numbers/
K-factors

R 57 1 Pendent 1 1.10 2.82 3.00 5.40

2 Upright 2 1.98 2.72 3.90 5.50

3 Horizontal 3 1.81 3.70 4.24 14.50

4 EC pendent 4 2.57 4.10 5.60

5 EC upright 5 3.45 4.20 5.62

6 EC horizontal 6 4.9 5.70 7.96 11.21

7 Conventional 7 2.75 4.15 6.40 8.20

8 Vertical 8 5.53 7.00

9 Others 9 Reserved
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SPRINKLER IDENTIFICATION 
NUMBER (cont’d)

Reliable Bulletin 17 Conventional      8.0 K-factor

R                            17                            7                         2
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ORIFICE SIZE: K-FACTOR
• Constant coefficient 

of orifice area.
• Higher K-factor 

means greater flow 
at lower pressure.

• Lower K-factor 
means lesser flow 
at greater pressure.

K = 2.8

 

  
  
  
  
  
  
  
  
  
  
  

 
E. Orifice size: K-factor. 

 
1. Constant coefficient of orifice area. 

 
2. Higher K-factor means greater flow at a lower pressure. 
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3. Lower K-factor means lesser flow at a greater pressure. 
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ORIFICE SIZE: K-FACTOR 
(cont’d)

Orifice size (in.) K-factor Pct. of 
nominal K 5.6 Terminology

1/4 1.3 – 1.5 25

Small orifice
5/16 1.8 – 2.0 33.3

3/8 2.6 – 2.9 50

7/16 4.0 – 4.4 75

1/2 5.3– 5.8 --- Standard orifice

17/32 7.4 – 8.2 140 Large orifice

5/8 11.0 – 11.5 200
Extra large orifice

3/4 13.5 – 14.5 250

ESFR 16.8 – 28.0 300-450 ESFR

Data courtesy of Liberty Mutual Property (2007) “Automatic Sprinkler System Basics.” 

 

  
  
  
  
  
  
  
  
  
  
  

 
4. The chart on the slide presents the wide variety of orifice sizes available on 

the market with the different K-factors associated with them. 
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Given: Q = K √P where:
• Q = gallons per minute 

(gpm).
• K = sprinkler K-factor.
• P = flowing pressure.

Example 1

Q = 2.8√30
Q = 2.8 x 5.477
Q = 15.33 gpm

Example 2

Q = 5.6√30
Q = 5.6 x 5.477
Q = 30.67 gpm

Example 3

Q = 11.2√30
Q = 11.2 x 5.477
Q = 61.34 gpm

USING K TO CALCULATE 
FLOW

 

  
  
  
  
  
  
  
  
  
  
  

 
F. Using K to calculate flow. 

 
1. Given: Q = K √P where: 

 
a. Q = gallons per minute (gpm). 

 
b. K = sprinkler K-factor. 

 
c. P = flowing pressure. 

 
2. Example 1. 

 
Q = 2.8√30 
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Q = 2.8 x 5.477 
 

Q = 15.33 gpm 
 

3. Example 2. 
 

Q = 5.6√30 
 

Q = 5.6 x 5.477 
 

Q = 30.67 gpm 
 

4. Example 3. 
 

Q = 11.2√30 
 

Q = 11.2 x 5.477 
 

Q = 61.34 gpm 
 

5. The flow characteristics can change at a sprinkler by inserting a different 
orifice size. A smaller orifice sprinkler at the same available pressure will 
cut the flow in half of a standard sprinkler. If an extra-large sprinkler orifice 
is installed, the flow is doubled. More water may discharge from the 
sprinkler creating an unbalanced discharge of water and allow the fire to 
grow and overtax the capabilities of the system. 
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LISTING DETAILS
• Temperature ratings.
• Coverage area.
• Minimum flow.
• Cover plate 

temperature rating.
• Distance below 

ceiling.

 

  
  
  
  
  
  
  
  
  
  
  

 
G. Listing details. 

 
1. Temperature ratings. 

 
2. Coverage area. 
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3. Minimum flow. 
 

4. Cover plate temperature rating. 
 

5. Distance below ceiling. 
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LISTING DETAILS (cont’d)
• Model (Sprinkler 

Identification Number 
(SIN)).

• Type.
• Working pressure. 
• Orifice size (K).

 

  
  
  
  
  
  
  
  
  
  
  

 
6. Model (SIN). 

 
7. Type. 

 
8. Working pressure. 

 
9. Orifice size (K). 

 
 
III. UNDERWRITERS LABORATORIES STANDARDS FOR SPRINKLER 

PERFORMANCE TESTING AND LISTINGS 
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PLAN VERIFICATION OF 
SPRINKLERS

• In plans review, one must have the correct 
sprinkler for the proper application.

• The definitions of “sprinkler” are in NFPA 13.
• Sprinklers are specific to design hazard 

classifications.

Photo courtesy of Keith Heckler
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A. Plan verification of sprinklers. 
 

1. In plans review, one must have the correct sprinkler for the proper 
application. 

 
2. The definitions of “sprinkler” are in NFPA 13. 

 
3. Sprinklers are specific to design hazard classifications. 
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PLAN VERIFICATION OF 
SPRINKLERS (cont’d)

• Sprinklers are related 
to specific fire 
challenges.

• Content wetting.
– Example: Fuel load 

potential for office 
space is a lesser 
hazard versus high-
challenge materials in 
rack storage.

Photo courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
4. Sprinklers are related to specific fire challenges. 

 
5. Content wetting. 

 
Example: Fuel load potential for office space is a lesser hazard versus high-
challenge materials in rack storage. 
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UNDERWRITERS 
LABORATORIES STANDARDS

UL 199, Standard for 
Automatic Sprinklers for Fire-
Protection Service.

Photos courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
B. UL standards. 
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1. UL 199, Standard for Automatic Sprinklers for Fire-Protection Service. 
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UNDERWRITERS 
LABORATORIES 199

• Sprinklers primarily for property protection.
– Fire control mode.
– Wetting adjacent combustibles.
– Quick response.

 

  
  
  
  
  
  
  
  
  
  
  

 
a. Property protection. 

 
- Fire control mode. 

 
- Wetting adjacent combustibles. 

 
- Quick response. 
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UNDERWRITERS 
LABORATORIES 199 (cont’d)

• Sprinkler discharge.

 

  
  
  
  
  
  
  
  
  
  
  

 
b. Sprinkler discharge. 

 
- The UL 199 testing performance criteria is the genesis for 

the 18-inch clearance rule found in NFPA 13 for storage. As 
seen here and noted in NFPA 13, the 18-inch rule is really 
for commodities within a 4-foot radius of the sprinkler, 
hence storage could be higher when outside that parameter. 
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UNDERWRITERS 
LABORATORIES 199 (cont’d)

• Commercial versus residential sprinkler.

 

  
  
  
  
  
  
  
  
  
  
  

 
c. Commercial versus residential sprinkler. 
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UNDERWRITERS 
LABORATORIES 199 (cont’d)

• Quick-response sprinklers (QRSs).
– The term “quick-

response” refers to 
the thermal sensitivity 
within the operating 
element of a sprinkler.

– Note the time of 
operation of the 
sprinkler in a particular 
installation.

Photo courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
d. Quick-response sprinklers (QRSs). 

 
- The term “quick-response” refers to the thermal sensitivity 

within the operating element of a sprinkler. 
 

- Note the time of operation of the sprinkler in a particular 
installation. 
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UNDERWRITERS 
LABORATORIES 199 (cont’d)
– Sprinklers with a thinner bulb (3 millimeters) 

will fuse at 155 F as will the standard head with 
the thick bulb (5 millimeters). The thinner bulb 
will fuse faster.

Photos courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
- Sprinklers with a thinner bulb (3 millimeters) will fuse at 155 

F as will the standard head with the thick bulb (5 
millimeters). The thinner bulb will fuse faster. 
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UNDERWRITERS 
LABORATORIES 1626

• Primarily for life safety.
– Prevent flashover in room of ignition.
– Wet ceiling and walls.
– Keep carbon monoxide levels low.
– Maintain tenable environment for escape.

• Must be labeled “Residential Sprinkler” or 
“Res. Spkr.”

Photo courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
2. UL 1626, Standard for Residential Sprinklers for Fire-Protection Service. 

 
a. Primarily for life safety. 

 
- Prevent flashover in room of ignition. 

 
- Wet ceiling and walls. 

 
- Keep carbon monoxide levels low. 

 
- Maintain tenable environment for escape. 

 
b. Must be labeled “Residential Sprinkler” or “Res. Sprk.” 
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• Wall wetting.
– Example: Residential sprinklers are for high 

wall wetting, retarding flashover and life safety 
application.

UNDERWRITERS 
LABORATORIES 1626 (cont’d)

 

  
  
  
  
  
  
  
  
  
  
  

 
c. Wall wetting. 

 
- Example: Residential sprinklers are for high wall wetting, 

retarding flashover and life safety application. 
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MANUFACTURER’S 
INFORMATION

• Called technical data sheets, technical 
sheets and catalog cut sheets.

• Available from designer, installer or online. 

 

  
  
  
  
  
  
  
  
  
  
  

 
C. Manufacturer’s information. 

 
1. Called technical data sheets, technical sheets and catalog cut sheets. 

 
2. Available from designer, installer or online. 
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MANUFACTURER’S 
INFORMATION (cont’d)
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MANUFACTURER’S 
INFORMATION (cont’d)
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MANUFACTURER’S 
INFORMATION (cont’d)
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MANUFACTURER’S 
INFORMATION (cont’d)
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MANUFACTURER’S 
INFORMATION (cont’d)
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MANUFACTURER’S 
INFORMATION (cont’d)
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MANUFACTURER’S 
INFORMATION (cont’d)
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ACTIVITY 4.2 
 

Determining Sprinkler Water Flows 
 
Purpose 
 
Determine the water flow from sprinklers installed in The Learning Square. 
 
 
Directions 
 
1. Use the large-print The Learning Square plans and “The Learning Square Manufacturers’ 

Product Literature” data sheet package for this activity. 
 
2. Given the SIN and flowing pressures, calculate the flow from each sprinkler. 
 
3. Responses should be rounded to two decimal points. 
 
4. At the end of the activity, the instructor will call on various students to provide their 

responses. 
 
 

 

SIN 
“P” 

Operating 
pressure (psi) 

Flow (gpm) 

1. R5714 15.76  
2. TY3531  24.60 
3. RA1414 28.05  
4. R5714  22.67 
5. RA1425 30.11  
6. RA1414  17.41 
7. TY3531 18.30  
8. TY3531  19.07 
9. RA1425 15.44  
10. RA1414  25.67 
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IV. SUMMARY 
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SUMMARY
• Technical components.
• Sprinkler positioning rules.
• Sprinklers simplified.
• UL standards for sprinkler performance 

testing and listings.
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APPENDIX 
 
 

SUPPLEMENTAL MATERIALS 
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COMMERCIAL FIRE SPRINKLER SYSTEM PLANS REVIEW 

  

 
 
 
 
 
 
 
 
 
 

UNIT 5: 
FIRE SPRINKLER SYSTEM LAYOUT 

 
 
 

TERMINAL OBJECTIVE 
 
The students will be able to: 
 
5.1 Verify that sprinkler spacing and installation are in compliance with nationally recognized standards given 

fire protection system plans. 
 
 

ENABLING OBJECTIVES 
 
The students will be able to: 
 
5.1 Conclude if the design of the sprinkler system provides compliant coverage for all areas as required. 
 
5.2 Determine if the spacing of the sprinklers is compliant. 
 
5.3 Evaluate proposed sprinklers for application suitability. 
 
5.4 Evaluate sprinkler positioning with respect to construction configuration. 
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UNIT 5:
FIRE SPRINKLER SYSTEM 

LAYOUT
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TERMINAL OBJECTIVE
Verify that sprinkler spacing and installation 
are in compliance with nationally recognized 
standards given fire protection system plans.
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ENABLING OBJECTIVES
• Conclude if the design of the sprinkler 

system provides compliant coverage for all 
areas as required.

• Determine if the spacing of the sprinklers is 
compliant.

• Evaluate proposed sprinklers for 
application suitability.

• Evaluate sprinkler positioning with respect 
to construction configuration.
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I. SYSTEM COVERAGE 
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SYSTEM COVERAGE
• Sprinklers are provided 

throughout building with 
the exception of electrical 
vaults, noncombustible/
nonaccessible spaces, 
water-reactive chemicals.

Photo courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
A. Sprinklers are provided throughout the building, except for electrical vaults, 

noncombustible/nonaccessible spaces and water-reactive chemicals. 
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SYSTEM COVERAGE (cont’d)
• Electrical rooms are not necessarily vaults. 

Vaults require a three-hour fire-rated 
enclosure.

Photo courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
B. Electrical rooms are not necessarily vaults. Vaults require a three-hour fire-rated 

enclosure. 
 

C. According to the National Electrical Code® (National Fire Protection Association 
(NFPA) 70), an electrical room for equipment exceeding 1,000 volts and 
surrounded by three-hour fire-rated construction is considered a “vault” and will 
qualify to eliminate sprinklers from the room (NFPA, 2017). 
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SYSTEM COVERAGE (cont’d)
• Areas above 

acoustical ceiling 
tiles (ACTs) with 
noncombustible 
surfaces can have 
sprinklers 
eliminated.

Photo courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
D. Sprinklers may be omitted from noncombustible spaces above acoustical ceiling 

tiles (ACTs) with noncombustible surfaces. 
 
 
II. CONSTRUCTION INFLUENCES 
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CONSTRUCTION TYPES
• Combustible.
• Noncombustible.
• Limited 

combustible.
• Obstructed.
• Unobstructed.

Photos courtesy of Integra Code Consultants  

  
  
  
  
  
  
  
  
  
  
  

 
A. Construction types. 

 
1. Combustible. 

 
2. Noncombustible. 

 
3. Limited combustible. 

 
4. Obstructed. 

 
5. Unobstructed. 
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COMBUSTIBLE CONSTRUCTION

Structural elements are 
of combustible or limited 
combustible material and 
will add fuel to a fire.

 

  
  
  
  
  
  
  
  
  
  
  

 
B. Combustible construction: Structural elements are of combustible or limited 

combustible material and will add fuel to a fire. 
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COMBUSTIBLE CONSTRUCTION 
(cont’d)
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COMBUSTIBLE CONSTRUCTION 
(cont’d)
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COMBUSTIBLE CONSTRUCTION 
(cont’d)
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NONCOMBUSTIBLE 
CONSTRUCTION

Building elements add no 
combustibles to fire load.

Photos courtesy of Integra Code Consultants

 

  
  
  
  
  
  
  
  
  
  
  

 
C. Noncombustible construction.  

 
1. Structural components are defined by meeting the requirements of ASTM 

E136, Standard Test Method for Assessing Combustibility of Materials 
Using a Vertical Tube Furnace at 750°C. Noncombustible members are not 
subject to burning. Therefore, the structural members do not add to the fuel 
loading that occupies the structure. 
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NONCOMBUSTIBLE 
CONSTRUCTION (cont’d)
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NONCOMBUSTIBLE 
CONSTRUCTION (cont’d)

 

  
  
  
  
  
  
  
  
  
  
  

 
2. Steel I-beams and open web joists are common noncombustible 

components. 
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ACTIVITY 5.1 
 

Building Construction 
 
Purpose 
 
Determine if the building is considered combustible or noncombustible construction. 
 
 
Direction 
 
In your table group, view a series of images of construction and determine if each image 
indicates combustible or noncombustible construction. 
 
Suggested responses: 
 
• Image 1:   
 
• Image 2:   
 
• Image 3:   
 
• Image 4:   
 
• Image 5:   
 
• Image 6:   
 
• Image 7:   
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III. PIPING ARRANGEMENTS 
 

A. The piping network is paramount to feeding the water from the source to the 
sprinklers. Different arrangements can be provided to disperse the water through 
different channels. 

 

Slide 5-23

COMMON SYSTEM LAYOUTS
• Tree.
• Loop.
• Grid.

 

  
  
  
  
  
  
  
  
  
  
  

 
B. Common system layouts. 

 
1. Tree (wet, dry, preaction, deluge). 

 
2. Loop (wet, dry, preaction, deluge). 

 
3. Grid (wet, preaction, deluge). 

 
C. Designers have the option to choose which arrangement is the most economical yet 

adequate to provide adequate pressure and flow to sprinklers. 
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AREA LIMITATION FOR 
SPRINKLER SYSTEMS

Area limitation for sprinkler systems
Hazard classification Maximum area per riser (ft2)

Light Hazard 52,000
Ordinary Hazard 52,000
Extra Hazard

Pipe schedule 25,000
Hydraulic 40,000

Storage 40,000
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D. Area limitation for sprinkler systems (maximum area per riser). 
 

1. Light Hazard: 52,000 square feet. 
 

2. Ordinary Hazard: 52,000 square feet. 
 

3. Extra Hazard. 
 

a. Pipe schedule: 25,000 square feet. 
 

b. Hydraulic: 40,000 square feet. 
 

4. Storage: 40,000 square feet. 
 
 
IV. SPRINKLER SPACING RULES 
 

A. Sprinklers have limits for their installation based upon the hazard and construction. 
Also, there are special sprinklers with deflector arrangements that provide extended 
coverages. 
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PROTECTION AREA PER 
SPRINKLER (AS)

• Referenced in square feet.
• Based on National Fire Protection 

Association (NFPA) tables and sprinkler 
listings.

 

  
  
  
  
  
  
  
  
  
  
  

 
B. Protection area per sprinkler (As). 

 
1. Referenced in square feet. 

 
2. Based on NFPA tables and sprinkler listings. 
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SPRINKLER SPACING 
CALCULATION

As = S x L
• S = Larger of twice the distance to the 

wall/obstruction or distance to the next 
sprinkler on branch line.

• L = Larger of twice the distance to the 
wall/obstruction or spacing between branch 
lines.

 

  
  
  
  
  
  
  
  
  
  
  

 
C. Sprinkler spacing calculation. 

 
1. Determine As = S x L. 

 
a. S = Larger of twice the distance to the wall/obstruction or distance 

to the next sprinkler on the branch line. 
 

b. L = Larger of twice the distance to the wall/obstruction or spacing 
between branch lines. 
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SPRINKLER SPACING 
CALCULATION (cont’d)

“L” =

“L”“S”
13 feet 6 inches 12 feet 2 inches

7 feet 2 inches

AS = S x L

“S” = 6 feet

 

  
  
  
  
  
  
  
  
  
  
  

 
2. This layout is intended to express how the spacing is calculated for 

sprinklers. The measurements between the sprinklers and to the wall are 
shown. 
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SPRINKLER SPACING 
CALCULATION (cont’d)

“L” =

“L”“S”
13’ 6” 12’ 2”

7’ 2”
“S” = 6’ 

S = Greater of (2 x 6 feet) or 13 feet 6 inches
L = Greater of (2 x 7 feet 2 inches) or 12 feet 2 inches

S = 13 feet 6 inches (or 13.5 feet)
L = 14 feet 4 inches (or 14.33 feet)

 

  
  
  
  
  
  
  
  
  
  
  

 
3. This layout indicates how to perform the calculations and determine the 

larger of the spacing. 
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SPRINKLER SPACING 
CALCULATION (cont’d)

“L” = 2 x

“L”

12’ 2”

7’ 2”

AS = 13 feet 6 inches x 14 feet 4 inches = 
193.5 square feet

“S” = 6’

 

  
  
  
  
  
  
  
  
  
  
  

 
4. The final calculation for spacing is shown on this layout. 
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ACTIVITY 5.2 
 

Verify Sprinkler Spacing 
 
Purpose 
 
Practice measuring sprinkler spacing between sprinklers and to adjacent walls. 
 
 
Direction 
 
Use your large-print The Learning Square plans to measure the sprinklers in the remote areas for 
the largest area. 
 
1. Using your scale (1/8 inch equals 1 foot), determine the spacing of sprinklers in the 

restaurant. What was the maximum area calculated per sprinkler? 
 
  
 
  
 

2. Using your scale (1/8 inch equals 1 foot), determine the spacing of sprinklers in the retail 
space. What was the maximum area calculated per sprinkler? 
 
  
 
  
 

3. Using your scale (1/8 inch equals 1 foot), determine the spacing of sprinklers in Retail A-
2. What was the maximum area calculated per sprinkler? 
 
  
 
  
 

4. Using your scale (1/8 inch equals 1 foot), determine the spacing of sprinklers in the 
exterior covered storage. What was the maximum area calculated per sprinkler? 
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V. SPRINKLER DISCHARGE OBSTRUCTIONS  
 

A. There are physical arrangements that prevent the water from a sprinkler reaching 
the seat of the fire. 

 
B. This section will address the situations that will be encountered during plans 

review. It is important to know these requirements because the result may warrant 
more sprinklers, specific arrangement of sprinklers or that it is acceptable as 
designed. 
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EVALUATION 
CONSIDERATIONS

Pay particular attention to:
• Sprinkler type.
• Occupancy classification.

 

  
  
  
  
  
  
  
  
  
  
  

 
C. Evaluation considerations. 

 
Pay particular attention to: 

 
1. Sprinkler type. 

 
2. Occupancy classification. 
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OBSTRUCTION 
CONSTRUCTION

• Design affects heat flow 
and water discharge:
– Panel.
– Beams.
– Trusses.
– Girders.
– Wood joist/TJI®.
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D. Obstruction construction. 
 

1. Design affects heat flow and water discharge: 
 

a. Panel. 
 

b. Beams. 
 

c. Trusses. 
 

d. Girders. 
 

e. Wood joist. 
 

f. Engineered wood I-joist/TJI® joist. 
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OBSTRUCTION 
CONSTRUCTION (cont’d)

– No impedance of heat flow 
or water discharge:
-- Open bar joists.
-- Smooth ceilings.
-- Open-grid ceilings.
-- Open wood trusses.

 

  
  
  
  
  
  
  
  
  
  
  

 
2. No heat flow or water discharge impedance: 

 
a. Open bar joists. 

 
b. Smooth ceilings. 

 
c. Open-grid ceilings. 

 
d. Open wood trusses. 

 
3. Openings in these components allow the heat to expand and spread, plus 

any water discharge spray pattern will not be disrupted. 
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MAXIMUM DEFLECTOR DIFFERENCE 
FROM CEILING/ROOF DECK

Construction type Maximum deflector difference from 
ceiling/roof deck

Unobstructed 12 inches.

Obstructed

1 to 6 inches below structural members,
maximum 22 inches to deck.

12 inches below ceiling/roof deck when installed 
in bays.

Variable above bottom of structural members to 
maximum 22 inches below ceiling as long as 
sprinklers meet obstruction criteria.

 

  
  
  
  
  
  
  
  
  
  
  

 
E. Maximum distance from ceiling/roof deck. 

 
1. Unobstructed: 12 inches. 

 
2. Obstructed. 

 
a. One to 6 inches below structural members, maximum 22 inches to 

deck. 
 

b. Twelve inches below ceiling/roof deck when installed in bays. 
 

c. Variable above bottom of structural members to maximum 22 
inches below ceiling as long as sprinklers meet obstruction criteria. 

 

Slide 5-35

MAXIMUM DEFLECTOR DIFFERENCE 
FROM CEILING/ROOF DECK (cont’d)

Maximum 12 inches below 
ceiling or roof deck.

 

  
  
  
  
  
  
  
  
  
  
  

 
3. Smooth flat ceilings can have sprinklers positioned within 12 inches of the 

ceiling. 
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MAXIMUM DEFLECTOR DIFFERENCE 
FROM CEILING/ROOF DECK (cont’d)

1 to 6 inches 
below structural 

members, 
maximum 22 

inches to deck.

 

  
  
  
  
  
  
  
  
  
  
  

 
4. The spacing of the sprinkler beneath the structural members is important 

because of the spray pattern that will develop. The total distance down is 
limited but shows that a delayed activation is not so important as 
discharging the water. 
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MAXIMUM DEFLECTOR DIFFERENCE 
FROM CEILING/ROOF DECK (cont’d)

12 inches below 
ceiling/roof deck when 

installed in all bays.

 

  
  
  
  
  
  
  
  
  
  
  

 
5. The example on the slide shows how a sprinkler is installed in every bay, 

which means the spray pattern will only be associated with that bay. 
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MAXIMUM DEFLECTOR DIFFERENCE 
FROM CEILING/ROOF DECK (cont’d)

Above bottom of 
structural 
members to 
maximum 22 
inches below 
ceiling as long as 
sprinklers meet 
obstruction 
criteria.

 

  
  
  
  
  
  
  
  
  
  
  

 
6. Sprinklers can be spaced lower to provide a spray pattern over a larger area. 
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CONTINUOUS OBSTRUCTION
• Beams, curtains, ducts.

Elevation view

A

B

CL sprinkler to 
obstruction (A)

Deflector to obstruction 
bottom (B) (maximum)

< 1 ft. 0 in. 0 in.

1 ft. 0 in. to < 1 ft. 6 in. 2 ½ in.

1 ft. 6 in. to < 2 ft. 0 in. 3 ½ in.

2 ft. 0 in. to <2 ft. 6 in. 5 ½ in.

2 ft. 6 in. to < 3 ft. 0 in. 7 ½ in.

3 ft. 0 in. to < 3 ft. 6 in. 9 ½ in.

3 ft. 6 in. to < 4 ft. 0 in. 12 in.

4 ft. 0 in. to < 4 ft. 6 in. 14 in.

4 ft. 6 in. to < 5 ft. 0 in. 16 ½ in.

5 ft. 0 in. to < 5 ft. 6 in. 18 in.

5 ft. 6 in. to < 6 ft. 0 in. 20 in.

6 ft. 0 in. to < 6 ft. 6 in. 24 in.

6 ft. 6 in. to < 7 ft. 0 in. 30 in.

7 ft. 0 in. to < 7 ft. 6 in. 35 in.  

  
  
  
  
  
  
  
  
  
  
  

 
F. Continuous obstruction. 

 
1. Beams, curtains, ducts. 

 
When a continuous obstruction is installed, there are distance requirements 
from the obstruction which are dependent upon the depth of the obstruction. 
If too close, then water will not pass the obstruction. 
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CONTINUOUS OBSTRUCTION 
(cont’d)

Elevation view

CL sprinkler to 
obstruction (A)

Deflector to obstruction 
bottom (B) (maximum)

< 1 ft. 0 in. 0 in.

1 ft. 0 in. to < 1 ft. 6 in. 2 ½ in.

1 ft. 6 in. to < 2 ft. 0 in. 3 ½ in.

2 ft. 0 in. to <2 ft. 6 in. 5 ½ in.

2 ft. 6 in. to < 3 ft. 0 in. 7 ½ in.

3 ft. 0 in. to < 3 ft. 6 in. 9 ½ in.

3 ft. 6 in. to < 4 ft. 0 in. 12 in.

4 ft. 0 in. to < 4 ft. 6 in. 14 in.

4 ft. 6 in. to < 5 ft. 0 in. 16 ½ in.

5 ft. 0 in. to < 5 ft. 6 in. 18 in.

5 ft. 6 in. to < 6 ft. 0 in. 20 in.

6 ft. 0 in. to < 6 ft. 6 in. 24 in.

6 ft. 6 in. to < 7 ft. 0 in. 30 in.

7 ft. 0 in. to < 7 ft. 6 in. 35 in.
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CONTINUOUS OBSTRUCTION 
(cont’d)

Elevation view

CL sprinkler to 
obstruction (A)

Deflector to 
obstruction 
bottom (B) 
(maximum)

< 1 ft. 0 in. 0 in.

1 ft. 0 in. to < 1 ft. 6 in. 2 ½ in.

1 ft. 6 in. to < 2 ft. 0 in. 3 ½ in.

2 ft. 0 in. to <2 ft. 6 in. 5 ½ in.

2 ft. 6 in. to < 3 ft. 0 in. 7 ½ in.

3 ft. 0 in. to < 3 ft. 6 in. 9 ½ in.

3 ft. 6 in. to < 4 ft. 0 in. 12 in.

4 ft. 0 in. to < 4 ft. 6 in. 14 in.

4 ft. 6 in. to < 5 ft. 0 in. 16 ½ in.

5 ft. 0 in. to < 5 ft. 6 in. 18 in.

5 ft. 6 in. to < 6 ft. 0 in. 20 in.

6 ft. 0 in. to < 6 ft. 6 in. 24 in.

6 ft. 6 in. to < 7 ft. 0 in. 30 in.

7 ft. 0 in. to < 7 ft. 6 in. 35 in.
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CONTINUOUS OBSTRUCTION 
(cont’d)

• Examples.

 

  
  
  
  
  
  
  
  
  
  
  

 
2. Examples: ductwork, wooden beams and a beam that would be an 

obstruction. 
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CONTINUOUS OBSTRUCTION 
(cont’d)

 

  
  
  
  
  
  
  
  
  
  
  

 
3. Examples of acceptable installation. 
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NONCONTINUOUS 
OBSTRUCTION

• Columns, pipes, 
fixtures.
– Use “3 times” rule.
– “A” > 3“C” or 3“D” 

(whichever is 
greater).

– A = maximum 24 
inches. C

A

D
Elevation view of web joist

 

  
  
  
  
  
  
  
  
  
  
  

 
G. Noncontinuous obstruction. 

 
1. Columns, pipes, fixtures. 

 
a. Use “three times” rule. 

 
b. “A” is greater than or equal to 3“C” or 3“D” (whichever is greater). 

 
c. A equals maximum 24 inches. 
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NONCONTINUOUS 
OBSTRUCTION (cont’d)

C

D

A

Plan view

 

  
  
  
  
  
  
  
  
  
  
  

 
- The figure illustrates the distance required for adequate 

water distribution when an open web joist has a solid base 
member. The concern is not the water discharging through 
the openness of the vertical portion of the structural member, 
but the size of the shadow created by the base member. 

 
- The measurements are the same if the obstruction is in the 

horizontal or the vertical arrangement. 
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NONCONTINUOUS 
OBSTRUCTION (cont’d)

• Examples.

 

  
  
  
  
  
  
  
  
  
  
  

 
2. Example: columns, a truss member, ceiling light fixtures and the flange for 

an open bar joist. 
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NONCONTINUOUS 
OBSTRUCTION (cont’d)

 

  
  
  
  
  
  
  
  
  
  
  

 
3. Examples of nonstructural components. 
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ACTIVITY 5.3 
 

Obstructed Construction 
 
Purpose 
 
Practice determining distances differentiating between obstructed and nonobstructed construction 
based on provided distances. 
 
 
Direction 
 
In your table group, view a series of images of construction and determine if each image 
indicates obstructed or unobstructed construction. 
 
1. Example 1: What is the required minimum clearance (A) from this column obstruction? 

Solve for A. 
 
  
 
  
 
  
 

2. Example 2: What is the maximum deflector distance (B) above the bottom of the beam? 
Solve for B. 
 
  
 
  
 
  
 

3. Example 3: Is the sprinkler obstructed? If so, how can the sprinkler location be modified 
to provide adequate coverage? 
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4. Example 4: Is the sprinkler obstructed? If so, how can the sprinkler location be modified 
to provide adequate coverage? 
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V. SPRINKLER DISCHARGE OBSTRUCTIONS (cont’d) 
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SPRINKLER COVERAGE AREA
• Is “per sprinkler” coverage area within 

limits?
Light Hazard classification

SSP/SSU Sidewall
Construction Area Spacing Area Spacing

Noncombustible,
unobstructed or 
combustible,
unobstructed

PS 200 15 196 14

HYD 225 15 196 14

Combustible, obstructed 168 15 120 14
Combustible, obstructed;
members < 3’ on center 130 15 NP NP

 

  
  
  
  
  
  
  
  
  
  
  

 
H. Sprinkler coverage area. 

 
1. Is “per sprinkler” coverage area within limits? 

 
2. This chart is composed from the spacing requirements in NFPA 13, 

Standard for the Installation of Sprinkler Systems, for sprinklers covering a 
Light Hazard occupancy. 

 
3. Most design professionals automatically state that as a Light Hazard 

occupancy, they can design up to 225 square feet per sprinkler. As seen, that 
depends on many factors. 

 
a. SSP = standard spray pendent. 

 
b. SSU = standard spray upright. 

 
c. PS = pipe schedule. 

 
d. HYD = hydraulically calculated. 

 
e. NP = not permitted. 
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SPRINKLER COVERAGE AREA 
(cont’d)

Ordinary Hazard classification

SSP/SSU Sidewall

Construction Area Spacing Area Spacing

All 130 15

Noncombustible, unobstructed

Noncombustible, obstructed

Combustible, obstructed

Combustible finish 80 10

Noncombustible finish 100 10
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SPRINKLER COVERAGE AREA 
(cont’d)

Extra Hazard classification
SSP/SSU

Construction Area Spacing
All, pipe schedule 90 12

All, hydraulically calculated 
with density ≥ 0.25 gpm/ft2 100 12

All, hydraulically calculated 
with density < 0.25 gpm/ft2 130 15

 

  
  
  
  
  
  
  
  
  
  
  

 
4. With the spacing calculated from the example, the system layout will not 

meet the requirements for Ordinary Hazard. We learned already that 
Ordinary Hazard will have one and a half to two times the amount of water 
discharge as compared to Light Hazard. 

 
5. The amount of water discharge is substantially more than Light Hazard and 

double that of Ordinary Hazard. Copious amounts of water will discharge, 
and the spacing is reduced so there will be lower pressures at the sprinkler 
while operating. 
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FROM WALL
• One-half allowable 

maximum spacing.
• No closer than 4 inches 

per sprinkler.

1/2 maximum 
listed

4 inches 
minimum

Photo courtesy of Keith Heckler Screenshot image courtesy of NFPA  

  
  
  
  
  
  
  
  
  
  
  

 
I. Minimum distance to wall. 

 
1. One-half allowable maximum spacing. 

 
2. No closer than 4 inches per sprinkler (from the wall to the center of the 

sprinkler). 
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IRREGULAR SHAPES

Maximum distance not to 
exceed 0.75 times allowable 

spacing:
15 x 0.75 = 11.25 feetDrawing courtesy of NFPA

 

  
  
  
  
  
  
  
  
  
  
  

 
J. Irregular shapes. 

 
1. Anything less than a 90-degree angle is considered an “irregular shape.” 

 
2. Not every room is perfectly square. When an irregular shape is experienced, 

a special calculation is performed. 
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SIDEWALL SPRINKLERS 
LIMITATIONS

• Construction: flat, smooth, unobstructed.
• If used in trusses:

– Web members less than 1 inch wide.
– Trusses 7 1/2 feet on center.

• Ceilings: smooth, flat ceiling 4:12 pitch or 
less.

• Noncombustible construction in some 
cases.

 

  
  
  
  
  
  
  
  
  
  
  

 
K. Sidewall sprinklers limitations. 

 
1. Construction: flat, smooth, unobstructed.  

 
2. If used in trusses: 

 
a. Web members less than 1 inch wide. 

 
b. Trusses 7 1/2 feet on center. 

 
3. Ceilings: smooth, flat ceiling 4:12 pitch or less. 

 
4. Noncombustible construction in some cases. 
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SIDEWALL SPRINKLERS 
SPACING FROM CEILING

• No closer than 4 inches.
• Distance from ceiling is 

dependent with listing.

Photo courtesy of Keith Heckler

Screenshot image courtesy of NFPA
Screenshot image courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
L. Sidewall sprinklers spacing from the ceiling. 

 
1. No closer than 4 inches. 

 
2. Distance from the ceiling is dependent with listing. 
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SMALL ROOM SPACING
• Maximum spacing of 9 feet 

from only a single wall.
• All other wall spacing must 

comply with spacing 
requirements of NFPA 13, 
Standard for the Installation 
of Sprinkler Systems.

Photo courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
M. Small room spacing: The rules change in small room calculations. 

 
1. Maximum spacing of 9 feet from only one wall. 

 
2. All other wall spacing must comply with spacing requirements of NFPA 13. 
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SMALL ROOM SPACING 
(cont’d)

• Room must be considered Light Hazard.
• Room must be 800 square feet or less.
• Ceiling must be of unobstructed 

construction.

 

  
  
  
  
  
  
  
  
  
  
  

 
3. The room must be considered Light Hazard. 

 
4. The room must be 800 square feet or less. 

 
5. The ceiling must be of unobstructed construction. 
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SMALL ROOM SPACING 
(cont’d)

• Room must be surrounded with walls.
• Openings in walls must have a header 

depth of 8 inches or more to trap heat.

Screenshot images courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
6. The room must be surrounded with walls and a ceiling. 

 
7. Openings in walls must have a header depth of 8 inches or more to trap heat. 

 
8. The small room rule allows designers to move sprinklers away from lights 

or heat vents and still provide coverage. 
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SMALL ROOM SPACING 
(cont’d)

• Special small room rule 
spacing calculation for 
sprinkler coverage.
– Two hundred and twenty-

five square feet 
maximum sprinkler 
coverage.

Drawing courtesy of NFPA

AS = 13 ft 7 1/2 in x 15 ft

AS = 204.53 ft2

 

  
  
  
  
  
  
  
  
  
  
  

 
9. Special small room rule spacing calculation for sprinkler coverage. 

 
Two hundred and twenty-five square feet maximum sprinkler coverage. 

 
As = 13 ft 7 1/2 in x 15 ft 

 
As = 204.53 ft2 
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SMALL ROOM SPACING 
(cont’d)

• Special small room rule spacing 
calculations for multiple sprinklers.
– Averaging technique.
– Total square footage of room divided by 

number of sprinklers in room must be less 
than 225 square feet.

Drawing courtesy of NFPA

As = 
30 ft x 15 ft
2 sprinklers

As = 225 ft2

 

  
  
  
  
  
  
  
  
  
  
  

 
10. Special small room rule spacing calculations for multiple sprinklers. 

 
a. Averaging technique. 

 
b. Total square footage of room divided by the number of sprinklers in 

a room must be less than 225 square feet. 
 

As = 
30 ft x 15 ft
2 sprinklers

 

 
As = 225 ft2  
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ACTIVITY 5.4 
 

Compartments and Small Rooms 
 
Purpose 
 
Recognize the conditions that classify an area as a compartment and the conditions that qualify 
an area for the small room rule. 
 
 
Directions 
 
1. You will be presented a series of plans and will determine if the arrangements qualify to 

have the small room rule applied. 
 
2. Office 132 is part of a new office building that is being erected. The office will contain a 

desk/computer workstation, rolling chair, credenza and two upholstered armchairs. The 
building is combustible construction. 

 
a. Does this room meet the NFPA 13 definition of a compartment? 

 
  
 
  
 
  
 

b. Does this room qualify as a small room in accordance with the definitions in 
NFPA 13? 
 
  
 
  
 
  
 

3. The local auto parts store offers parts, lube oil and antifreeze recycling service. 
Customers may bring in small quantities (not to exceed 5 quarts for lube oil or 5 gallons 
of other nonflammable fluids) in metal or plastic containers. The store’s staff members 
will take the products and transfer them to larger containers (55-gallon drums for the lube 
oil and 100-gallon portable tanks for the nonflammable fluids). The building is 
noncombustible construction. 
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a. Is the recycling processing room a different compartment from the adjacent 
space? 
 
  
 
  
 
  
 

b. Does this room qualify as a small room in accordance with the definitions in 
NFPA 13? Why or why not? 
 
  
 
  
 
  
 

4. A furniture store has a small room for miscellaneous storage of repair parts, catalogs and 
brochures, packing materials, and fabric cleaning and treatment products. The building is 
combustible construction. 

 
a. Is Space A part of the same compartment as Space B? Why or why not? 

 
  
 
  
 
  
 

b. Is Space B part of the same compartment as Space C? Why or why not? 
 
  
 
  
 
  
 

c. Does this room qualify as a small room in accordance with the definitions in 
NFPA 13? Why or why not? 
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5. This is a guest room at a local motel. In addition to the bathroom fixtures (all 
noncombustible), furniture in the room includes a bed, desk, wall-mounted television, 
two nightstands and a bureau for clothing. There is a clothes closet with solid, bifold 
closet doors. 

 
a. Is the closet part of the same compartment as the remainder of the room? Why or 

why not? 
 
  
 
  
 
  
 

b. Is the guest room part of the same compartment as the adjacent corridor? Why or 
why not? 
 
  
 
  
 
  
 

c. Does the bathroom qualify as a small room in accordance with the definitions in 
NFPA 13? Why or why not? 
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VI. SPECIAL SITUATIONS 
 

A. Although sprinklers are required in all areas, there are special situations where 
sprinklers are not required or additional sprinklers need to be added. 
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FIXED OBSTRUCTIONS
• Fixed obstructions 

greater than 4 feet wide.
– Ducts.
– Decks.
– Open-grate flooring.
– Intermediate rack.
– Shielded.

 

  
  
  
  
  
  
  
  
  
  
  

 
B. Fixed obstructions. 

 
1. Fixed obstructions greater than 4 feet wide. 

 
a. Ducts. 

 
b. Decks. 

 
c. Open-grate flooring. 

 
d. Intermediate rack. 

 
e. Shielded. 
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FIXED OBSTRUCTIONS (cont’d)
– Cutting tables.
– Overhead doors.
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f. Cutting tables. 
 

g. Overhead doors. 
 

2. When obstructions are less than 4 feet wide, the shadow that is created is 
not considered prohibiting. 

 
3. A recent technology found in parking garages of apartments/condominiums 

is car lifts. This allows occupants to park two or more cars in one parking 
space. The lift becomes an obstruction, and therefore sprinkler coverage 
must be provided underneath. A sidewall sprinkler positioned under the car 
lift in its highest position is normal. 

 
4. Other situations, such as tables, are not required to have sprinklers 

underneath. With garage doors, a minimum of one sprinkler is needed under 
the garage door in the fully open position. 
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SPECIAL SITUATIONS
• Service chutes.
• Shafts.
• Stairs.
• Escalators.

 

  
  
  
  
  
  
  
  
  
  
  

 
C. There are times where sprinklers are to be installed in certain arrangements. 

 
1. Service chutes. 

 
2. Shafts. 

 
3. Stairs. 

 
4. Escalators. 
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CONCEALED SPACES

Photo courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
D. Concealed spaces. 

 
When combustible floor spaces are used, sprinklers may be required. 
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SPRINKLER APPLICATIONS

Drawing courtesy of NFPA

Photo courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
E. Sprinkler applications. 

 
1. Architectural features made of combustible components will create 

combustible concealed space voids. 
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SPRINKLER APPLICATIONS 
(cont’d)

Photos courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
2. As designs become more complex, special attention will need to be paid. 
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SPRINKLER APPLICATIONS 
(cont’d)

Photo courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
3. Cloud ceilings and other scenarios may require sprinklers. 
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CANOPIES
Canopies 4 feet wide, 
unless:
• Noncombustible or 

limited combustible 
construction.

• Noncombustible 
exterior exit corridors 
50% open.
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F. Canopies 4 feet wide, unless: 
 

1. Noncombustible or limited combustible construction. 
 

2. Noncombustible exterior exit corridors 50% open. 
 

3. Sprinklers may be required under canopies depending upon the 
circumstances. 
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PORTE COCHERES
• Portico.
• Sprinklers not 

required if limited 
combustible or 
noncombustible 
construction.

 

  
  
  
  
  
  
  
  
  
  
  

 
G. Porte cocheres. 

 
1. Portico. 

 
2. Sprinklers not required if limited combustible or noncombustible 

construction. 
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PORTE COCHERES (cont’d)
• Are vehicles temporarily parked?
• Is it a combustible or noncombustible 

construction?
• Is there occupancy above?

 

  
  
  
  
  
  
  
  
  
  
  

 
3. Are vehicles temporarily parked? 
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4. Is it a combustible or noncombustible construction? 
 

5. Is there occupancy above? 
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OPEN-GRID AND DROP-OUT 
CEILINGS

• Open-grid 
ceilings.
– Only permitted 

in Light and 
Ordinary Hazard 
occupancies.

– Seventy percent 
open.

– Minimum 1/4-
inch openings.

Before

After

Photos courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
H. Open-grid and drop-out ceilings. 

 
1. Open-grid ceilings. 

 
a. Only permitted in Light Hazard and Ordinary Hazard occupancies. 

 
b. Seventy percent open. 

 
c. Minimum 1/4-inch openings. 

 
- The size of the openings will dictate if sprinklers will be 

required above and below the grid, and there are specific 
spacing limitations above the grid associated with the hazard 
classification as well.  

 
- Openings of 1/4 inch mixed with the hazard classification 

will dictate if sprinklers are required below the grid. 
 
  



FIRE SPRINKLER SYSTEM LAYOUT 

SM 5-47 

Slide 5-83

OPEN-GRID AND DROP-OUT 
CEILINGS (cont’d)

– Sprinkler spacing affects 
allowable distance 
between sprinkler 
deflector and grid.

Photos courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
d. Sprinkler spacing affects the allowable distance between the 

sprinkler deflector and the grid. 
 

- Drop-out ceilings are intended to melt and then allow the 
smoke to the sprinklers about the ceiling. The only concern 
with this arrangement is the replacement by unsuspecting 
builders of a cheaper ceiling grid. 
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OPEN-GRID AND DROP-OUT 
CEILINGS (cont’d)

• Drop-out ceilings.
– Allow for sprinklers to 

remain above ceiling.
– No sprinklers below.
– Tiles must be listed 

for purpose.
– Replacement plan?

Photos courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
2. Drop-out ceilings. 

 
a. Allow for sprinklers to remain above the ceiling. 

 
b. No sprinklers below. 

 
c. Tiles must be listed for this purpose. 

 
d. Replacement plan? 
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VII. SUMMARY 
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SUMMARY
• Design of the sprinkler system provides 

compliant coverage for all areas as 
required.

• Benefits and limitations of three sprinkler 
piping arrangements: tree, grid and loop 
systems.

• Spacing of the sprinklers is compliant.
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SUMMARY (cont’d)
• Sprinklers for application suitability.
• Sprinkler positioning with respect to 

construction configuration.
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COMMERCIAL FIRE SPRINKLER SYSTEM PLANS REVIEW 

  

 
 
 
 
 
 
 
 
 
 

UNIT 6: 
HYDRAULIC REMOTE DESIGN AREAS 
 
 
 

TERMINAL OBJECTIVE 
 
The students will be able to:  
 
6.1 Evaluate the arrangement of the hydraulically remote area given a set of design drawings. 
 
 

ENABLING OBJECTIVES 
 
The students will be able to: 
 
6.1 Identify the appropriate design method for the intended use area (room/area/storage). 
 
6.2 Determine the most hydraulically demanding area based upon the use, occupancy and location of the space. 
 
6.3 Determine the size and orientation of the most hydraulically remote area. 
 
6.4 Identify sprinkler design area modification as prescribed in National Fire Protection Association (NFPA) 

13, Standard for the Installation of Sprinkler Systems. 
 
6.5 Calculate the minimum length required for the remote area. 
 
6.6 Determine the spacing of sprinklers within the remote area. 
 
6.7 Determine the minimum number of sprinklers required to be in the remote area. 
 
6.8 Determine the minimum number of sprinklers on a branch line. 
 
6.9 Determine the appropriate water flow rate to satisfy required levels of protection based on design density or 

area application as per recognized standards. 
 
6.10 Conclude whether the remote area provides compliant protection for the intended hazard classification. 
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UNIT 6:
HYDRAULIC REMOTE 

DESIGN AREAS
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TERMINAL OBJECTIVE
Evaluate the arrangement of the hydraulically 
remote area given a set of design drawings.
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ENABLING OBJECTIVES
• Identify the appropriate design method for 

the intended use area (room/area/storage).
• Determine the most hydraulically 

demanding area based upon the use, 
occupancy and location of the space.

• Determine the size and orientation of the 
most hydraulically remote area.
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ENABLING OBJECTIVES (cont’d)
• Identify sprinkler design area modification 

as prescribed in National Fire Protection 
Association (NFPA) 13, Standard for the 
Installation of Sprinkler Systems.

• Calculate the minimum length required for 
the remote area.

• Determine the spacing of sprinklers within 
the remote area.
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ENABLING OBJECTIVES (cont’d)
• Determine the minimum number of 

sprinklers required to be in the remote 
area.

• Determine the minimum number of 
sprinklers on a branch line.

• Determine the appropriate water flow rate 
to satisfy required levels of protection 
based on design density or area 
application as per recognized standards.
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ENABLING OBJECTIVES (cont’d)
• Conclude whether the remote area 

provides compliant protection for the 
intended hazard classification.
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I. METHODS OF DESIGN OBJECTIVES 
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METHOD OF DESIGN 
OBJECTIVES

• Control mode. 
• Suppression mode.
• Residential.

Photo courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
A. Control mode provides fire control of specific fire hazards. 

 
B. Suppression mode provides fire suppression of specific high-challenge fire hazards. 

 
C. Residential.  

 
1. National Fire Protection Association (NFPA) 13, Standard for the 

Installation of Sprinkler Systems, specific four-sprinkler discharge (no 
minimum area for remote area). 

 
2. NFPA 13 property conservation requirements also applicable. 

 
3. NFPA 13R, Standard for the Installation of Sprinkler Systems in Low-Rise 

Residential Occupancies, and 13D, Standard for the Installation of 
Sprinkler Systems in One- and Two-Family Dwellings and Manufactured 
Homes, are life safety design only. 

 

Slide 6-8

METHOD OF DESIGN 
OBJECTIVES (cont’d)

• Sprinkler effectiveness 
depends on a 
combination of:
– Fast response.
– Quality and uniformity 

of sprinkler discharge.

Photo courtesy of Keith Heckler
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D. Sprinkler effectiveness depends on a combination of: 
 

1. Fast response. 
 

2. Quality and uniformity of sprinkler discharge. 
 
 
II. BASIC METHOD OF DESIGN 
 

Slide 6-9

BASIC METHOD OF DESIGN
• Two methods for the determination of 

piping diameters for sprinkler systems.
– Pipe schedule.
– Density/Area.

Photos courtesy of Keith Heckler  

  
  
  
  
  
  
  
  
  
  
  

 
A. Basic methods. 

 
1. Two methods for the determination of piping diameters for sprinkler 

systems. 
 

a. Pipe schedule. 
 

b. Density/Area. 
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BASIC METHOD OF DESIGN 
(cont’d)

• Pipe schedule systems.
– Legacy design process.
– Cookbook method.

• Limited applications.
– Light Hazard and 

Ordinary Hazard. 
-- Modification and additions only.
-- New systems less than 5,000 square feet.

– Extra Hazard.
-- Modification and additions only.

Photo courtesy of Keith Heckler
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2. Pipe schedule systems. 
 

a. Legacy design process. 
 

b. Cookbook method. 
 

3. Limited applications. 
 

a. Light Hazard and Ordinary Hazard. 
 

- Modification and additions only. 
 

- New systems less than 5,000 square feet. 
 

b. Extra Hazard. 
 

- Modifications only. 
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BASIC METHOD OF DESIGN 
(cont’d)

• Uses table or “schedule” for selecting pipe 
size.

• Must know:
– Hazard 

classification.
– Building area.
– Sprinkler spacing.

Screenshot image courtesy of NFPA

 

  
  
  
  
  
  
  
  
  
  
  

 
4. Uses table or “schedule” for selecting pipe size. 

 
5. Must know: 

 
a. Hazard classification. 

 
b. Building area. 

 
c. Sprinkler spacing. 
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BASIC METHOD OF DESIGN 
(cont’d)

• Given: 
– Ordinary Hazard, Group 1.
– Building area: 12,000 square feet.
– Spacing: 120 square feet per sprinkler.

Number of sprinklers = 
Square footage of building

Area per sprinkler

Number of sprinklers = 
12,000 ft2

120 ft2 per sprinkler

Number of sprinklers = 100 sprinklers

 

  
  
  
  
  
  
  
  
  
  
  

 
6. Given: 

 
a. Ordinary Hazard, Group 1. 

 
b. Building area: 12,000 square feet if new system cannot be more than 

5,000 square feet. 
 

c. Spacing: 120 square feet per sprinkler. 
 

Number of sprinklers = square footage of building/area per sprinkler 
 

Number of sprinklers = 12,000 ft2/120 ft2 per sprinkler 
 

Number of sprinklers = 100 sprinklers 
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BASIC METHOD OF DESIGN 
(cont’d)

Number of sprinklers per pipe size

Diameter 
(inches) Light Hazard Ordinary 

Hazard

1 2 2

1-1/4 3 3

1-1/2 5 5

2 10 10

2 1/2 30 20

3 60 40

3 -1/2 100 65

4 100

 

  
  
  
  
  
  
  
  
  
  
  

 
7. Comparison of piping diameters. 
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BASIC METHOD OF DESIGN 
(cont’d)

Screenshot images courtesy of Keith Heckler  

  
  
  
  
  
  
  
  
  
  
  

 
8. True life pipe schedule system: Sprinkler shop drawings for pipe schedule 

systems are drawn in the same manner as hydraulically calculated systems. 
The notes on the plans will specify that the design is in accordance with a 
pipe schedule system. No remote area will be indicated. The plan is marked 
with numbers counting the sprinklers. The numbers in boxes are the sum of 
sprinklers from the branch lines working back toward the riser. Note the 
large diameter cross main does not adjust to a lower number of sprinklers 
because this diagram is only a portion of a larger project. 
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BASIC METHOD OF DESIGN 
(cont’d)

• Residual pressure (pounds per square inch 
(psi)) at highest elevation (h x 0.433).

• Lower flow if noncombustible or 
compartmentalized.

• Lower duration if water flow supervised off 
premises.

Hazard 
classification

Minimum 
residual pressure 

(psi)

Base-of-riser 
flow 

(gallons per 
minute (gpm))

Duration 
(minutes)

Light 15 500-750 30-60

Ordinary 20 850-1,500 60-90

 

  
  
  
  
  
  
  
  
  
  
  

 
9. Residual pressure (pounds per square inch (psi)) at highest elevation (h x 

0.433). 
 

10. Lower flow if noncombustible or compartmentalized. 
 

11. Lower duration if water flow is supervised off premises. 
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BASIC METHOD OF DESIGN 
(cont’d)

• Example: calculating necessary pressure.
– Given: storage occupancy, height between 

floor to sprinklers is 20 feet.
– Find: necessary pressure at base-of-riser.

Illustration courtesy of Keith Heckler

Required pressure

= Sprinkler pressure + h x 0.433

= 20 psi + (20 ft. x 0.433)

= 28.66 psi

 

  
  
  
  
  
  
  
  
  
  
  

 
12. Example: calculating necessary pressure. 

 
a. Given: 

 
- Storage occupancy. 

 
- Height between floor to sprinklers is 20 feet. 

 
b. Find: necessary pressure at base-of-riser. 

 
- Required pressure  

 
= Sprinkler pressure + (h x 0.433) 

 
= 20 psi + (20 feet x 0.433) 

 
= 28.66 psi 
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BASIC METHOD OF DESIGN 
(cont’d)

• Density/Area method is the currently 
accepted design process since 1966.
– Cost and mathematically effective.
– Hydraulically calculated systems permitted for 

all hazards.

Photo courtesy of Keith Heckler
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13. Density/Area method is the currently accepted design process since 1966. 
 

a. Cost and mathematically effective. 
 

b. Hydraulically calculated systems are permitted for all hazards. 
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BASIC METHOD OF DESIGN 
(cont’d)

• Performance-type system where:
– Area of application and 

density are specified.
– Pipe size and piping 

arrangement are 
calculated for efficiency.

• Uses “Remote Area” 
principle.

• Water supply accuracy 
is paramount. Photo courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
14. Performance-type system where: 

 
a. Area of application and density are specified. 

 
b. Pipe size and piping arrangement are calculated for efficiency. 

 
15. Uses “Remote Area” principle. 

 
16. Water supply accuracy is paramount. 
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BASIC METHOD OF DESIGN 
(cont’d)

• If sprinklers can control 
fire in the most remote, 
hydraulically challenging 
area, anything upstream 
(closer to the water 
supply) will be protected 
adequately.
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17. If sprinklers can control fire in the most remote, hydraulically challenging 
area, anything upstream (closer to the water supply) will be protected 
adequately. 
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BASIC METHOD OF DESIGN 
(cont’d)

• The density/area method.
– Standard orifice.
– Large/Extra-large orifice.
– Quick response/standard response.
– Temperature rating.

 

  
  
  
  
  
  
  
  
  
  
  

 
18. The density/area method. 

 
a. Standard orifice. 

 
b. Large/Extra-large orifice. 

 
c. Quick response/standard response. 

 
d. Temperature rating. 
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BASIC METHOD OF DESIGN 
(cont’d)

• Other factors affecting sprinkler response 
time:
– Ceiling height.
– Spacing.
– Ambient room 

temperature.
– Distance below 

ceiling.

Photos courtesy of Keith Heckler  

  
  
  
  
  
  
  
  
  
  
  

 
19. Other factors affecting sprinkler response time: 

 
a. Ceiling height. 
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b. Spacing. 

c. Ambient room temperature. 

d. Distance below ceiling. 

- In most fire scenarios, sprinkler activation times will be
shortest where the thermal elements are located 1 inch (25.4
millimeters) to 3 inches (76.2 millimeters) below the ceiling.

Slide 6-22

BASIC METHOD OF DESIGN 
(cont’d)

• Remote area is not necessarily the most
physically remote point.

• Occupancy-driven based on:
– Estimated fire size.
– Predicted number of operating sprinklers.

?

? ?
?

20. Remote area is not necessarily the most physically remote point.

21. Occupancy-driven based on:

a. Estimated fire size.

b. Predicted number of operating sprinklers.
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BASIC METHOD OF DESIGN 
(cont’d)

• Floor area that is most hydraulically remote
due to:
– Friction loss (pipe diameters).
– Water flow demand (hazard based).
– Elevation (location aboveground).
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22. Floor area that is most hydraulically remote due to: 
 

a. Friction loss (pipe diameters). 
 

b. Water flow demand (hazard based). 
 

c. Elevation (location aboveground). 
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TREE SYSTEM FLOW PATH

 

  
  
  
  
  
  
  
  
  
  
  

 
B. Tree system flow path. 
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MULTIPLE HAZARDS
Office

Interior 
wall

Sprinkler 
riser

Flammable Liquid 
Storage Storage-12’ height

Exterior walls

 

  
  
  
  
  
  
  
  
  
  
  

 
C. Multiple remote areas: Depending upon pipe diameters, the most physically remote 

area may not be the most demanding. 
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TREE SYSTEM EXAMPLE

 

  
  
  
  
  
  
  
  
  
  
  

 
D. Tree system example. 

 
 
III. IDENTIFY THE DESIGN HAZARD CLASSIFICATION 
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IDENTIFY THE DESIGN 
HAZARD CLASSIFICATION

Task Tool

Identify the design hazard classification. NFPA 13 and Unit 2: Hazard Classification.

Identify the remote area and modifications. Density area chart.

Measure sprinkler spacing. Maximum sprinkler spacing chart.

Verify number of sprinklers in remote area. Formula: Demand area of coverage divided by sprinkler 
coverage.

Verify the size of the rectangular demand area. Formula: 1.2 times the square root of the demand area.

Determine number of sprinklers on branch line. Formula: Length of rectangle divided by sprinkler spacing.

Verify adequate density is being discharged. Formula: Sprinkler flow divided by area per sprinkler.

Verify flow from remote sprinkler. Formula: K-factor multiplied by square root of sprinkler 
pressure.

What is minimum flow demand for system? Formula: Density times remote area.

 

  
  
  
  
  
  
  
  
  
  
  

 
Identify the design hazard classification using NFPA 13 and Unit 2: Hazard Classification. 
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IDENTIFY THE DESIGN HAZARD 
CLASSIFICATION (cont’d)

• Choices include:
– Light Hazard.
– Ordinary Hazard, Group 1.
– Ordinary Hazard, Group 2.
– Extra Hazard, Group 1.
– Extra Hazard, Group 2.

Photos courtesy of Keith Heckler  

  
  
  
  
  
  
  
  
  
  
  

 
A. Choices include: 

 
1. Light Hazard. 

 
2. Ordinary Hazard, Group 1. 

 
3. Ordinary Hazard, Group 2. 

 
4. Extra Hazard, Group 1. 

 
5. Extra Hazard, Group 2. 
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IDENTIFY THE DESIGN HAZARD 
CLASSIFICATION (cont’d)

• There may be special requirements found 
in other sections of NFPA 13.

Photos courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
B. There may be special requirements found in other sections of NFPA 13. 

 
Separate standards have distinctive sprinkler performance requirements. NFPA 13 
has a chapter for special designs that is intended to expand upon these requirements. 
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IV. IDENTIFY REMOTE AREA AND MODIFICATIONS 
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IDENTIFY REMOTE AREA AND 
MODIFICATIONS

Task Tool

Identify the design hazard classification. NFPA 13 and Unit 2.

Identify the remote area and modifications. Density area chart.

Measure sprinkler spacing. Maximum sprinkler spacing chart.

Verify number of sprinklers in remote area. Formula: Demand area of coverage divided by sprinkler 
coverage.

Verify the size of the rectangular demand area. Formula: 1.2 times the square root of the demand area.

Determine number of sprinklers on branch line. Formula: Length of rectangle divided by sprinkler spacing.

Verify adequate density is being discharged. Formula: Sprinkler flow divided by area per sprinkler.

Verify flow from remote sprinkler. Formula: K-factor multiplied by square root of sprinkler 
pressure.

What is minimum flow demand for system? Formula: Density times remote area.

 

  
  
  
  
  
  
  
  
  
  
  

 
A. Determine the most demanding area and remote area modification using the density 

chart. 
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IDENTIFY REMOTE AREA AND 
MODIFICATIONS (cont’d)

• Density/Area curve method dictates the 
water necessary.

 

  
  
  
  
  
  
  
  
  
  
  

 
1. Density/Area curve method dictates the water necessary. 
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IDENTIFY REMOTE AREA AND 
MODIFICATIONS (cont’d)

• With the hazard classification, find the bold 
line with its classification.

 

  
  
  
  
  
  
  
  
  
  
  

 
2. With the hazard classification, find the bold line with its classification. 
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IDENTIFY REMOTE AREA AND 
MODIFICATIONS (cont’d)

• To read the point chosen on the line, 
upward/downward indicates the amount of 
water required to be discharged per square 
foot of the remote area.

 

  
  
  
  
  
  
  
  
  
  
  

 
3. To read the point chosen on the line, upward/downward indicates the 

amount of water required to be discharged per square foot of remote area. 
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IDENTIFY REMOTE AREA AND 
MODIFICATIONS (cont’d)

• To the sides indicates the minimum size of 
the remote area.
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4. To the sides indicates the minimum size of the remote area. 
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IDENTIFY REMOTE AREA AND 
MODIFICATIONS (cont’d)

• Any point on the curve on the chart can be 
used with the appropriate hazard 
classification.

 

  
  
  
  
  
  
  
  
  
  
  

 
5. Any point on the curve on the chart can be used with the appropriate hazard 

classification. 
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IDENTIFY REMOTE AREA AND 
MODIFICATIONS (cont’d)

• Using the greatest density and the smallest 
area of coverage is usually found to be the 
most economical.

 

  
  
  
  
  
  
  
  
  
  
  

 
6. Using the greatest density and the smallest area of coverage is usually found 

to be the most economical. 
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DENSITY
• Density is the discharge from a sprinkler 

over one square foot of floor area.

 

  
  
  
  
  
  
  
  
  
  
  

 
7. Density. 

 
a. Density is the discharge from a sprinkler over one square foot of 

floor area. 
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DENSITY (cont’d)
• Flow of sprinkler is density multiplied by the 

area of coverage.

 

  
  
  
  
  
  
  
  
  
  
  

 
b. Flow of sprinkler is density multiplied by the area of coverage. 
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DENSITY (cont’d)
• Example: A sprinkler with a coverage area 

of 130 square feet and a design density of 
0.15 gpm per square foot would require 
19.5 gpm.

Q = ρ A
Q = 0.15 gpm/ft2  × (130 ft2)

Q = 19.5 gpm

 

  
  
  
  
  
  
  
  
  
  
  

 
c. Example: A sprinkler with a coverage area of 130 square feet and a 

design density of 0.15 gallons per minute (gpm) per square foot 
would require 19.5 gpm. 

 
Q = ρA 

 
Q = (0.15 gpm/ft2) x (130 ft2) 

 
Q = 19.5 gpm 
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REMOTE AREA ADJUSTMENTS
• After pinpointing a starting point on the 

chart, the size of the remote area can be 
adjusted based upon multiple factors.

• Final determination for the amount of water 
and area coverage of a sprinkler to start 
the hydraulic calculation.

 

  
  
  
  
  
  
  
  
  
  
  

 
8. Remote area adjustments. 

 
a. After pinpointing a starting point on the chart, the size of the remote 

area can be adjusted based upon multiple factors. 
 

b. Final determination for the amount of water and area coverage of a 
sprinkler to start the hydraulic calculation. 
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c. Examples of universally accepted nomenclature: 
 

- 0.1/1,500 (0.1 gpm/ft2 over 1,500 ft2). 
 

- 0.15/1,500 (0.15 gpm/ft2 over 1,500 ft2). 
 

- 0.3/2,500 (0.3 gpm/ft2 over 2,500 ft2). 
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REMOTE AREA ADJUSTMENTS 
(cont’d)

• Design area may be 
reduced:
– Quick-response sprinkler

(QRS).
– Wet pipe system.
– Light Hazard or Ordinary

Hazard.
– 20-foot ceiling height.
– No unprotected ceiling 

pockets greater than 
32 square feet.

 

  
  
  
  
  
  
  
  
  
  
  

 
d. Design area may be reduced by a specified percentage when all of 

the following conditions exist: 
 

- Quick-response sprinklers (QRSs). 
 

- Only wet pipe system. 
 

- Only Light Hazard or Ordinary Hazard occupancies. 
 

- Maximum 20-foot ceiling height. 
 

- No unprotected ceiling pockets greater than 32 square feet. 
 

-- According to NFPA 13, a ceiling pocket is “an 
architectural ceiling feature that consists of a 
bounded area of ceiling located at a higher elevation 
than the attached lower ceiling” (NFPA, 2019, 
section 3.3.25). 
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REMOTE AREA ADJUSTMENTS 
(cont’d)

• Use formula for exact dimensions.

y = 
−3x
2  + 55 (US)

y = −4.8x + 54.6 (SI)

 

  
  
  
  
  
  
  
  
  
  
  

 
e. Use formula for exact dimensions.  

 
- (y = ceiling height; x = reduction) 

 
- y = (–3x)/2 + 55 (US) 

 
- y = –4.8x + 54.6 (SI) 
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Illustration courtesy of Keith Heckler

REMOTE AREA ADJUSTMENTS 
(cont’d)

 

  
  
  
  
  
  
  
  
  
  
  

 
f. Different ceiling heights associated with the proximity to the fire. 

 
- With the closer distance, the QRSs will be exposed to 

elevated temperatures of the fire plume at an earlier stage of 
the fire.  

 
- A comparative study of standard response with QRSs found 

that fewer QRSs activated for the same fire.  
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- With the fire in an incipient stage, a lesser number of 
sprinklers will activate, thus allowing a smaller remote area 
to be designed. 

 

Slide 6-44Illustration courtesy of Keith Heckler

REMOTE AREA ADJUSTMENTS 
(cont’d)
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Illustrations courtesy of Keith Heckler

Maximum ceiling height Above Finished 
Floor (AFF) used for % reduction

Maximum ceiling height AFF used for 
% reduction

REMOTE AREA ADJUSTMENTS 
(cont’d)

 

  
  
  
  
  
  
  
  
  
  
  

 
g. The reduction for sloped ceilings is based upon the maximum 

ceiling height located within the space. 
 

The high point will collect the heated gases and bank its way 
downward. The height of the sprinklers is not of concern; only the 
maximum height of the ceiling peak is. 
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• Calculation is not required to be 
shown, but is useful.

Screenshot images courtesy of Keith Heckler

REMOTE AREA ADJUSTMENTS 
(cont’d)

 

  
  
  
  
  
  
  
  
  
  
  

 
h. Calculation is not required to be shown, but is useful. 
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Why would a 
designer want 
smaller area?
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QUICK RESPONSE 
REDUCTION EXAMPLE

• Given:
– Furniture store.
– Wet pipe system.
– Ordinary Hazard, Group 2 (0.2 gpm over 

1,500 square feet).
– Flat, horizontal acoustical ceiling tile (ACT) 

height of 12 feet, 0 inches.
• Can the remote area be adjusted, and if so, 

what is the new size?

 

  
  
  
  
  
  
  
  
  
  
  

 
9. Quick response reduction example. 
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a. Given:  
 

- Furniture store. 
 

- Wet pipe system. 
 

- Ordinary Hazard, Group 2 (0.2 gpm over 1,500 square feet). 
 

- Flat, horizontal acoustical ceiling tile (ACT) height of 12 
feet, 0 inches. 

 
b. Can the remote area be adjusted, and if so, what is the new size? 
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QUICK RESPONSE 
REDUCTION EXAMPLE (cont’d)

Ask yourself… Yes No
Is the sprinkler system a wet pipe 
system? 

Is the hazard Light or Ordinary? 

Is the ceiling 20 feet in height or 
less? 

Are there no unprotected pockets 
greater than 32 square feet? 

 

  
  
  
  
  
  
  
  
  
  
  

 
c. Ask yourself: 

 
- Is the sprinkler system a wet pipe system? 

 
- Is the hazard Light or Ordinary? 

 
- Is the ceiling 20 feet in height or less? 

 
- Are there no unprotected pockets greater than 32 square 

feet? 
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QUICK RESPONSE 
REDUCTION EXAMPLE (cont’d)

y = −3x
2  + 55

(x = height of the ceiling)

y = −3 (12 ft)
2  + 55

y =  −36
2  + 55

y = −18 + 55

 

  
  
  
  
  
  
  
  
  
  
  

 
y = (–3x)/2 + 55 

 
(x = height of the ceiling) 

 
y = (–3 (12 ft))/2 + 55 

 
y = (–36)/2 + 55 
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QUICK RESPONSE 
REDUCTION EXAMPLE (cont’d)

y = −18 + 55

(y = 37% reduction)

1,500 ft2  x 
37

100  = 555 ft2 reduction

1,500 ft2  − 555 ft2  = 945 ft2

Adjusted remote area = 945 ft2

 

  
  
  
  
  
  
  
  
  
  
  

 
y = –18 + 55 

 
(y = 37% reduction) 

 
1,500 ft2 x 37/100 = 555 ft2 reduction 

 
1,500 ft2 – 555 ft2 = 945 ft2 

 
Adjusted remote area = 945 ft2 
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QUICK RESPONSE 
REDUCTION EXAMPLE (cont’d)
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REMOTE AREA 
MODIFICATIONS

• Increase remote area by 30%. 
– Dry pipe and double 

interlock sprinkler systems.
– Non-storage occupancies 

with ceilings sloped more 
than 1:6 (2 inches in 
12 inches) when using 
spray, extended coverage,
quick response or large 
drop sprinklers.

Photos courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
B. Remote area modifications. 

 
1. Increase remote area by 30%. 

 
a. Dry pipe and double interlock sprinkler systems. 

 
b. Non-storage occupancies with ceilings sloped more than 1:6 (2 

inches in 12 inches) when using spray, extended coverage, quick 
response or large drop sprinklers. 
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REMOTE AREA 
MODIFICATIONS (cont’d)

• Information about increased 
remote area could be shown on 
the plans.

Screenshot images courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
2. Information about an increased remote area could be shown on the plans. 

 
A designer may provide information as to why the remote area was 
increased. NFPA 13 does not require the designer to provide this 
information, but it may be introduced in many different forms on the plans. 
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REMOTE AREA 
MODIFICATIONS (cont’d)

• Reduce remote area by 25%.
– Extra Hazard occupancies, when 

using high-temperature sprinklers.

Screenshot image courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
3. Reduce remote area by 25%. 

 
Extra Hazard occupancies, when using high-temperature sprinklers. 

 
a. Not less than 2,000 square feet. 

 
b. Do not revise density. 
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REMOTE AREA MODIFICATION 
EXAMPLE 1

• Given:  
– Car dealership showroom.
– Wet pipe system.
– Ordinary Hazard, Group 1 (0.15  gpm over 

1,500 square feet).
– Sloped roof heights up to peak of 20 feet.
– The angle of the slope is 4:12.

• Are modifications required, and if so, what 
is the new remote area size?
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REMOTE AREA MODIFICATION 
EXAMPLE 1 (cont’d)

,

 

  
  
  
  
  
  
  
  
  
  
  

 
4. Remote area modification example 1. 

 
a. Given:  

 
- Car dealership showroom. 

 
- Wet pipe system. 

 
- Ordinary Hazard, Group 1 (0.15 gpm over 1,500 square 

feet). 
 

- Sloped roof heights up to peak of 20 feet.  
 

- The angle of the slope is 4:12. 
 

b. Are modifications required, and if so, what is the new remote area 
size? 
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- The 0.15 density was chosen along the Ordinary Hazard 
design line with the smallest remote area. Typically, 
designers will use the smallest design area but with the 
largest gallons per square foot. 
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REMOTE AREA MODIFICATION 
EXAMPLE 1 (cont’d)

Adjusted remote area = remote area + 30%

1,500 ft2  x 30
100  = 450 ft2 increase

1,500 ft2 + 450 ft2 = 1,950 ft2

Adjusted remote area = 1,950 ft2

New design density/area is 0.15 gpm over 
1,950 square feet.

 

  
  
  
  
  
  
  
  
  
  
  

 
- Adjusted remote area equals remote area plus 30% of 

original remote area size. 
 

- Remember that this is Ordinary Hazard, Group 1 (0.15 gpm 
over 1,500 square feet), and 30% of the remote area chosen 
is required for a dry system. 

 
Adjusted remote area = remote area + 30%  

 
1,500 ft2 x 30/100 = 450 ft2 increase  

 
1,500 ft2 + 450 ft2 = 1,950 ft2 

 
Adjusted remote area = 1,950 ft2 

 
New design density/area is 0.15 gpm over 1,950 square feet. 

 
  



HYDRAULIC REMOTE DESIGN AREAS 

SM 6-32 

Slide 6-59

REMOTE AREA MODIFICATION 
EXAMPLE 2

• Given:  
– Storage area in laboratory.
– Wet pipe system.
– Extra Hazard, Group 1 (0.3 gpm over 2,500 

square feet).
– Class A plastics storage height of 10 feet 0 

inches.
– 286 F sprinklers.

• Can the remote area be adjusted, and if so, 
what is the new remote area size?

 

  
  
  
  
  
  
  
  
  
  
  

 
5. Remote area modification example 2. 

 
a. Given:  

 
- Storage area in laboratory. 

 
- Wet pipe system. 

 
- Extra Hazard, Group 1 (0.3 gpm over 2,500 square feet). 

 
- Class A plastics storage height of 10 feet, 0 inches. 

 
- High-temperature sprinklers (286 F). 

 
b. Can the remote area be adjusted, and if so, what is the new remote 

area size? 
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REMOTE AREA MODIFICATION 
EXAMPLE 2 (cont’d)

2,500 ft2 x 
25

100  = 625 ft2 decrease

2,500 ft2 – 625 ft2 = 1,875 ft2

Adjusted remote area = 1,875 ft2

New design density/area is 0.30 gpm over 1,875 square 
feet.

STOP
Extra Hazard remote area can never be less than 2,000 

square feet, therefore, the new design density/area is 0.30 
gpm over 2,000 square feet.
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- Remember that it is Extra Hazard, Group 1 (0.3 gpm over 
2,500 square feet), and 25% could be used for an Extra 
Hazard remote area equipped with high-temperature 
sprinklers. Remember that reductions are voluntary and not 
required. Increases are required. 

 
2,500 ft2 x 25/100 = 625 ft2 decrease  

 
2,500 ft2 – 625 ft2 = 1,875 ft2 

 
Adjusted remote area = 1,875 ft2 

 
New design density/area is 0.30 gpm over 1,875 square feet. 

 
c. Extra Hazard remote area can never be less than 2,000 square feet, 

therefore, the new design density/area is 0.30 gpm over 2,000 square 
feet. The remote area cannot be adjusted in this example. 

 

Slide 6-61

COMPOUNDING EXAMPLE
• All remote area adjustments may be 

compounded.
• Given:  

– Modular home builder.
– Extra Hazard, Group 2.
– Wet pipe system.
– Slope roof with height up to 20 feet AFF.  
– The angle of the slope is 4:12.
– High-temperature sprinklers (286 F).
– Selected area of application: 3,600 square feet.
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COMPOUNDING EXAMPLE 
(cont’d)

,
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6. Compounding example. 
 

a. All remote area adjustments may be compounded. 
 

b. Given: 
 

- Modular home builder. 
 

- Extra Hazard, Group 2. 
 

- Wet pipe system. 
 

- Sloped roof heights up to peak of 20 feet.  
 

- The angle of the slope is 4:12. 
 

- High-temperature sprinklers (286 F). 
 

- Selected area of application: 3,600 square feet. 
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COMPOUNDING EXAMPLE 
(cont’d)

First adjusted area = remote area + 30%

3,600 ft2 x 30
100 

= 1,080 ft2 increase

3,600 ft2 + 1,080 ft2 = 4,680 ft2

 

  
  
  
  
  
  
  
  
  
  
  

 
First adjusted area = remote area + 30% 

 
3,600 ft2 x 30/100 = 1,080 ft2 increase 

 
3,600 ft2 + 1,080 ft2 = 4,680 ft2 
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COMPOUNDING EXAMPLE 
(cont’d)

Second adjusted area
= first adjusted area − 25%

4,680 ft2 x 25
100  = 1,170 ft2 decrease

4,680 ft2 − 1,170 ft2 = 3,510 ft2

Final adjusted remote area = 3,510 ft2

 

  
  
  
  
  
  
  
  
  
  
  

 
Second adjusted area = first adjusted area – 25% 

 
4.680 ft2 x 25/100 = 1,170 ft2 decrease 

 
4,680 ft2 – 1,170 ft2 = 3,510 ft2 

 
Final adjusted remote area = 3,510 ft2 
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ROOM DESIGN METHOD
• Based on the largest room.
• Enclosures and openings must be 

protected to a fire resistance rating equal to 
the water supply duration.

 

  
  
  
  
  
  
  
  
  
  
  

 
7. Room design method. 

 
a. Based on the largest room. 

 
b. Enclosures and the opening must be protected to a fire resistance 

rating equal to the water supply duration. 
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ROOM DESIGN METHOD (cont’d)
• Design intent is 

required to be shown 
on shop drawings.

• All unprotected wall 
openings throughout 
the floor are protected.

Screenshot image courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
c. Design intent is required to be shown on shop drawings. 

 
d. All unprotected wall openings throughout the floor are protected. 
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ACTIVITY 6.1 
 

Verifying Adjusted Remote Areas 
 
Purpose 
 
Verify the appropriateness of the adjusted remote areas in the listed descriptions. 
 
 
Directions 
 
1. Read the following scenarios. 
 
2. The instructor will walk through the first two scenarios with the class. 
 
3. Make the appropriate adjustments to the remote area if any are due. 
 
4. Responses should be whole numbers — no decimals or partial numbers. Your results 

should be within a margin of error of plus or minus 5%. 
 
5. The instructor will review the correct answers with the class after the answers have been 

graded and provided back to you. 
 
 
Scenarios 
 
1. A school has a gymnasium that is designed for Light Hazard. The density is 0.1 over 

1,500 square feet with QRSs. There is no ACT, and the roof structure is exposed at 22 
feet, 0 inches. The roof is horizontal and flat with skylights and open steel bar joists. Can 
the remote area be adjusted, and if so, what is the area size? 

 
  
 
  
 
  

 
2. In a church’s sanctuary, the architectural feature has a sloped ceiling of 4 inches height 

for every 12 inches horizontally. The peak of the ceiling is 25 feet Above Finished Floor 
(AFF). The sanctuary is deemed to be Light Hazard with a 0.1 over 1,500 square feet 
design. QRSs will be installed with a wet pipe system. Are modifications required, and if 
so, what is the new remote area size? 
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3. An old warehouse is converted to an office building of Type 5B construction. The 
minimum roof height is 21 feet. A wet sprinkler system with QRSs is installed with a 
Light Hazard design of 0.1 over 1,500 square feet. The roof slope above the office spaces 
is 4:12 pitch. Are modifications required, and if so, what is the new remote area size? 

 
  
 
  
 
  

 
4. At a car dealership’s maintenance area, a wet system is installed for Ordinary Hazard, 

Group 1 design of 0.15 over 1,500 square feet. QRSs are installed. There is no drop 
ceiling, leaving the floor open to the roof deck. The gable roof is sloped from its exterior 
wall of 14 feet, 9 inches. The ceiling is 18 feet, 7 inches AFF at its midpoint peak and 
back down to 14 feet, 9 inches AFF at the opposite exterior wall. The width between the 
exterior walls is 66 feet, 0 inches. Can the remote area be adjusted, and if so, what is the 
new remote area size? 

 
  
 
  
 
  

 
5. An outpatient urgent care facility has a wet pipe sprinkler system installed with QRSs and 

an ACT of 8 feet, 0 inches AFF. The design is for the Light Hazard of 0.1 over 1,500 
square feet. Can the remote area be adjusted, and if so, what is the new remote area size? 

 
  
 
  
 
  

 
6. The city woodshop has a wet pipe system designed as Ordinary Hazard, Group 2. The 

shop area is open to the roof deck located at 18 feet, 4 inches AFF with QRSs. Can the 
remote area be adjusted, and if so, what percentage is the reduction? 
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7. A restaurant of Type 5 construction has a dry system installed throughout the building. 
The design in the dining room is Light Hazard with 0.1 over 1,500 square feet with 
QRSs. The slope of the open roof deck to the dining area is 7:12. Are modifications 
required, and if so, what is the new remote area size? 
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V. MEASURE SPRINKLER SPACING 
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MEASURE SPRINKLER 
SPACING

Task Tool

Identify the design hazard classification. NFPA 13 and Unit 2.

Identify the remote area and modifications. Density area chart.

Measure sprinkler spacing. Maximum sprinkler spacing chart.

Verify number of sprinklers in remote area. Formula: Demand area of coverage divided by sprinkler 
coverage.

Verify the size of the rectangular demand area. Formula: 1.2 times the square root of the demand area.

Determine number of sprinklers on branch line. Formula: Length of rectangle divided by sprinkler spacing.

Verify adequate density is being discharged. Formula: Sprinkler flow divided by area per sprinkler.

Verify flow from remote sprinkler. Formula: K-factor multiplied by square root of sprinkler 
pressure.

What is minimum flow demand for system? Formula: Density times remote area.

 

  
  
  
  
  
  
  
  
  
  
  

 
Measure sprinkler spacing using maximum sprinkler spacing chart. 
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MEASURE SPRINKLER 
SPACING (cont’d)

• Spacing of sprinklers.
– Determined by the 

designer.
– Configure the most 

economical way within 
the rules and tables in 
NFPA 13.

– Conform to the sprinkler 
coverage chart 
according to hazard 
classification.

Photo courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
A. Determine the location of first standard sprinkler. Spacing of sprinklers: 

 
1. Determined by the designer. 

 
2. Configure the most economical way within the rules and tables in NFPA 

13. 
 

3. Conform to the sprinkler coverage chart according to hazard classification. 
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MEASURE SPRINKLER 
SPACING (cont’d)

• Maximum spacing of sprinklers from NFPA 
13.

Screenshot image courtesy of NFPA

 

  
  
  
  
  
  
  
  
  
  
  

 
B. Maximum spacing of sprinklers from NFPA 13. 
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MEASURE SPRINKLER 
SPACING (cont’d)

• Go to the remote area on the plans.
• Start with the end-of-the-line sprinkler.
• First measure the spacing from the walls.

 

  
  
  
  
  
  
  
  
  
  
  

 
C. Go to the remote area on the plans. 

 
D. Start with the end-of-the-line sprinkler. 

 
E. First measure the spacing from the walls. 
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MEASURE SPRINKLER 
SPACING (cont’d)

• Then check the spacing of sprinklers on 
the branch lines.

 

  
  
  
  
  
  
  
  
  
  
  

 
F. Then check the spacing of sprinklers on the branch lines. 
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MEASURE SPRINKLER 
SPACING (cont’d)

• Check the distance in the other direction 
(no more than half the spacing between 
branch lines).

 

  
  
  
  
  
  
  
  
  
  
  

 
G. Check the distance in the other direction (no more than half the spacing between 

branch lines). 
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MEASURE SPRINKLER 
SPACING (cont’d)

• Calculate the spacing.

As = (2 x 7 ft 6 in) x 12 ft 0 in

As = S x L
S = Greater of two times distance to wall or distance to next sprinkler

L = Greater of two times distance to wall or distance to next branchline

As = 15 ft x 12 ft
As = 180 ft2
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H. Calculate the spacing. 
 

1. S = Greater of two times distance to wall or distance to next sprinkler. 
 

2. L = Greater of two times distance to wall or distance to next branchline. 
 

As = S x L 
 

As = (2 x 7 ft 6 in) x 12 ft 0 in 
 

As = 15 ft x 12 ft 
 

As = 180 ft2 
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MEASURE SPRINKLER 
SPACING (cont’d)

• Check the spacing for the remainder of the 
remote area and then all of the sprinklers in 
the system.

 

  
  
  
  
  
  
  
  
  
  
  

 
I. Check the spacing for the remainder of the remote area and then all of the sprinklers 

in the system. 
 
 
VI. VERIFY NUMBER OF SPRINKLERS IN REMOTE AREA 
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VERIFY NUMBER OF 
SPRINKLERS IN REMOTE AREA

Task Tool

Identify the design hazard classification. NFPA 13 and Unit 2.

Identify the remote area and modifications. Density area chart.

Measure sprinkler spacing. Maximum sprinkler spacing chart.

Verify number of sprinklers in remote area. Formula: Demand area of coverage divided by sprinkler 
coverage.

Verify the size of the rectangular demand area. Formula: 1.2 times the square root of the demand area.

Determine number of sprinklers on branch line. Formula: Length of rectangle divided by sprinkler spacing.

Verify adequate density is being discharged. Formula: Sprinkler flow divided by area per sprinkler.

Verify flow from remote sprinkler. Formula: K-factor multiplied by square root of sprinkler 
pressure.

What is minimum flow demand for system? Formula: Density times remote area.
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Verify number of sprinklers in remote area using the formula of demand area of coverage 
divided by sprinkler coverage. 
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VERIFY NUMBER OF SPRINKLERS IN 
REMOTE AREA (cont’d)

• Density/Area curve 
method assumes that a 
given number of sprinklers 
will open in design area.

N = 
remote area

sprinkler area

 

  
  
  
  
  
  
  
  
  
  
  

 
A. Density/Area curve method assumes that a given number of sprinklers will open in 

the design area. 
 

N = remote area/sprinkler area 
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VERIFY NUMBER OF SPRINKLERS IN 
REMOTE AREA — EXAMPLE

• This structure is a single-story parking garage of concrete 
construction. 
‒ Occupancy classification: Ordinary Hazard, Group 1.
‒ Sprinkler coverage: 130 square feet (from chart).
‒ Most demanding area: 1,500 square feet at 0.15 density. 

Step B

Step C

Step D

 

  
  
  
  
  
  
  
  
  
  
  

 
B. Example: This structure is a single-story parking garage of concrete construction. 

 
1. Occupancy classification: Ordinary Hazard, Group 1. 

 
2. Sprinkler coverage: 130 square feet (from chart). 

 
3. Most demanding area: 1,500 square feet at 0.15 density. 
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VERIFY NUMBER OF SPRINKLERS IN 
REMOTE AREA — EXAMPLE (cont’d)

• Calculate the number of 
sprinklers in the design area.

N = 
remote area

sprinkler area

N = 
1,500 ft2

130 ft2

N = 11.54 sprinklers → 12 sprinklers 

 

  
  
  
  
  
  
  
  
  
  
  

 
C. Calculate the number of sprinklers in the design area. 

 
N = remote area/sprinkler area 

 
N = 1,500 ft2/130 ft2 

 
N = 1,500/130 = 11.54 or, after rounding up, 12 sprinklers to calculate. 

 
 
VII. VERIFY THE SIZE OF THE RECTANGULAR DEMAND AREA 
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VERIFY THE SIZE OF THE 
RECTANGULAR REMOTE AREA

Task Tool

Identify the design hazard classification. NFPA 13 and Unit 2.

Identify the remote area and modifications. Density area chart.

Measure sprinkler spacing. Maximum sprinkler spacing chart.

Verify number of sprinklers in remote area. Formula: Demand area of coverage divided by sprinkler 
coverage.

Verify the size of the rectangular demand area. Formula: 1.2 times the square root of the demand area.

Determine number of sprinklers on branch line. Formula: Length of rectangle divided by sprinkler spacing.

Verify adequate density is being discharged. Formula: Sprinkler flow divided by area per sprinkler.

Verify flow from remote sprinkler. Formula: K-factor multiplied by square root of sprinkler 
pressure.

What is minimum flow demand for system? Formula: Density times remote area.

 

  
  
  
  
  
  
  
  
  
  
  

 
Verify the size of the rectangular demand area using the formula of 1.2 times the square 
root of the demand area. 
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VERIFY THE SIZE OF THE 
RECTANGULAR REMOTE AREA (cont’d)
• Determine the shape of the design area.
• Design area must be rectangular or consist of 

rectangles.

 

  
  
  
  
  
  
  
  
  
  
  

 
A. Determine the shape of the design area. 

 
B. Design area must be rectangular or consist of rectangles. 

 
A rectangle is used because it is longer in the dimension parallel. We have to 
account for the branch lines and for the possibility that a fire could spread in this 
direction and open multiple sprinklers on a single branch line before opening 
sprinklers on other branch lines. 
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VERIFY THE SIZE OF THE 
RECTANGULAR REMOTE AREA (cont’d)
• Long leg of the rectangle must be a parallel 

branch line.
– 1.2 multiplied by the square root of the design area 

determines the long leg length.

L = 1.2 x A

Length of rectangle = 1.2 x remote area

 

  
  
  
  
  
  
  
  
  
  
  

 
C. Long leg of the rectangle must be parallel to the branch lines. 

 
1. 1.2 multiplied by the square root of the design area determines the long leg 

length. 
 

2. Length of rectangle = 1.2 x √remote area. 
 

NFPA 13 defines the remote area as rectangular, so more sprinklers are 
defined to be operating on a branch line which makes it more demanding. 
NFPA 13 looks at the worst-case scenario. 
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VERIFY THE SIZE OF THE 
RECTANGULAR REMOTE AREA (cont’d)
• Creates the most demanding area because more 

sprinklers will be calculated on a branch line.
• Provides a minimum number of sprinklers on 

branch line to be calculated.
– Calculation for the long side of the rectangle is not 

required to be shown on drawings.

 

  
  
  
  
  
  
  
  
  
  
  

 
3. This creates the most demanding area because more sprinklers will be 

calculated on a branch line. 
 

4. Provides a minimum number of sprinklers on a branch line to be calculated. 
 

Calculation for the long side of the rectangle is not required to be shown on 
drawings. 

 
 
VIII. DETERMINE NUMBER OF SPRINKLERS ON BRANCH LINE 
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DETERMINE NUMBER OF 
SPRINKLERS ON BRANCH LINE

Task Tool

Identify the design hazard classification. NFPA 13 and Unit 2.

Identify the remote area and modifications. Density area chart.

Measure sprinkler spacing. Maximum sprinkler spacing chart.

Verify number of sprinklers in remote area. Formula: Demand area of coverage divided by sprinkler 
coverage.

Verify the size of the rectangular demand area. Formula: 1.2 times the square root of the demand area.

Determine number of sprinklers on branch line. Formula: Length of rectangle divided by sprinkler spacing.

Verify adequate density is being discharged. Formula: Sprinkler flow divided by area per sprinkler.

Verify flow from remote sprinkler. Formula: K-factor multiplied by square root of sprinkler 
pressure.

What is minimum flow demand for system? Formula: Density times remote area.

 

  
  
  
  
  
  
  
  
  
  
  

 
A. Determine if the location of the initial sprinkler is accurate and determine spacing 

using the formula of length of rectangle divided by sprinkler spacing. 
 

B. When there are sprinklers above and below a drop ceiling, both are not added 
together because NFPA 13 states to consider sprinkler operation in only one of the 
protected areas. NFPA 13 states, “Water demand of sprinklers installed in 
concealed spaces shall not be required to be added to the ceiling demand” (NFPA, 
2019, section 27.2.4.7.4). (The Learning Square restaurant plans show sprinklers 
above and below an acoustical ceiling.) 
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DETERMINE NUMBER OF SPRINKLERS 
ON BRANCH LINE (cont’d)

• A continuation of the length of remote area 
calculation.

• Provides a minimum number of sprinklers on a 
branch line to be calculated.
– Calculation is not required to be shown on drawings.

N = 1.2 x 
A

S

 

  
  
  
  
  
  
  
  
  
  
  

 
1. A continuation of the length of remote area calculation. 

 
2. Provides a minimum number of sprinklers on branch line to be calculated. 

 
Calculation is not required to be shown on drawings. 

 
N = 1.2 x √A/S 
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What is the number of design sprinklers 
to be calculated per branch in the actual 
design area of 2,535 square feet with 
sprinklers spaced 10 feet on center on 
the pipe?
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DETERMINE NUMBER OF SPRINKLERS 
ON BRANCH LINE — EXAMPLE

 

  
  
  
  
  
  
  
  
  
  
  

 
3. All this information has been chosen by the designer. 

 
a. Coverage area of 120 square feet. 

 
b. Sprinkler is spaced 4 feet, 11 inches by 5 feet, 0 inches from the 

corner. 
 

c. Less than one-half the maximum spacing of branch line and pipe 
spacing. 
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ACTIVITY 6.2 
 

Determining the Minimum Length of Remote Area and the Minimum Number of 
Sprinklers in the Remote Area 

 
Purpose 
 
Practice determining the minimum length of remote area and the number of sprinklers 
appropriate in the remote area. 
 
 
Directions 
 
1. You will use a calculator for this activity. 
 
2. Given the remote areas listed, calculate the minimum length of remote area in feet. 
 
3. Calculate the minimum number of sprinklers required in the remote area. 
 
4. Responses should be rounded to whole numbers. 
 
5. The instructor will review the correct answers with the class after the answers have been 

graded and provided back. 
 
 

 

Remote 
area size 

Minimum 
length 

Area per 
sprinkler 

Number of 
sprinklers 
required 

1. 900  225  

2. 1,500  120  

3. 2,500  90  

4. 3,000  100  

5. 1,600  130  
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OPTIONAL (not graded): If you require additional practice, calculate the minimum length of 
remote area and the minimum number of sprinklers required in the remote area for the following: 
 
 

 

Remote 
area size 

Minimum 
length 

Area per 
sprinkler 

Number of 
sprinklers 
required 

6. 1,200  126  

7. 2,250  80  

8. 1,035  196  

9. 1,080  168  

10. 2,000  125  
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IX. VERIFY ADEQUATE DENSITY IS BEING DISCHARGED 
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VERIFY ADEQUATE DENSITY IS 
BEING DISCHARGED

Task Tool

Identify the design hazard classification. NFPA 13 and Unit 2.

Identify the remote area and modifications. Density area chart.

Measure sprinkler spacing. Maximum sprinkler spacing chart.

Verify number of sprinklers in remote area. Formula: Demand area of coverage divided by sprinkler 
coverage.

Verify the size of the rectangular demand area. Formula: 1.2 times the square root of the demand area.

Determine number of sprinklers on branch line. Formula: Length of rectangle divided by sprinkler spacing.

Verify adequate density is being discharged. Formula: Sprinkler flow divided by area per sprinkler.

Verify flow from remote sprinkler. Formula: K-factor multiplied by square root of sprinkler 
pressure.

What is minimum flow demand for system? Formula: Density times remote area.

 

  
  
  
  
  
  
  
  
  
  
  

 
Verify adequate density is being discharged using the formula of sprinkler flow divided by 
area per sprinkler. 
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VERIFY ADEQUATE DENSITY IS 
BEING DISCHARGED (cont’d)

• Check the sprinklers in the remote area to 
verify that adequate density is being 
delivered.
– Flow calculated.
– Area of sprinkler.

ρ = 
Q (flow)

A (area of coverage)

 

  
  
  
  
  
  
  
  
  
  
  

 
A. Check the sprinklers in the remote area to verify that adequate density is being 

delivered. 
 

1. Flow calculated. 
 

2. Area of sprinkler. 
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VERIFY ADEQUATE DENSITY IS 
BEING DISCHARGED (cont’d)

• Nothing to worry about! This equation is 
the same as before but rearranged!

ρ = 
Q (flow)

A (area of coverage) Q = ρ A

 

  
  
  
  
  
  
  
  
  
  
  

 
B. This equation is the same as before but rearranged. 

 
ρ = Q (flow)/A (area of coverage) 

 
Q = ρA 
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A sprinkler with a flow 
of 19.5 gpm with a 
coverage area of 130 
square feet would 
provide what density?
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X. VERIFY FLOW FROM REMOTE SPRINKLER 
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VERIFY FLOW FROM REMOTE 
SPRINKLER

Task Tool

Identify the design hazard classification. NFPA 13 and Unit 2.

Identify the remote area and modifications. Density area chart.

Measure sprinkler spacing. Maximum sprinkler spacing chart.

Verify number of sprinklers in remote area. Formula: Demand area of coverage divided by sprinkler 
coverage.

Verify the size of the rectangular demand area. Formula: 1.2 times the square root of the demand area.

Determine number of sprinklers on branch line. Formula: Length of rectangle divided by sprinkler spacing.

Verify adequate density is being discharged. Formula: Sprinkler flow divided by area per sprinkler.

Verify flow from remote sprinkler. Formula: K-factor multiplied by square root of sprinkler 
pressure.

What is minimum flow demand for system? Formula: Density times remote area.

 

  
  
  
  
  
  
  
  
  
  
  

 
Verify flow from a remote sprinkler using the formula of K-factor multiplied by square 
root of sprinkler pressure). 
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VERIFY FLOW FROM REMOTE 
SPRINKLER (cont’d)

• Check the most remote sprinkler to verify 
correct flow is being delivered.
– K-factor.
– Pressure.

• Remember: Q = K P where:
– Q = gpm.
– K = sprinkler K-factor.
– P = flowing pressure.

 

  
  
  
  
  
  
  
  
  
  
  

 
A. Check the most remote sprinkler to verify that the correct flow is being delivered. 

 
1. K-factor. 

 
2. Pressure. 

 
B. Remember that Q = K√P where: 

 
1. Q = gpm. 

 
2. K = sprinkler K-factor. 

 
3. P = flowing pressure. 
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WHAT IS MINIMUM FLOW 
DEMAND FOR SYSTEM?

Task Tool

Identify the design hazard classification. NFPA 13 and Unit 2.

Identify the remote area and modifications. Density area chart.

Measure sprinkler spacing. Maximum sprinkler spacing chart.

Verify number of sprinklers in remote area. Formula: Demand area of coverage divided by sprinkler 
coverage.

Verify the size of the rectangular demand area. Formula: 1.2 times the square root of the demand area.

Determine number of sprinklers on branch line. Formula: Length of rectangle divided by sprinkler spacing.

Verify adequate density is being discharged. Formula: Sprinkler flow divided by area per sprinkler.

Verify flow from remote sprinkler. Formula: K-factor multiplied by square root of sprinkler 
pressure.

What is minimum flow demand for system? Formula: Density times remote area.

 

  
  
  
  
  
  
  
  
  
  
  

 
What is the minimum flow demand for the system? Use the formula of density times remote 
area. 
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WHAT IS MINIMUM FLOW 
DEMAND FOR SYSTEM? (cont’d)
• What is the density for the remote area?
• What is the size of the remote area?

– This calculation is associated with how much 
water is needed for all of the sprinklers 
operating in the remote area at the same time.

– It is a minimum needed.

Total flow = density  x (remote area)

 

  
  
  
  
  
  
  
  
  
  
  

 
A. What is the density for the remote area? 

 
B. What is the size of the remote area? 

 
1. This calculation is associated with how much water is needed for all of the 

sprinklers operating in the remote area at the same time. 
 

2. It is a minimum needed. 
 

Total flow = (density) x (remote area) 
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WHAT IS MINIMUM FLOW DEMAND 
FOR SYSTEM? — EXAMPLE

• 0.20 gpm per square foot over 1,812 
square feet.

Total flow = density  x (remote area)

Total flow = 0.20  x (1,812)

Total flow = 362.4 gpm

 

  
  
  
  
  
  
  
  
  
  
  

 
C. 0.20 gpm per square foot over 1,812 square feet. 

 
Total flow = (density) x (remote area) 

 
Total flow = 0.20 x 1,812 

 
Total flow = 362.4 gpm 

 
 
XII. SUMMARY 
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SUMMARY
• Checking system design.
• Fire protection systems.
• Fire protection plans.
• Occupancy hazard classifications.
• Methods of design objectives.
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SUMMARY (cont’d)
• Basic methods of design.
• Steps for analyzing the remote area.

– Identify the design hazard classification.
– Identify the remote area and modifications.
– Measure sprinkler spacing.
– Verify number of sprinklers in remote area.
– Verify the size of the rectangular demand 

area.
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SUMMARY (cont’d)
– Determine number of sprinklers on branch 

line.
– Verify adequate density is being discharged.
– Verify flow from remote sprinkler.
– What is minimum flow demand for the 

system?
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APPENDIX 
 
 

SUPPLEMENTAL MATERIALS 
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Remote Area Modifications 
 
In addition to the remote area modifications allowed for wet pipe systems with quick-response 
sprinklers (QRSs) beneath low ceilings, there are other adjustments the code official may 
encounter. 
 
These adjustments are listed below, with examples on the following pages. 
 
1. Remote area increase. On dry pipe and double interlock systems, the remote area design 

from the density/area charts must be increased by 30%. 
 

This remote area increase is to account for the water application delay caused by the dry 
pipe design. When the sprinklers operate, incoming water pressure purges compressed air 
or nitrogen from the system so there will be an inherent delay in water application until the 
gas is expelled. Because no water is applied in those first few seconds or minutes, the delay 
may allow more sprinklers to open while the fire grows. The increased remote area results 
in more sprinklers being calculated to overcome this delay.  

 
2. Remote area increase. In non-storage occupancies having a ceiling slope more than 1:6 

(2 inches in 12 inches) using standard spray, extended coverage, quick response or 
large drop sprinklers, the remote area design from the density/area charts must be 
increased by 30%. (Storage occupancies having a ceiling slope more than 1:6 are outside 
the scope of National Fire Protection Association (NFPA) 13, Standard for the Installation 
of Sprinkler Systems, and should be evaluated through full-scale fire testing or supported 
by a technical report and opinion.) 

 
The required increase is because once a fire’s thermal plume reaches the ceiling and 
becomes a ceiling jet, the fire spread rate across the sloped ceiling is greater than a smooth, 
flat ceiling. The increased remote that potentially includes more operating sprinklers 
anticipates this rapid fire spread. 

 
3. Remote area decrease. In Extra Hazard occupancies using high temperature 

sprinklers (250 F to 350 F), the remote area design from the density/area charts may be 
reduced by 25% but to not less than 2,000 square feet. 

 
In this case, the design intent is to have fewer sprinklers open. While it may seem illogical 
to have fewer sprinklers open, experience has shown that under these design conditions, 
fewer operating sprinklers perform at higher operating pressures and are effective at 
controlling Extra Hazard occupancy fires. 

 
4. Compounding. The remote area adjustments may be compounded; that is, depending 

upon the situation and design, both the remote area increase and decrease may be 
employed. 
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Examples 
 
1. Remote area increase (dry pipe). An underground parking garage is proposed in a 

community where winter temperatures often are below freezing, so a dry pipe sprinkler 
system will be installed. The parking garage has a smooth, flat unobstructed ceiling. 

 
NFPA 13 classifies this as an Ordinary Hazard, Group 1 occupancy. The designer selects 
a density/area figure from the charts at 0.15 gallons per minute (gpm) over 1,500 square 
feet. 

 
Since it is a dry pipe system where delayed water application is expected, the 1,500 square 
foot remote area must be increased by 30%. 

 
1,500 ft2 x 0.30 = 450 ft2 increase 

1,500 ft2 + 450 ft2 = 1,950 ft2 
The adjusted design criteria is 0.15 gpm over 1,950 square feet. 

 
2. Remote area increase (sloped ceiling). The regional library is adding a new wing to 

increase its juvenile material collection, reading area and activity space. In order to take 
advantage of natural sunlight, the ceiling is glass and sloped 1:3 (1 inch in 3 inches).  

 
NFPA 13 classifies this as Light Hazard occupancy. The designer selects a density/area 
figure from the charts at 0.09 gpm over 2,000 square feet using QRSs (175 F). 

 
Since the ceiling slope is greater than 1:6, the remote area must be increased 30%. 

 
2,000 ft2 x 0.30 = 600 ft2 

2,000 ft2 + 600 ft2 = 2,600 ft2 
The adjusted design criteria is 0.09 gpm over 2,600 square feet. 

 
3. Remote area decrease (Extra Hazard) (Scenario 1). A local paint distributor wants to 

add onto its warehouse to accommodate Class IB flammable liquids in one-gallon cans 
stored on pallets not more than one pallet load high. The warehouse has a smooth, flat 
unobstructed ceiling. 

 
NFPA 13 classifies this as an Extra Hazard, Group 1 occupancy. The designer selects a 
density/area figure from the charts at 0.25 gpm over 3,600 square feet using high-
temperature (286 F) sprinklers. 

 
Since it is an Extra Hazard, Group 1 occupancy using high-temperature sprinklers, the 
remote area may be decreased by 25%. 

 
3,600 ft2 x 0.25 = 900 ft2 decrease 

3,600 ft2 – 900 ft2 = 2,700 ft2 
The adjusted design criteria is 0.25 gpm over 2,700 square feet. 
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4. (Extra Hazard) (Scenario 2). A local production plant wants to add space to store empty 
Class A plastic totes up 10 feet high. The room has a smooth, flat unobstructed ceiling. 

 
NFPA 13 classifies this as an Extra Hazard, Group 1 occupancy. The designer selects a 
density/area figure from the charts at 0.295 gpm over 2,650 square feet using high-
temperature (286 F) sprinklers. 

 
Since it is an Extra Hazard, Group 1 occupancy using high-temperature sprinklers, the 
designer proposes reducing the remote area by 25%. 

 
2,650 ft2 x 0.25 = 662.5 ft2 decrease 

2,650 ft2 – 662.5 ft2 = 1,987.5 ft2 

 
The designer proposes an adjusted design criteria is 0.25 gpm over 1,987.5 square feet. Is 
this design acceptable? No, according to the NFPA 13 density/area charts, Extra Hazard, 
Group 1 and 2 design areas must not be smaller than 2,500 square feet. 

 
The adjusted design criteria should be 0.25 gpm over 2,500 square feet. 

 
5. Compounded adjustments. A national trucking firm wants to build a specialized cold 

storage facility for handling extremely flammable liquids that must be refrigerated to 
prevent container failure. The 60-gallon containers are stored one container high in clusters 
of 12 with 8-foot aisles between the clusters. The warehouse has a smooth, flat 
unobstructed ceiling. 

 
The fire code official requires that this be protected as an Extra Hazard, Group 2 
occupancy. The designer selects a density/area figure from the charts at 0.355 gpm over 
3,600 square feet using high-temperature (286 F) sprinklers on a dry pipe sprinkler system. 

 
Step 1: Increase the remote area by 30% for the dry pipe system. 

3,600 ft2 x 0.30 = 1,080 ft2 increase 
3,600 ft2 + 1,080 ft2 = 4,680 ft2 

Step 2: Decrease the adjusted area by 25% for high-temperature sprinklers. 
4,680 ft2 x 0.25 = 1,170 ft2 decrease 

4,680 ft2 – 1,170 ft2 = 3,510 ft2 
 

The adjusted design criteria is 0.355 gpm over 3,510 square feet. 
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UNIT 7: 
EVALUATING SPRINKLER HYDRAULIC 

CALCULATIONS 
 
 
 

TERMINAL OBJECTIVE 
 
The students will be able to: 
 
7.1 Evaluate if the calculation inputs are accurate given a set of plans with hydraulic calculations. 
 
 

ENABLING OBJECTIVES 
 
The students will be able to: 
 
7.1 Conclude if minimum flow quantities from sprinkler outlets meet density requirements. 
 
7.2 Conclude if minimum sprinkler pressure is provided at most remote sprinkler. 
 
7.3 Distinguish the computer calculation’s flow path, as indicated by shop drawing nodes. 
 
7.4 Conclude if sprinkler piping diameter on plans matches diameter used in calculations. 
 
7.5 Conclude if C-value used in calculations matches piping characteristics. 
 
7.6 Conclude if elevation changes are incorporated into calculations. 
 
7.7 Conclude if fixed loss influences are included in calculations. 
 
7.8 Conclude if hose streams are incorporated into calculations in the appropriate location. 
 
7.9 Conclude if total pressure and flow for sprinkler system is less demanding than water supply provided. 
 
7.10 Compare and contrast system demand curve including safety margin with the water supply curve. 
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UNIT 7:
EVALUATING SPRINKLER 

HYDRAULIC CALCULATIONS
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TERMINAL OBJECTIVE
Evaluate if the calculation inputs are accurate 
given a set of plans with hydraulic 
calculations.
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ENABLING OBJECTIVES
• Conclude if minimum flow quantities from 

sprinkler outlets meet density 
requirements.

• Conclude if minimum sprinkler pressure is 
provided at most remote sprinkler.

• Distinguish the computer calculation’s flow 
path, as indicated by shop drawing nodes.
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ENABLING OBJECTIVES (cont’d)
• Conclude if sprinkler piping diameter on 

plans matches diameter used in 
calculations.

• Conclude if C-value used in calculations 
matches piping characteristics.

• Conclude if elevation changes are 
incorporated into calculations.

• Conclude if fixed loss influences are 
included in calculations.
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ENABLING OBJECTIVES (cont’d)
• Conclude if hose streams are incorporated 

into calculations in the appropriate location.
• Conclude if total pressure and flow for 

sprinkler system is less demanding than 
water supply provided.

• Compare and contrast system demand 
curve including safety margin with the 
water supply curve.
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BASIC STEP PROCESS OF 
CALCULATION REVIEW

Step Tool

1. Look for required information. Calculations and National Fire Protection 
Association (NFPA) 13, Standard for the 
Installation of Sprinkler Systems.

2. Verify hazard classifications. NFPA 13 and Unit 2: Hazards Classification.

3. Verify shape and dimensions of remote area. NFPA 13 and formulas.

4. Check all hydraulic reference points (nodes). Calculations and plans.

5. Validate sprinkler data. Calculations, plans and manufacturer’s 
product literature.

6. Verify pressure losses (Pe and Pf), including 
fixed loss devices.

Calculations and plans.

7. Verify hose stream. Calculations, NFPA 13 and Unit 3: Water 
Supplies and Delivery Systems.

8. Validate water supplies. Calculations, plans and water supply data 
information.
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STEP 1: LOOK FOR REQUIRED 
INFORMATION

Step Tool

1. Look for required information. Calculations and NFPA 13.

2. Verify hazard classifications. NFPA 13 and Unit 2.

3. Verify shape and dimensions of remote area. NFPA 13 and formulas.

4. Check all hydraulic reference points (nodes). Calculations and plans.

5. Validate sprinkler data. Calculations, plans and manufacturer’s 
product literature.

6. Verify pressure losses (Pe and Pf), including 
fixed loss devices.

Calculations and plans.

7. Verify hose stream. Calculations, NFPA 13 and Unit 3.

8. Validate water supplies. Calculations, plans and water supply data 
information.

 

  
  
  
  
  
  
  
  
  
  
  

 
Step 1: Look for required information using calculations and National Fire Protection 
Association (NFPA) 13, Standard for the Installation of Sprinkler Systems. 
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STEP 1: LOOK FOR REQUIRED 
INFORMATION (cont’d)

• Date, location, names of owner/occupants, 
building number.

• Description of hazard.
• Sprinkler contractor/designer name.
• Name of approving agency.

 

  
  
  
  
  
  
  
  
  
  
  

 
A. Date, location, names of owner/occupants, building number. 

 
B. Description of hazard. 

 
C. Sprinkler contractor/designer name. 

 
D. Name of approving agency. 
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STEP 1: LOOK FOR REQUIRED 
INFORMATION (cont’d)

• Sprinkler design requirements (density/ 
area/spacing per sprinkler).

• Total water demand for design.
• Special sprinkler application limitations.
• Water supply data.

 

  
  
  
  
  
  
  
  
  
  
  

 
E. Sprinkler design requirements (density/area/spacing per sprinkler). 

 
F. Total water demand for design. 

 
G. Special sprinkler application limitations. 

 
H. Water supply data. 
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STEP 1: LOOK FOR REQUIRED 
INFORMATION (cont’d)

Date, location, names 
of owner/occupants, 
building number.

Description of hazard..

Sprinkler contractor/ 
designer name.

 

  
  
  
  
  
  
  
  
  
  
  

 
I. On the slide is an example of a hydraulic calculation cover sheet that shows: 

 
1. Date, location, names of owner/occupants and building number. 

 
2. Description of a hazard. 

 
3. Sprinkler contractor/designer name. 
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STEP 1: LOOK FOR REQUIRED 
INFORMATION (cont’d)

Total water demand 
for design.

Water supply data.

Name of approving 
agency.

Sprinkler design 
requirements (density/ 
area/spacing per 
sprinkler.

 

  
  
  
  
  
  
  
  
  
  
  

 
J. On the slide is an example of a hydraulic calculation cover sheet that shows: 

 
1. Sprinkler design requirements (density/area/spacing per sprinkler). 

 
2. Total water demand for the design. 

 
3. Water supply data. 

 
4. Name of approving agency. 

 
 
II. VERIFY HAZARD CLASSIFICATIONS 
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STEP 2: VERIFY HAZARD 
CLASSIFICATIONS

Step Tool

1. Look for required information. Calculations and NFPA 13.

2. Verify hazard classifications. NFPA 13 and Unit 2.

3. Verify shape and dimensions of remote area. NFPA 13 and formulas.

4. Check all hydraulic reference points (nodes). Calculations and plans.

5. Validate sprinkler data. Calculations, plans and manufacturer’s 
product literature.

6. Verify pressure losses (Pe and Pf), including 
fixed loss devices.

Calculations and plans.

7. Verify hose stream. Calculations, NFPA 13 and Unit 3.

8. Validate water supplies. Calculations, plans and water supply data 
information.

 

  
  
  
  
  
  
  
  
  
  
  

 
Step 2: Verify hazard classifications using NFPA 13 and Unit 2: Hazard Classification. 
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STEP 2: VERIFY HAZARD 
CLASSIFICATION (cont’d)

Verify the occupancy is categorized correctly.

 

  
  
  
  
  
  
  
  
  
  
  

 
A. Verify the occupancy is categorized correctly. 
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STEP 2: VERIFY HAZARD 
CLASSIFICATION (cont’d)

Screenshot image courtesy of NFPA

 

  
  
  
  
  
  
  
  
  
  
  

 
1. One method of verifying the information is to check Annex A of NFPA 13 

for examples, but remember that not all hazards are listed in the annex (refer 
back to Unit 2).  

 
2. There are also differing degrees of each type of hazard, such as laboratories, 

high-piled storage and control areas. 
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IS THE HAZARD CORRECT?
Is the hazard correctly categorized?
• If yes, place a check mark near the number 

to indicate it was verified.
• If no, circle so an anomaly can be identified.

 

  
  
  
  
  
  
  
  
  
  
  

 
B. Is the hazard correctly categorized? 

 
1. If yes, place a check mark near the number to indicate it was verified. 

 
2. If no, circle so an anomaly can be identified. 

 
3. Simple check marks can serve as a useful tool to keep track of the review 

progress when dealing with distractions such as telephone calls, emails, 
customer visits and other interruptions. 
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DENSITY
• Did the designer 

identify the 
density 
correctly?

• Is it consistent 
between the 
calculations and 
the plans?

 

  
  
  
  
  
  
  
  
  
  
  

 
C. Density. 

 
1. Did the designer identify the density correctly? 

 
2. Is it consistent between the calculations and the plans? 
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DENSITY CHART
Did the designer identify the density correctly?

 

  
  
  
  
  
  
  
  
  
  
  

 
D. Density chart. 

 
Did the designer identify the density correctly? 

 

Slide 7-18

IS THE DENSITY CORRECT?
Does density correspond 
with the density stated on 
the calculation and plan?
• If yes, place a check 

mark near the number 
to indicate it was 
verified.

• If no, circle so an anomaly 
can be identified.

 

  
  
  
  
  
  
  
  
  
  
  

 
E. Is the density correct? 

 
Does the density correspond with the density stated on the calculation cover sheet 
and plan? 

 
1. If yes, place a check mark near the number to indicate it was verified. 

 
2. If no, circle so an anomaly can be identified. 
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IS THE REMOTE AREA SIZE 
CORRECT?

Does the area correspond with the stated 
density on the calculation and plan?

 

  
  
  
  
  
  
  
  
  
  
  

 
F. Is the remote area size correct? 

 
Does the area correspond with the stated density on the calculation and plan? 
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IS THE REMOTE AREA SIZE 
CORRECT? (cont’d)

• If yes, place a check mark near the number 
to indicate it was verified.

• If no, circle so an anomaly can be identified.

 

  
  
  
  
  
  
  
  
  
  
  

 
1. If yes, place a check mark near the number to indicate it was verified. 

 
2. If no, circle so an anomaly can be identified. 
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IS THERE A QUICK-RESPONSE 
SPRINKLER ADJUSTMENT?

• Does the arrangement qualify?
– Wet pipe system.
– Light or Ordinary Hazard.
– Twenty-foot ceiling height maximum.
– No unprotected ceiling pockets greater than 

32 square feet.

 

  
  
  
  
  
  
  
  
  
  
  

 
G. Is there a quick-response sprinkler (QRS) adjustment? 

 
Does the arrangement qualify? 

 
1. Wet pipe system. 

 
2. Light or Ordinary Hazard. 

 
3. Twenty-foot ceiling height maximum. 

 
4. No unprotected ceiling pockets greater than 32 square feet. 
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IS THERE A QUICK-RESPONSE 
SPRINKLER ADJUSTMENT? (cont’d)

• y = −3x
2  + 55

• y = −3 (14 ft)
2  + 55

• y = −42
2  + 55

• y = −21 + 55

• y = 34% reduction

Graph courtesy of NFPA

 

  
  
  
  
  
  
  
  
  
  
  

 

y = 
–3x
2

 + 55 
 

y = 
–3 (14 ft)

2
 + 55 

 



EVALUATING SPRINKLER HYDRAULIC CALCULATIONS 

SM 7-13 

y = 
–42
2

 + 55 
 

y = –21 + 55 
 

y = 34% reduction 
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IS THERE A QUICK-RESPONSE 
SPRINKLER ADJUSTMENT? (cont’d)

• 1,500 ft2 x 34
100  = 510 ft2 reduction

• 1,500 ft2 − 510 ft2 = 990 ft2

• Adjusted remote area = 990 ft2

 

  
  
  
  
  
  
  
  
  
  
  

 

1,500 ft2 x 
34
100

 = 510 ft2 reduction 
 

1,500 ft2 – 510 ft2 = 990 ft2 
 

Adjusted remote area = 990 ft2 
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IS THERE A QUICK-RESPONSE 
SPRINKLER ADJUSTMENT? (cont’d)
• Did the calculation 

match the specified 
remote area stated on 
the plan?
– If yes, place a check 

mark near the number to 
indicate it was verified.

– If no, circle so an anomaly 
can be identified.

 

  
  
  
  
  
  
  
  
  
  
  

 
H. Did the calculation match the specified remote area stated on the plan? 

 
1. If yes, place a check mark near the number to indicate it was verified. 

 
2. If no, circle so an anomaly can be identified. 
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III. VERIFY SHAPE AND DIMENSIONS OF REMOTE AREA 
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STEP 3: VERIFY SHAPE AND 
DIMENSIONS OF REMOTE AREA

Step Tool

1. Look for required information. Calculations and NFPA 13.

2. Verify hazard classifications. NFPA 13 and Unit 2.

3. Verify shape and dimensions of remote area. NFPA 13 and formulas.

4. Check all hydraulic reference points (nodes). Calculations and plans.

5. Validate sprinkler data. Calculations, plans and manufacturer’s 
product literature.

6. Verify pressure losses (Pe and Pf), including 
fixed loss devices.

Calculations and plans.

7. Verify hose stream. Calculations, NFPA 13 and Unit 3.

8. Validate water supplies. Calculations, plans and water supply data 
information.

 

  
  
  
  
  
  
  
  
  
  
  

 
Step 3: Verify shape and dimensions of remote areas using NFPA 13 and formulas. 
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STEP 3: VERIFY SHAPE AND 
DIMENSIONS OF REMOTE AREA (cont’d)

• Calculate the longest minimum length of the 
remote area for the restaurant.
– Length of rectangle = 1.2 x remote area

– Length of rectangle = 1.2 x 990

– Length of rectangle = 1.2 x 31.46

– Length of rectangle = 37.75 ft

 

  
  
  
  
  
  
  
  
  
  
  

 
A. Calculate the longest minimum length of the remote area for the restaurant. 

 
Length of rectangle = 1.2 x √remote area 

 
Length of rectangle = 1.2 x √990 

 
Length of rectangle = 1.2 x 31.46 

 
Length of rectangle = 37.75 ft 
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STEP 3: VERIFY SHAPE AND 
DIMENSIONS OF REMOTE AREA (cont’d)

• Using the scale, what is the distance measured 
on the drawing?
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STEP 3: VERIFY SHAPE AND 
DIMENSIONS OF REMOTE AREA (cont’d)

• The square footage of the remote area needs to 
be verified. How should this be measured?

 

  
  
  
  
  
  
  
  
  
  
  

 
B. The square footage of the remote area needs to be verified. How should this be 

measured? 
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STEP 3: VERIFY SHAPE AND 
DIMENSIONS OF REMOTE AREA (cont’d)

• One manner is to measure a large box minus the 
small nook.

Length

W
id

th

Length times 
width minus 
small nook 

area

 

  
  
  
  
  
  
  
  
  
  
  

 
C. One manner is to measure a large box minus the small nook. 



EVALUATING SPRINKLER HYDRAULIC CALCULATIONS 

SM 7-16 

Slide 7-30

STEP 3: VERIFY SHAPE AND 
DIMENSIONS OF REMOTE AREA (cont’d)

• The other way is to measure two separate boxes 
and add them together.

Box 1

Box 2

 

  
  
  
  
  
  
  
  
  
  
  

 
D. The other way is to measure two separate boxes and add them together. 
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STEP 3: VERIFY SHAPE AND 
DIMENSIONS OF REMOTE AREA (cont’d)

• Using a scale tool, measure the area of the 
remote area. What is the square footage?

 

  
  
  
  
  
  
  
  
  
  
  

 
E. Using a scale tool, measure the area of the remote area. What is the square footage? 

Note: The remote area measurements are not always on the plans, and the plans 
reviewer may have to measure the area themselves. 
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STEP 3: VERIFY SHAPE AND 
DIMENSIONS OF REMOTE AREA (cont’d)

• Establish the minimum number of sprinklers in 
the design area.
– Use the most demanding area to calculate the number 

of sprinklers needed.

Number of sprinklers = Remote area
Square footage per sprinkler

S x L = (AS)

 

  
  
  
  
  
  
  
  
  
  
  

 
F. Establish the minimum number of sprinklers in the design area. 

 
Use the most demanding area to calculate the number of sprinklers needed. 

 

Number of sprinklers = 
Remote area

Square footage per sprinkler
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STEP 3: VERIFY SHAPE AND 
DIMENSIONS OF REMOTE AREA (cont’d)

• The minimum number of sprinklers in the design 
area is:

– Number of sprinklers = Remote area
Square footage per sprinkler

– Number of sprinklers = 1,070 (actual design area)
155

– Number of sprinklers = 6.9 sprinklers,  ∴ → 7 sprinklers

 

  
  
  
  
  
  
  
  
  
  
  

 
G. The minimum number of sprinklers in the design area is: 

 

Number of sprinklers = 
Remote area

Square footage per sprinkler
 

 

Number of sprinklers = 
1,070 (actual design area)

155
 

 
Number of sprinklers = 6.9 sprinklers, ∴ → 7 sprinklers 

 
Note: The symbol ∴ signifies “therefore.” 
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STEP 3: VERIFY SHAPE AND 
DIMENSIONS OF REMOTE AREA (cont’d)

• How many sprinklers are calculated in the 
remote area?
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STEP 3: VERIFY SHAPE AND 
DIMENSIONS OF REMOTE AREA (cont’d)

• Calculate the minimum number of sprinklers on a 
branch line in the remote area.
– A secondary manner to verify the rectangular shape of 

the design area.

Number of sprinklers on branch line = 
1.2 x remote area

S

 

  
  
  
  
  
  
  
  
  
  
  

 
H. Calculate the minimum number of sprinklers on a branch line in the remote area. 

 
1. A secondary manner to verify the rectangular shape of the design area. 

 

Number of sprinklers on branch line = 
1.2 x √remote area

S
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STEP 3: VERIFY SHAPE AND 
DIMENSIONS OF REMOTE AREA (cont’d)

– In this example, nonuniform distances 
between sprinklers are used by the designer.

 

  
  
  
  
  
  
  
  
  
  
  

 
2. In this example, the designer uses nonuniform distances between sprinklers. 
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STEP 3: VERIFY SHAPE AND 
DIMENSIONS OF REMOTE AREA (cont’d)

– In a perfectly uniform design, distance is 
easily determined.

– Nonuniform designs require additional work.

As = S x L

155 ft2 = S x 14.92 ft

S =
155 ft2

14.92 ft

S = 10.38 ft or 10 ft − 5 in

 

  
  
  
  
  
  
  
  
  
  
  

 
3. In a perfectly uniform design, distance is easily determined. 

 
4. Nonuniform designs require additional work. 

 
As = S x L 

 
a. S: larger of twice the distance to the wall/obstruction or distance to 

next sprinkler on branch line. 
 

b. L: larger of twice the distance to the wall/obstruction or spacing 
between branch lines. 

 
155 ft2 = S x 14.92 ft 
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S = 
155 ft2

14.92 ft
 

 
S = 10.38 ft or 10 ft, 5 in 
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STEP 3: VERIFY SHAPE AND 
DIMENSIONS OF REMOTE AREA (cont’d)

• Calculating the minimum number of sprinklers on 
a branch line in the remote area.

– Number of sprinklers on branch line = 1.2 x remote area
S

– Number of sprinklers on branch line = 
1.2 x 1,070

10.38

– Number of sprinklers on branch line = 3.78, ∴ → 4

 

  
  
  
  
  
  
  
  
  
  
  

 
I. Calculating the minimum number of sprinklers on a branch line in the remote area. 

 

Number of sprinklers on branch line = 
1.2 x √remote area

S
 

 

Number of sprinklers on branch line = 
1.2 x √1,070

10.38
 

 
Number of sprinklers on branch line = 3.78, ∴ → 4 

 
Check if there are at least four sprinklers on the branch line. 
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STEP 3: VERIFY SHAPE AND 
DIMENSIONS OF REMOTE AREA (cont’d)

• Verify the number of sprinklers on a branch line 
in the remote area.

 

  
  
  
  
  
  
  
  
  
  
  

 
  



EVALUATING SPRINKLER HYDRAULIC CALCULATIONS 

SM 7-21 

J. Verify the number of sprinklers on a branch line in the remote area. 
 

1. Note that there are eight sprinklers on the branch line with four serving 
below the acoustical ceiling tile (ACT) and four for the combustible 
concealed space. 

 
2. Both are not added together because NFPA 13 states to consider sprinkler 

operation in only one of the protected areas. NFPA 13 states, “Water 
demand of sprinklers installed in concealed spaces shall not be required to 
be added to the ceiling demand” (NFPA, 2019, section 27.2.4.7.4). 

 
 
IV. CHECK ALL HYDRAULIC REFERENCE POINTS 
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Step Tool

1. Look for required information. Calculations and NFPA 13.

2. Verify hazard classifications. NFPA 13 and Unit 2.

3. Verify shape and dimensions of remote area. NFPA 13 and formulas.

4. Check all hydraulic reference points (nodes). Calculations and plans.

5. Validate sprinkler data. Calculations, plans and manufacturer’s 
product literature.

6. Verify pressure losses (Pe and Pf), including 
fixed loss devices.

Calculations and plans.

7. Verify hose stream. Calculations, NFPA 13 and Unit 3.

8. Validate water supplies. Calculations, plans and water supply data 
information.

STEP 4: CHECK ALL HYDRAULIC 
REFERENCE POINTS

 

  
  
  
  
  
  
  
  
  
  
  

 
Step 4: Check all hydraulic reference points (nodes) using calculations and plans. 
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STEP 4: CHECK ALL HYDRAULIC 
REFERENCE POINTS (cont’d)

• Points in the water flow critical path will be 
identified by “nodes.”

• Creates a “roadmap” for the computer to 
see.

• If the nodes are incorrectly located, then 
the computer program will provide incorrect 
results.

 

  
  
  
  
  
  
  
  
  
  
  

 
A. Points in the water flow critical path will be identified by “nodes.” 
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B. This creates a “roadmap” for the computer to see. 
 

C. If the nodes are incorrectly located, then the computer program will provide 
incorrect results. 

 

Slide 7-42

STEP 4: CHECK ALL HYDRAULIC 
REFERENCE POINTS (cont’d)

• Nodes represent points where the water 
flow calculation is affected:
– Sprinklers.
– Elbows.
– Tees.
– Fittings.
– Valves.
– Directional changes.

 

  
  
  
  
  
  
  
  
  
  
  

 
D. Nodes represent points where the water flow calculation is affected: 

 
1. Sprinklers. 

 
2. Elbows. 

 
3. Tees. 

 
4. Fittings. 

 
5. Valves. 

 
6. Directional changes. 
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STEP 4: CHECK ALL HYDRAULIC 
REFERENCE POINTS (cont’d)
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E. The slide shows a hexagonal shape with distinctive nomenclature. This is an 
example of nodes. Note that there is no node identifying the tee elbow in the branch 
line. If its friction loss influence is shown in the calculations between the sprinkler 
and the branch line, it does not need to be identified. 
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STEP 4: CHECK ALL HYDRAULIC 
REFERENCE POINTS (cont’d)

Sprinkler or 
“nozzle”

Pressure total • Pressure friction
• Pressure elevation
• Pressure velocity

 

  
  
  
  
  
  
  
  
  
  
  

 
F. Check the calculations. 

 
1. Sprinkler (nozzle). 

 
2. Pressure total. 

 
3. Pressure friction. 

 
4. Pressure elevation. 

 
5. Pressure velocity. 
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STEP 4: CHECK ALL HYDRAULIC 
REFERENCE POINTS (cont’d)

QA design flow rate • Pipe length
• Fittings
• Total length

• QT total flow in 
gallons per 
minute (gpm)

• Maximum 
velocity 
(feet/second)

 

  
  
  
  
  
  
  
  
  
  
  

 
6. QA design flow rate. 
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7. QT total flow in gallons per minute (gpm). 
 

8. Maximum velocity (feet per second). 
 

9. Pipe length. 
 

10. Fittings. 
 

11. Total length. 
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STEP 4: CHECK ALL HYDRAULIC 
REFERENCE POINTS (cont’d)

Elevations
• Diameter
• “C” factor
• Loss per foot

 

  
  
  
  
  
  
  
  
  
  
  

 
12. Elevations. 

 
13. Diameter. 

 
14. “C” factor. 

 
15. Loss per foot. 
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STEP 4: CHECK ALL HYDRAULIC 
REFERENCE POINTS (cont’d)

• Plans and 
calculations 
must 
correspond.

 

  
  
  
  
  
  
  
  
  
  
  

 
G. Plans and calculations must correspond. 
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STEP 4: CHECK ALL HYDRAULIC 
REFERENCE POINTS (cont’d)

• Check all the way to the source.

 

  
  
  
  
  
  
  
  
  
  
  

 
H. Check all the way to the source. 

 
 
V. VALIDATE SPRINKLER DATA 
 

Slide 7-49

STEP 5: VALIDATE SPRINKLER 
DATA

Step Tool

1. Look for required information. Calculations and NFPA 13.

2. Verify hazard classifications. NFPA 13 and Unit 2.

3. Verify shape and dimensions of remote area. NFPA 13 and formulas.

4. Check all hydraulic reference points (nodes). Calculations and plans.

5. Validate sprinkler data. Calculations, plans and manufacturer’s 
product literature.

6. Verify pressure losses (Pe and Pf), including 
fixed loss devices.

Calculations and plans.

7. Verify hose stream. Calculations, NFPA 13 and Unit 3.

8. Validate water supplies. Calculations, plans and water supply data 
information.

 

  
  
  
  
  
  
  
  
  
  
  

 
Step 5: Validate sprinkler data using calculations, plans, manufacturer’s product literature 
and Validating Sprinkler Data in Appendix: Supplemental Materials of this unit. Note: 
Steps 5 through 8 are iterative for evaluating the sprinkler pressures and flows in the remote 
area. 
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STEP 5: VALIDATE SPRINKLER 
DATA (cont’d)

• First step is to locate the sprinkler node 
analysis table in the calculations.

 

  
  
  
  
  
  
  
  
  
  
  

 
A. The first step is to locate the sprinkler node analysis table in the calculations. 
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STEP 5: VALIDATE SPRINKLER 
DATA (cont’d)

• Next is to transfer the 
sprinkler flows onto the 
plans to evaluate the 
flows.

Photo courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
B. The next step is to transfer the sprinkler flows onto the plans to evaluate the flows. 

 
A common best practice is highlighting the remote area box as shown on the slide. 
This helps to distinguish the remote area on the plan. 
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STEP 5: VALIDATE SPRINKLER 
DATA (cont’d)

• Write flows adjacent to corresponding node.

 

  
  
  
  
  
  
  
  
  
  
  

 
C. Write flows adjacent to the corresponding node. 
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STEP 5: VALIDATE SPRINKLER 
DATA (cont’d)

• Next, verify adequate flow for the required 
density at sprinkler node 101.
– Q = ρ A

– ρ = Q
A

– ρ = 15.5 gpm
155 ft2

– ρ = 0.1 gpm
ft2

Rearrange the 
equation.

Node 101 
discharges 15.5 
gpm, and the 
stated maximum 
coverage is 155 ft2.

 

  
  
  
  
  
  
  
  
  
  
  

 
D. Next, verify adequate flow for the required density at sprinkler node 101. 

 
Q = ρ A 

 

ρ = 
Q
A

 
 

ρ = 
15.5 gpm

155 ft2  
 

ρ = 0.1 
gpm
ft2  

 
Since the sprinkler with the lowest flow meets the minimum density, then all other 
sprinklers have sufficient flow. 
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STEP 5: VALIDATE SPRINKLER 
DATA (cont’d)

• Next, verify starting pressure of sprinkler 
node 101.
– Q = K P 

– P = Q
K

2

– P = 15.5
5.30

2

– P = 8.5

 

  
  
  
  
  
  
  
  
  
  
  

 
E. Next, verify the starting pressure of sprinkler node 101. 

 
Q = K √P 

 
Q 2

P = � �  
K

 
15.5 2

P = � �  
5.30

 
P = 8.5 
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STEP 5: VALIDATE SPRINKLER 
DATA (cont’d)

• Is conflicting K-factor data indicated between 
the shop drawings and the calculation?

 

  
  
  
  
  
  
  
  
  
  
  

 
F. Is conflicting K-factor data indicated between the shop drawings and the 

calculation? 
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STEP 5: VALIDATE SPRINKLER 
DATA (cont’d)

• The equivalent “K” 
is calculated so the 
designer does not 
have to calculate 
every drop on the 
branch line in the 
demand area.

K = 5.6

K = 5.30

 

  
  
  
  
  
  
  
  
  
  
  

 
G. The equivalent “K” is calculated so the designer does not have to calculate every 

drop on the branch line in the demand area. 
 

To save the designer time, instead of inputing multiple armovers’ computer nodes 
into the hydraulic calculation, a single K-factor can be chosen based upon the 
diameter of pipe, length of pipe, and the number and types of fittings for that 
specific location in the piping. The sprinkler does not change its K-factor, but the 
theory is applied back to the outlet in the piping based on the flow and pressure at 
the sprinkler. 
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STEP 5: VALIDATE SPRINKLER 
DATA (cont’d)

• To calculate an equivalent K-factor:
– Calculate the starting pressure for the 

sprinkler with the standard “K.”
-- Q = K P

-- P = Q
K

2

-- P = 15.5
5.6

2

-- P = 7.66 pounds per square inch (psi)

 

  
  
  
  
  
  
  
  
  
  
  

 
H. To calculate an equivalent K-factor: 

 
1. Calculate the starting pressure for the sprinkler with the standard “K.” 

 
Q = K √P 

 
Q 2

P = � �  
K
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15.5 2

P = � �  
5.6

 
P = 7.66 pounds per square inch (psi) 
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STEP 5: VALIDATE SPRINKLER 
DATA (cont’d)

– Use the Hazen-Williams equation to calculate 
the friction loss in the piping.
-- p = 

4.52 (Q1.85)
(C1.85) (d4.87)

-- p = 
4.52  (15.51.85)

(1201.85) (1.0874.87)

-- p = 0.081 psi/ft

 

  
  
  
  
  
  
  
  
  
  
  

 
2. Use the Hazen-Williams equation to calculate the friction loss in the piping. 

 

p = 
(4.52)(Q1.85)
(C1.85)(d4.87)

 

 

p = 
(4.52)(15.51.85)

(1201.85)(1.0874.87)
 

 
p = 0.081 psi/ft 
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STEP 5: VALIDATE SPRINKLER 
DATA (cont’d)

– Account for length of piping.

1 “T” fitting 5’

1 elbow fitting 2’

Length of drop 3.83

Total length of 
piping 10.83’

Friction loss = p x total length
Friction loss = 0.081 psi/ft x 10.83 ft

Friction loss = 0.87 psi

 

  
  
  
  
  
  
  
  
  
  
  

 
3. Account for the length of the piping. 
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STEP 5: VALIDATE SPRINKLER 
DATA (cont’d)

– Add the additional pressure to the original 
start pressure.

7.66 psi starting pressure
+     0.87 psi (calculated friction loss)
=     8.53 psi

 

  
  
  
  
  
  
  
  
  
  
  

 
4. Add the additional pressure to the original start pressure. 

 
7.66 psi (starting pressure) 

+ 0.87 psi (calculated friction loss) 
= 8.53 psi 
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STEP 5: VALIDATE SPRINKLER 
DATA (cont’d)

– Use the new pressure to calculate a new K-
factor.
-- Q = K P

-- K = Q
P

-- K = 15.5
8.6

-- K = 5.30

 

  
  
  
  
  
  
  
  
  
  
  

 
5. Use the new pressure to calculate a new K-factor. 

 
Q = K √P 

 

K = 
Q

√P
 

 

K = 
15.5
√8.6

 

 
K = 5.30 

 
This K-factor will now be used throughout the entire calculation process. 
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STEP 5: VALIDATE SPRINKLER 
DATA (cont’d)

– Calculations will provide a miniature 
calculation to show the adjustment.

 

  
  
  
  
  
  
  
  
  
  
  

 
6. Calculations will provide a miniature calculation to show the adjustment. 
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Are the K-factors 
correct?
• If yes, place a 

check mark near 
the number to 
indicate it was 
verified.

• If no, circle so an anomaly can be identified.

VERIFYING EQUIVALENT “K” 
CHANGE

 

  
  
  
  
  
  
  
  
  
  
  

 
7. Verifying equivalent “K” change. 

 
Are the K-factors correct? 

 
a. If yes, place a check mark near the number to indicate it was 

verified. 
 

b. If no, circle so an anomaly can be identified. 
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VI. VERIFY PRESSURE LOSSES 
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STEP 6: VERIFY PRESSURE 
LOSSES

Step Tool

1. Look for required information. Calculations and NFPA 13.

2. Verify hazard classifications. NFPA 13 and Unit 2.

3. Verify shape and dimensions of remote area. NFPA 13 and formulas.

4. Check all hydraulic reference points (nodes). Calculations and plans.

5. Validate sprinkler data. Calculations, plans and manufacturer’s 
product literature.

6. Verify pressure losses (Pe and Pf), including 
fixed loss devices.

Calculations and plans.

7. Verify hose stream. Calculations, NFPA 13 and Unit 3.

8. Validate water supplies. Calculations, plans and water supply data 
information.

 

  
  
  
  
  
  
  
  
  
  
  

 
A. Step 6: Verify pressure losses using calculations and plans. 
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• Start at the beginning of the calculation.
• Verification of data input.

WALKING THE CALCULATION

 

  
  
  
  
  
  
  
  
  
  
  

 
1. Walking the calculation. 

 
a. Start at the beginning of the calculation. 

 
b. Verification of data input. 
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WALKING THE CALCULATION 
(cont’d)

• Place a check with the information already 
verified.

Do nodes 101 and 
102 interconnect 
on the plans?

Are nodes 101 
and 102 at 17 feet 
Above Finished 
Floor (AFF)?

Is this the 
correct pipe 
diameter and 
C value?

Is this the pipe 
length and 
fittings?

 

  
  
  
  
  
  
  
  
  
  
  

 
c. Place a check with the information already verified. 
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WALKING THE CALCULATION 
(cont’d)

• Although two sprinklers are shown for 
coverage purposes, only one is calculated 
as operating per NFPA 13.

 

  
  
  
  
  
  
  
  
  
  
  

 
d. Although two sprinklers are shown for coverage purposes, only one 

is calculated as operating per NFPA 13. 
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WALKING THE CALCULATION 
(cont’d)

• Do nodes 101 and 102 interconnect on the 
plans?
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WALKING THE CALCULATION 
(cont’d)

• Are nodes 101 and 102 at 17 feet AFF?
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WALKING THE CALCULATION 
(cont’d)

• Is this the correct pipe diameter and C-
value?
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PIPE DIAMETERS
• Pipe diameters are different than the 

common verbiage (i.e., 1-inch piping is not 
1 inch in diameter).

• There are internal diameters and external 
diameters.

• The “schedule” of piping refers to the 
thickness of the piping wall.

 

  
  
  
  
  
  
  
  
  
  
  

 
2. Pipe diameters. 

 
a. Pipe diameters are different than the common verbiage (i.e., 1-inch 

piping is not 1 inch in diameter). 
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b. There are internal diameters and external diameters. 
 

c. The “schedule” of piping refers to the thickness of the piping wall. 
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PIPE DIAMETERS (cont’d)
• The larger the schedule, the greater the 

thickness of the piping wall.
• External diameters stay the same.

Photo courtesy of Keith Heckler  

  
  
  
  
  
  
  
  
  
  
  

 
d. The larger the schedule, the greater the thickness of the piping wall. 

 
e. External diameters stay the same. 
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PIPE DIAMETERS (cont’d)
• Refer back to manufacturer’s information.

Outside diameter (OD) − wall 
thickness = Internal diameter (ID)

OD − wall thickness = ID

1.315 − 2  x 0.133 = ID

1.049 = ID

 

  
  
  
  
  
  
  
  
  
  
  

 
f. Refer back to manufacturer’s information. 

 
Outside diameter (OD) – wall thickness = Internal diameter (ID) 

 
OD – wall thickness = ID 

 
1.315 – (2) x 0.133 = ID 

 
1.049 = ID 
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PIPE DIAMETERS (cont’d)
• Use the nominal pipe size chart.

Image courtesy of Ivan Humberson

Nominal Pipe Size
Pipe Type Actual Internal Diameter / (Fitting Equivalent Length Multiplier)

¾” 1” 1¼” 1 ½” 2” 2½” 3” 4” 6”
Sched. 40 - 1.049 1.380 1.610 2.067 2.469 3.068 4.026 6.065
Sched. 10 1.097

(1.24)
1.442
(1.24)

1.682
(1.24)

2.157
(1.23)

2.635
(1.37)

3.260
(1.34)

4.260
(1.32)

6.357
(1.26)

XL / 
BLT(galv.)

1.104
(1.28)

1.452
(1.28)

1.687
(1.26)

2.154
(1.22)

2.581
(1.24)

3.200
(1.23)

Super Flo 1.197
(1.90)

1.542
(1.72)

1.752
(1.51)

2.227
(1.44)

2.727
(1.62)

3.352
(1.54)

4.352
(1.46)

DynaFlow 1.191
(1.86)

1.536
(1.69)

1.728
(1.64)

2.203
(1.36)

2.703
(1.55)

3.314
(1.46)

4.310
(1.39)

Dynathread 1.080
(1.15)

1.408
(1.10)

1.639
(1.09)

2.104
(1.09)

Wheatland 
MegaThread

1.087
(1.19)

1.416
(1.13)

1.650
(1.13)

2.117
(1.12)

Wheatland 
WLS

1.087
(1.19)

1.426
(1.17)

1.650
(1.13)

2.125
(1.14)

Wheatland 
MLT & GL

1.103
(1.28)

1.448
(1.26)

1.688
(1.26)

2.153
(1.22)

Wheatland 
MegaFlow

1.530
(1.65)

1.740
(1.46)

2.215
(1.40)

2.707
(1.57)

3.316
(1.46)

4.316
(1.40)

6.395
(1.29)

Wheatland 
WST

0.920
(1.71)

1.185
(1.81)

1.530
(1.65)

1.770
(1.59)

2.245
(1.50)

Eddylite 
(BMT)

1.093
(1.22)

1.438
(1.22)

1.672
(1.20)

2.147
(1.20)

K copper 0.745
(0.61)

0.995
(0.77)

1.245
(0.61)

1.481
(0.67)

1.959
(0.77)

2.435
(0.93)

2.907
(0.77)

3.857
(0.81)

5.741
(0.77)

L copper 0.785
(0.79)

1.025
(0.89)

1.265
(0.65)

1.505
(0.72)

1.985
(0.82)

2.465
(0.99)

2.945
(0.82)

3.905
(0.86)

5.845
(0.84)

M copper 0.811
(0.93)

1.055
(1.03)

1.291
(0.72)

1.527
(0.77)

2.009
(0.87)

2.495
(1.05)

2.981
(0.87)

3.935
(0.89)

5.881
(0.86)

CPVC 0.874 1.101 1.394 1.598 2.003 2.423 2.952  

  
  
  
  
  
  
  
  
  
  
  

 
g. Use the nominal pipe size chart. 
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C-VALUES
• Measurement of the internal roughness of 

piping.
• Larger number 

equates to a 
smoother 
finish.

Screenshot image courtesy of NFPA

 

  
  
  
  
  
  
  
  
  
  
  

 
3. C-values. 

 
a. Measurement of the internal roughness of piping. 

 
b. Larger number equates to a smoother finish (for both internal and 

external piping). 
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WALKING THE CALCULATION 
(cont’d)

• Is this the correct pipe length?
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EQUIVALENT PIPE LENGTH
• When a change in the direction of the 

water occurs, the energy loss is measured 
by an equivalent straight length of pipe.

• Manufacturers of pipe, fittings and 
accessories will provide cut sheets with 
specific equivalent pipe lengths for the 
fittings they manufacture.

 

  
  
  
  
  
  
  
  
  
  
  

 
4. Equivalent pipe length. 

 
a. When a change in the direction of the water occurs, the energy loss 

is measured by an equivalent straight length of a pipe. 
 

b. Manufacturers of pipe, fittings and accessories will provide cut 
sheets with specific equivalent pipe lengths for the fittings they 
manufacture. 
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EQUIVALENT PIPE LENGTH 
(cont’d)

Screenshot images courtesy of NFPA

 

  
  
  
  
  
  
  
  
  
  
  

 
c. On the slide is a chart directly from NFPA 13 and part of Appendix 

B: Fire Protection Ready Reference of the Student Manual (SM) 
showing the equivalent lengths of pipe associated with the type of 
fitting. 
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EQUIVALENT PIPE LENGTH 
(cont’d)

• Calculations list the values used.

 

  
  
  
  
  
  
  
  
  
  
  

 
d. Calculations list the values used. 

 
- The calculation has a database included that is printed after 

the calculation summary. This is how the computer reads the 
fittings that are inserted into the calculation. The values 
inserted must be checked to verify they are correct. 
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WALKING THE CALCULATION 
(cont’d)

• Place a check to show completion.
– Remember, we are not calculating the system, 

just verifying inputs.
– Let the computer do the work.

 

  
  
  
  
  
  
  
  
  
  
  

 
5. Place a check to show completion. 
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WALKING THE CALCULATION 
(cont’d)

• Place check marks at the nodes and show 
the water flow direction.

15.5

 

  
  
  
  
  
  
  
  
  
  
  

 
a. Place check marks at the nodes and show the water flow direction. 

 
b. The negative number for Q (gpm) indicates the direction of the water 

flow (right to left). 
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WALKING THE CALCULATION 
(cont’d)

• Repeat for the next entry.

Do nodes 102 and 
103 interconnect 
on the plans?

Are nodes 102 
and 103 at 17 
feet AFF?

Is this the 
correct pipe 
diameter and 
C-value?

Is this the 
pipe length 
and fittings?

What is this 
number and 
where did it 
come from?

 

  
  
  
  
  
  
  
  
  
  
  

 
c. Repeat for the next entry (see the slide). 
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WALKING THE CALCULATION 
(cont’d)

• Place checks at the next set of nodes and 
show the water flow direction.

15.5
31.6

 

  
  
  
  
  
  
  
  
  
  
  

 
d. Place checks at the next set of nodes and show the water flow 

direction. 
 

- The K-factor is 0.0 because there is no water discharge. The 
C-value is directly from NFPA 13. 
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FIXED LOSS VERIFICATION
• Some devices installed will consume a 

defined friction loss.

Backflow 
preventer 
nodes

Defined loss

System flow

 

  
  
  
  
  
  
  
  
  
  
  

 
B. Fixed loss verification. 
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FIXED LOSS VERIFICATION 
(cont’d)

 

  
  
  
  
  
  
  
  
  
  
  

 
C. The fixed pressure loss for this backflow preventer is predicated upon the flow that 

the system is calculated to be demanding.  
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VII. VERIFY HOSE STREAM 
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STEP 7: VERIFY HOSE STREAM

Step Tool

1. Look for required information. Calculations and NFPA 13.

2. Verify hazard classifications. NFPA 13 and Unit 2.

3. Verify shape and dimensions of remote area. NFPA 13 and formulas.

4. Check all hydraulic reference points (nodes). Calculations and plans.

5. Validate sprinkler data. Calculations, plans and manufacturer’s 
product literature.

6. Verify pressure losses (Pe and Pf), including 
fixed loss devices.

Calculations and plans.

7. Verify hose stream. Calculations, NFPA 13 and Unit 3.

8. Validate water supplies. Calculations, plans and water supply data 
information.

 

  
  
  
  
  
  
  
  
  
  
  

 
Step 7: Verify hose stream using calculations, NFPA 13 and Unit 3: Water Supplies and 
Delivery Systems. 
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STEP 7: VERIFY HOSE STREAM 
(cont’d)

Occupancy Inside hose
(gpm)

Combined hose
(gpm)

Duration
(minutes)

Light 0, 50, 100 100 30

Ordinary — Supervised 0, 50, 100 250 60

Ordinary — Unsupervised 0, 50, 100 250 90

Extra — Supervised 0, 50, 100 500 90

Extra — Unsupervised 0, 50, 100 500 120

 

  
  
  
  
  
  
  
  
  
  
  

 
A. Note that the chart on the slide was first introduced in Unit 3 when calculating the 

total amount of water needed when using a tank or other stored water supply. 
 

B. The information in this chart can also be used to verify if the amount of hose streams 
is accounted for in the calculation for fire department operations when the sprinkler 
system is also operating at the same time. The point where the water is added into 
the calculation is always at the point where the fire department will have the water 
discharge. 
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STEP 7: VERIFY HOSE STREAM 
(cont’d)

 

  
  
  
  
  
  
  
  
  
  
  

 
C. Hose stream demand is added into the calculation on the coversheet. Below the 

hose stream demand entry confirms that the hose stream was added to the sprinkler 
demand. 

 
 
VIII. VALIDATE WATER SUPPLIES 
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STEP 8: VALIDATE WATER 
SUPPLIES

Step Tool

1. Look for required information. Calculations and NFPA 13.

2. Verify hazard classifications. NFPA 13 and Unit 2.

3. Verify shape and dimensions of remote area. NFPA 13 and formulas.

4. Check all hydraulic reference points (nodes). Calculations and plans.

5. Validate sprinkler data. Calculations, plans and manufacturer’s 
product literature.

6. Verify pressure losses (Pe and Pf), including 
fixed loss devices.

Calculations and plans.

7. Verify hose stream. Calculations, NFPA 13 and Unit 3.

8. Validate water supplies. Calculations, plans and water supply data 
information.

 

  
  
  
  
  
  
  
  
  
  
  

 
Step 8: Validate water supplies using calculations, plans and water supply data information. 
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STEP 8: VALIDATE WATER 
SUPPLIES (cont’d)

• Is it current?
• Is it correct?
• Does it consider 

seasonal and diurnal 
demand?

• Have there been 
system alterations?

Photos courtesy of Keith Heckler

 

  
  
  
  
  
  
  
  
  
  
  

 
A. Is it current? 

 
B. Is it correct? 

 
C. Does it consider seasonal and diurnal demand? 

 
D. Have there been system alterations? 
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STEP 8: VALIDATE WATER 
SUPPLIES (cont’d)

• Is the data on the shop drawings the same 
inserted into the computer program?

 

  
  
  
  
  
  
  
  
  
  
  

 
E. Is the data on the shop drawings the same inserted into the computer program? It is 

critically important to match this value when the flow test is conducted. 
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STEP 8: VALIDATE WATER 
SUPPLIES (cont’d)

Static: 70 psi
Flow: 0 gpm

Residual: 20 psi
Flow: 1,000 gpm
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STEP 8: VALIDATE WATER 
SUPPLIES (cont’d)

• Has a safety margin been provided?
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ACTIVITY 7.1 
 

Formula Exercise 
 
Purpose 
 
Use formulas to verify the remote area arrangement based on a set of sprinkler plans and 
associated hydraulic calculations. 
 
 
Directions 
 
1. Use The Learning Square plans and the equations used in this unit. 
 
2. Determine if the remote area 1 in Retail Shell space is adequately designed. 
 
3. Calculated answers should be rounded to two decimal points. 
 

a. Density over area (height adjustment). 
 
  
 
  
 
  

 
b. Length of rectangle. 

 
  
 
  
 
  

 
c. Minimum number of sprinklers in remote area. 
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d. Minimum number of sprinklers on branch line. 
 
  
 
  
 
  

 
e. Verify density. 

 
  
 
  
 
  

 
f. Verify starting pressure. 

 
  
 
  
 
  

 
g. Verify minimum amount of water required. 

 
  
 
  
 
  

 
4. The instructor will review the correct answers with the class at the end of the activity. 
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ACTIVITY 7.2 
 

Hydraulic Calculations 
 
Purpose 
 
Verify that the calculation inputs used in a given set of calculations are in compliance with 
recognized standards and that sprinkler systems design calculations are accurate. 
 
 
Directions 
 
1. Use The Learning Square plans and the hydraulic calculations for remote area 1 used in 

this unit. 
 
2. Review the calculations while following the information shown on the plans. Determine 

if the input data for the hydraulic calculations for remote area 1 in Retail Shell space is 
correct. 

 
3. If found, incorrect calculation entries must be identified by circling, squaring or another 

manner for indicating that an anomaly has occurred. 
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ACTIVITY 7.2 (cont’d) 
 

Hydraulic Calculations for Remote Area 1 
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ACTIVITY 7.3 
 

Reviewing Calculations for Plans 
 
Purpose 
 
Evaluate the calculations on the provided plans. 
 
 
Directions 
 
1. You will use The Learning Square plans, equations used in this unit and the hydraulic 

calculations for this activity. 
 
2. Determine if remote areas 2 and 3 are adequately designed. 
 
3. Calculated answers should be rounded to two decimal points. 
 
4. Determine if the hydraulic calculations for remote areas 2 and 3 are correct. 
 

a. Remote area 2. 
 

- Start with remote area calculations. 
 

- Two-tenths gpm over 1,500 square feet. 
 
  
 
  
 
  
 

- Measure remote area. 
 
  
 
  
 
  
 

- Calculate the longest minimum length of the remote area for the 
restaurant. 
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- Length along branch lines is not possible without crossing over into Retail 
Shell Space. This is permitted because of one-hour fire rated occupancy 
separation. This creates the largest room rule. 
 
-- The minimum number of sprinklers in design area is: 
 
  
 
  
 
  
 

- Next, verify adequate flow for the required density. 
 
  
 
  
 
  
 

- Next, verify starting pressure. 
 
  
 
  
 
  
 

- What is minimum total flow for design? 
 
  
 
  
 
  
 

b. Remote area 3: You should have written the sprinkler flows at the nodes. You 
should be able to provide check marks at important data inputs on the calculations 
and draw the flows between the node points all the way to the water supply test. 

 
- Start with remote area calculations. 

 
- Two-tenths gpm per single line. 

 
  



EVALUATING SPRINKLER HYDRAULIC CALCULATIONS 

SM 7-61 

- Measure the remote area. 
 
  
 
  
 
  
 

- Calculate the longest minimum length of the remote area for the 
restaurant. 
 
  
 
  
 
  
 

- Next, verify adequate flow for the required density. 
 
  
 
  
 
  
 

- Next, verify starting pressure. 
 
  
 
  
 
  
 

- What is minimum total flow for design? 
 
  
 
  
 
  
 

5. The instructor will review the correct answers with the class at the end of the activity. 
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IX. SUMMARY 
 

Slide 7-97

SUMMARY
• Detailed review of basic step process.
• Verifying equivalent “K” change.
• Hydraulic calculations.
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APPENDIX 
 
 

SUPPLEMENTAL MATERIALS 
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Validating Sprinkler Data 
 
Validating sprinkler data is one of the steps (Step 5) in the basic step process for calculation review. 
To validate sprinkler data, use calculations, provided plans and manufacturer’s product literature. 
 
1. Locate the sprinkler node analysis table in the calculations. 
 
2. Transfer the sprinkler flows onto the plans to evaluate the flows. 
 
3. Write flows adjacent to corresponding node. 
 
4. Verify adequate flow for the required density at sprinkler node 101. 
 

Q = ρ A 
 

Q
ρ =  

A
 
5. Verify starting pressure of sprinkler node 101. 
 

Q = K √P 
 

Q 2

P = � �  
K

 
6. To calculate an equivalent K-factor, calculate the starting pressure for the sprinkler with 

the standard “K.” The equivalent “K” is calculated so the designer does not have to 
calculate every drop on the branch line in the demand area. 

 
Q = K √P 

 
Q 2

P = � �  
K

 
7. Use the Hazen-Williams equation to calculate the friction loss in the piping. 
 

(4.52) (Q1.85)
p = 

(C1.85) (d4.87  
)

 
8. Make sure to account for length of piping. 
 
9. Add the additional pressure to the original start pressure (starting pressure + calculated 

friction loss). 
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10. Use the new pressure to calculate a new K-factor. 
 

Q = K √P 
 

K = 
Q

√P
 

 
11. Calculations will provide a miniature calculation to show the adjustment. 
 
12. Verify equivalent “K” change. If K-factors are correct, place a check mark near the number 

to indicate you have verified the number. If K-factors are incorrect, circle to mark the 
anomaly. 
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APPENDIX A 
 
 

REMOTE AREA CHECKLIST 
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REMOTE AREA CHECKLIST 
 

Preliminary   Date  
Resubmittal   Permit/File No.  
Final   Reviewer  
 
PROJECT  
 
Building/Tenant Space  
Address  
Fire Protection 
Contractor 

 

NFPA Hazard Class(es)  Light   OH 1  OH 2   EH1   EH2  Other  
Plan Date  Sheets  through  
 
NOTE: This form is a guide. Always refer to the latest legally adopted version of the codes 
and standards in your jurisdiction. 
 
1. Yes  No  N/A  Is the submittal package adequate to review the plans? 
 

FREQUENTLY USED FIRE PROTECTION INFORMATION* 
 
K = Fire sprinkler orifice constant 
Q = Flow (gallons per minute) 
p = Pounds per square inch 
v = Velocity in feet per second 
d = Diameter in inches 
Cn = Nozzle coefficient 
C = Friction loss coefficient (roughness) 
Qa = Available flow 
Qt = Test flow 
Ht = Pressure drop during test 
Ha = Pressure drop to assumed residual 

 
1 US gallon = 231 cu. in. 
1 US gallon = 0.1337 cu. ft. 
1 cubic foot = 7.481 gallons 
Water weight = 8.33 lbs/gallon 
 
 
Fire pumps shall furnish 150% 
of rated capacity at not less than 
65% of rated head. Shut-off head 
shall not exceed 120% of rated 
head. 
 

 
Head in ft. = 2.31 p 
p = (head in feet) x .433 
 
 
 
1” = 0.08’ 
2” = 0.17’ 
3” = 0.25’ 
4” = 0.33’ 
5” = 0.42’ 
6” = 0.50’ 

 
7” = 0.58’ 
8” = 0.67’ 
9” = 0.75’ 
10” = 0.83’ 
11” = 0.92’ 
12” = 1’ 
 

*Always use abbreviations and symbol legends provided in the submittal. 
 
NOTES/COMMENTS 
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2. Yes  No  N/A  Using the NFPA 13 density/area curves, or special 
rulings, are the density and design area acceptable? 

       Density ________ gpm/ft2    Design area _________ ft2 
3. Yes  No  N/A  Is the area of sprinkler coverage (As) accurate? 
        

As = S x L 
 

Where S = Larger of twice the distance to a wall/ 
obstruction or next sprinkler on same 
branch line. 

 L = Larger of twice the distance to a wall/ 
obstruction or distance between branch 
lines. 

 

 LIGHT HAZARD ORDINARY HAZARD EXTRA HAZARD 

Construction type Protection 
area ft2 

Spacing 
(max) ft2 

Protection 
area ft2 

Spacing 
(max) ft2 

Protection 
area ft2 

Spacing 
(max) 

ft2 
Noncombustible 
obstructed and 
unobstructed 

225 15 

130 15 

100 
Hydraulically 

calculated 
with density 

≥0.25 
 
 

130 
Hydraulically 

calculated 
with density 

<0.25 

12 
 
 
 
 
 
 

15 

Combustible 
unobstructed with 
exposed member 3 
ft or more on center 

225 15 

Combustible 
obstructed with 
exposed member 3 
ft or more on center 

168 15 

Combustible 
obstructed or 
unobstructed with 
exposed members 
less than 3 ft on 
center 

130 15 

Combustible 
concealed space 
under pitched roof 
having combustible 
wood joist or wood 
truss construction 
with members less 
than 3 ft on center 
with slopes having 
a pitch of 4 in 12 or 
greater 

120 

15 
parallel to the 

slope 
10 

perpendicular 
to the slope 
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4. 

 

Yes 

 

 

 

No 

 

 

 

N/A 

 

 

 

Can the design area be reduced on a percentage basis in 
Light or Ordinary occupancy with quick response wet 
pipe sprinklers? 

 
-3X

Y= � �+ 55 
2

 

Where X = Ceiling Height (≥ 10 ft and ≤ 20 ft) 
 Y = % reduction 

5. Yes  No  N/A  For dry pipe, sloped ceilings or Extra Hazard 
ONLY, has the remote area been adjusted? 

systems 

6. 
 

Yes 
 

 
 

No 
 

 
 

N/A 
 

 
 

Is the number of sprinklers in the design correct? 
Design area/Area per sprinkler = n 

7. 
 

Yes 
 

 
 

No 
 

 
 

N/A 
 

 
 

Is the longest dimension* of the design area (A) correct? 
 

 1.2 x √A = ______ ft2
 

*Dimension parallel to branch lines. 
8. 
 

Yes 
 

 
 

No 
 

 
 

N/A 
 

 
 

Is the number of sprinklers per branch line 

√Remote Area
1.2 x = n 

S
 

Where S = distance between sprinklers on 

correct? 

a branch line. 
9. 

 

Yes 

 

 

 

No 

 

 

 

N/A 

 

 

 

What is the flow in gallons per minute from the most 
remote sprinkler? 
 

Q = K√P 
 

Where Q = flow in gpm 
 K = sprinkler K-factor 
 P = flowing pressure 

10. 

 

Yes 

 

 

 

No 

 

 

 

N/A 

 

 

 

Conversely, is the pressure adequate to supply the flow? 
 

Q 2P = � �   
K

 

Where P = flowing pressure 
 Q = flow in gpm 
 K = sprinkler K-factor 

11. 

 

Yes 

 

 

 

No 

 

 

 

N/A 

 

 

 

Does the flow from the most remote sprinkler provide the 
needed density? 

Q
= ρ 

A
 

Where Q = quantity 
 A = design area 

ρ = gpm per sprinkler 
12. 
 

Yes 
 

 
 

No 
 

 
 

N/A 
 

 
 

Are correct pipe internal diameters shown? 
See Pipe Legends next page. 
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13. Yes  No  N/A  Has the flow in gpm per foot from the most remote node 
to the next upstream node been shown using the Hazen-
Williams formula? 

        p = 4.52 Q1.85

C1.85 d4.87 
Where p = psi 
 Q = flow in gpm 
 C = friction loss co-efficient of roughness 
 d = actual inside pipe diameter 

14. Yes  No  N/A  Has the flow in gpm per foot from subsequent nodes 
upstream node been shown using the Hazen-Williams 
formula? 

15. Yes  No  N/A  Where elevation changes occur, has the friction loss been 
added to the calculations? 

       p = e * 0.433 
 
Where p = pressure loss due to elevation 
 e = elevation difference in feet from one node to 

another 
16. Yes  No  N/A  Have elbows, fittings, tees, reducers and other features 

that affect water flow been addressed? 
       See Equivalent Pipe Length Chart next page. 
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17. Yes  No  N/A  Have all nodes been documented from the most remote 
point to the water supply effective point? 

 
ADDITIONAL CONSIDERATIONS 
 
18. Yes  No  N/A  Are all obvious sprinkler obstructions identified and noted 

for correction? 
19. Yes  No  N/A  Is the sprinkler riser location approved? 

20. Yes  No  N/A  Is the fire department connection location approved? 

21. Yes  No  N/A  Are the fire department connection size and fittings 
approved? 

22. Yes  No  N/A  Are the main drain and inspector’s test discharge location 
approved? 

23. Yes  No  N/A  Are the types and locations of sprinkler hangers approved? 

24. Yes  No  N/A  Where provided, are the types and locations of seismic 
bracing approved? 

25. Yes  No  N/A  Is the sprinkler system monitored at an approved location? 

26.  Yes  No  N/A  Are all control valves supervised? 

27. Yes  No  N/A  Are spare sprinklers and sprinkler wrench shown in an 
approved location? 

28. Yes  No  N/A  Are hydraulic calculation placards and general design 
information signs shown in approved locations? 

 
ADDITIONAL NOTES/CORRECTIONS 
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GLOSSARY/ACRONYMS 
 

Note: This glossary and acronym list was provided for this course. Always refer to legally 
adopted codes and standards for the definitions and glossary terms published in them. 
 
User’s Guide: Some terms are identified with their common terms (“fire-resistive assembly”) or 
arranged with key words first (“assembly, fire-resistive”). You are encouraged to check all 
iterations. 

 
Above Finished Floor 
(AFF) 

 The vertical distance between an object (e.g., sprinkler deflector, 
ceiling tile, roof member, etc.) and the finished floor below. 

   
Above Finished Grade 
(AFG) 

 The vertical distance between an object (e.g., sprinkler deflector, 
ceiling tile, roof member, etc.) and the finished ground below 
(e.g., sidewalk, berm, planting, landscaped area). 

   
accelerator  A quick-opening device installed on a dry pipe sprinkler system. 

The accelerator transfers air under pressure from the sprinkler 
system pipe to the dry pipe valve to speed its operation. 

   
active fire protection 
system(s) 

 Fire protection equipment and devices designed, installed and 
maintained to function in the event of an emergency to detect, 
report, confine, control or suppress a fire, including, but not 
limited to, automatic sprinkler systems, automatic and manual 
fire detection and alarm systems, specialty fire suppression 
systems, and smoke management/smoke control. See passive 
fire protection features. 

   
addressable  When used in conjunction with fire alarm systems, describes a 

method for installing programmable initiating devices so an 
alarm will correspond with the specific location and/or device 
(e.g., “Smoke detector Number 3, third-floor custodian’s 
closet”). 

   
aerosol  A product that is dispensed from an aerosol container by a 

propellant. 
   

aerosol, Level 1  Generally low hazard employing water-based product and mildly 
or nonflammable propellant. 

   
aerosol, Level 2  Moderate hazard with flammable (usually alcohol-based) 

product and flammable propellant. 
   

aerosol, Level 3  High hazard with petroleum-based product and propellant. 
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alarm check valve  The main water control valve on a wet pipe sprinkler system 
consisting of a pivoted “clapper” that swings open when water 
flows through an open sprinkler or drain. Contains connections 
for a retarding chamber and pressure gauges. 

   
alarm verification  A feature of automatic fire detection and alarm systems intended 

to reduce unwanted, inadvertent or false alarms. When products 
of combustion are detected, the alarm system delays reporting 
for a given period of time until a second detector operates or the 
system confirms products of combustion are in a smoke detector 
sensing chamber. 

   
Alternate Methods and 
Materials (AM&M) 

 In building construction and fire protection system design, an 
applicant-proposed design or product that may not meet the 
prescriptive code requirements but can be approved by the code 
official as being of equivalent strength, fire resistance, or 
performance and public safety. 

   
American National 
Standards Institute 
(ANSI) 

 A professional association that evaluates design and 
performance standards for consistency and integrity. 

   
American Society of 
Mechanical Engineers 
(ASME) 

 A professional organization that develops consensus standards, 
especially for fired and unfired pressure vessels such as boilers, 
liquefied and compressed gas storage vessels, and 
appurtenances. 

   
American Water Works 
Association (AWWA) 

 A professional organization that develops consensus standards 
for the storage, transmission and distribution of water supplies, 
especially for public potable networks where health and safety 
are paramount. 

   
annunciator  An electronic device containing lamps or light-emitting diodes, 

graphic displays, and/or alphanumeric characters to provide fire 
alarm status information, usually at a location remote from the 
main fire alarm control panel. 

   
approved  Acceptable to the code enforcement official or authority having 

jurisdiction. 
   
appurtenances  In fire protection systems, features that are added or connected 

to the main system. For example, appurtenances to an 
underground water main system include fire hydrants, valves and 
hose houses. 
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area of refuge  An area where people unable to use stairways can remain 
temporarily to await instructions or assistance during emergency 
evacuation. These areas usually are separated from the rest of the 
building by fire-resistive construction and have two-way 
communication to a central location in the building, such as a fire 
alarm control panel. 

   
armover  In a fire sprinkler system, a horizontal pipe that extends from the 

branch line to a single sprinkler or a sprinkler above and below 
a ceiling. 

   
array (storage)  In storage occupancies, the method in which the commodity (see 

commodity) is being stored. Storage arrays may include the 
following: 

   
automated 
storage 

 Carousels, computer-controlled robotics, vertical lift modules 
and unit load stackers. 

   
palletized  Products stored on wood, metal, plastic or other pallets. 

   
rack   Typically 4-by-8-foot storage surfaces supported by a metal 

structure (e.g., “big box” home improvement retail stores). 
Racks can be single row, double row, multiple row, flow 
through, moveable, portable, open shelf, closed shelf and more. 

   
shelf  Storage on shelves up to 15 feet in height. Shelves differ from 

racks in that they are less than 30 inches deep and not more than 
36 inches apart vertically. 

   
solid pile  Self-supporting material in solid piles with narrow aisles for 

product movement and slowing fire spread. 
   
assembly, fire-resistive   A combination of equipment, structural and architectural 

elements designed, constructed and maintained to resist fire and 
heat. Examples include fire walls, fire doors, fire dampers, 
floor/ceiling assemblies, roof/ceiling assemblies, fire barriers 
and fire partitions. 

   
ASTM  A professional organization that develops consensus standards. 

Noted for developing replicable fire testing standards such as 
those for measuring fire resistance or flame spread. 

   
atrium  As defined in the building codes, a large, open vertical space 

among two or more adjacent floors that share the same 
atmosphere. Commonly found in hotels, offices and multistory 
covered shopping malls. 
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authority having 
jurisdiction (AHJ) 

 In National Fire Protection Association codes and standards, a 
term used to identify the person or agency responsible for making 
project decisions regarding life safety and fire protection. It may 
include the fire chief, fire marshal, building official, electrical 
inspector, insurance inspection bureau, property owner or 
designee. Normally in code enforcement, the authority having 
jurisdiction is the building or fire official. 

   
automatic  As applied to fire protection devices, equipment and systems, it 

is a feature that provides the emergency functions without the 
necessity of human interventions and is activated as a result of a 
response to temperature increase, rate of temperature increase or 
products of combustion. 

   
balance  In hydraulic design, a pipe-sizing method to enhance the 

likelihood that a similar amount of water is discharging from 
each sprinkler. 

   
base-of-riser  The point on the sprinkler system riser (see system riser) where 

the incoming water supply transitions from horizontal to vertical. 
The base-of-riser is an important reference point for 
hydraulically calculated and pipe-scheduled systems. 

   
bracing  See seismic bracing. 
   
branch line  In a fire sprinkler system, the pipes supplying sprinklers, either 

directly or through sprigs, drops, return bends or armovers. 
   
building  Any structure used or intended for supporting or sheltering any 

use or occupancy. 
   
building, high-rise  A building having occupied floors located more than 75 feet 

above the lowest level of fire department vehicle access. 
   
building, low-rise  Used in reference to evaluating structural stability. An enclosed 

or partially enclosed building in which the mean roof height is 
less than or equal to 60 feet and does not exceed the building’s 
smaller horizontal dimension. 
 
Thus, a structure that measures 60 feet by 30 feet with a 30-foot 
high roof would qualify as a low-rise building. 
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building, windowless  A structure that measures at least 1,500 square feet and is not 
provided with doors or windows for ventilation or rescue, sized 
and spaced in accordance with the building code. Generally, 
openings must be at least 30 inches wide, have 20 square feet of 
net clearance, be openable from the outside, and be located not 
more than 75 feet from the opposite wall. 

   
bulk main  In a fire sprinkler system, the pipes supplying cross mains, either 

directly or through risers. Also known as a “feed main.” 
   
buoyancy  The physical characteristic of a heated fluid or gas to rise, such as 

smoke rising from above flames. 
   
C-value  From Hazen-Williams friction loss formulas, C-value is a co-

efficient of roughness for the inside of the water-carrying pipe or 
tube. 

   
chase  An enclosed space extending horizontally through one story of a 

building, connecting openings on the same floor, or floors and 
ceiling space. See shaft. 

   
churn  A condition in which a stationary fire pump is rotating (running) 

but is not discharging water. This condition may result in the fire 
pump overheating. 

   
clapper  Slang term for the portion of a check valve that pivots on a stem 

to prevent water from flowing through an orifice. Commonly 
found in fire department connections and fire sprinkler alarm 
check valves. 

   
clean agent  Electrically nonconducting, volatile or gaseous fire extinguishing 

agent that leaves no residue when it evaporates. 
   
cockloft  A shallow space, usually without draft stops or other fire barriers, 

between the ceiling of the top floor of a building and the underside 
of the roof deck. In older construction, a cockloft may span 
several occupancies and may be separated by fire partitions. 

   
combination fire/smoke 
damper 

 A listed device installed in ducts and air transfer openings 
designed to close automatically upon the detection of heat and 
also to resist the passage of air and smoke. The device is installed 
to operate automatically, is controlled by a smoke-detection 
system, and, where required, is capable of being positioned from 
a remote command station. 
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combination systems  Generally refers to combined sprinkler and standpipe systems. 
Combination systems are automatic sprinkler systems with 
standpipe hose outlets. Depending upon the application, the hose 
outlets might be Class 1 for fire department use or Class 2 for 
occupant use. (This second application is called “small hose 
connections” in the sprinkler installation standards. They are 
employed mostly in warehouse and storage applications.) 

   
combustible liquid  A liquid that has a flashpoint of 100 F (37.8 C) or more under 

controlled laboratory test conditions. 
   
commodity  Combination of products, packing material and container holding 

the product, including conventional wood or steel pallets. 
   
compartmentalization 
(passive) 

 One of the oldest and most fundamental principles of fire 
protection. Buildings are segregated, or broken up, into multiple 
fire/smoke compartments and separated from adjacent fire/smoke 
compartments by fire-resistive construction that also is intended 
to restrict smoke migration. 

   
compound gauge  A compound gauge is a pressure gauge that displays both negative 

and positive gauge pressure measurements. 
   
conduction  Transfer of heat within solids or between solids in contact with 

each other. 
   
construction, obstructed 
or unobstructed 

 See obstructed construction and unobstructed construction. 

   
controller, fire pump  Electrical equipment arranged to manually or automatically start 

(and sometimes stop) a station fire pump assembly. Automatic 
starting usually is accomplished through the installation of a 
pressure-sensing switch that responds to a pressure decrease on 
the fire protection system that the pump supplies. 

   
convection  Transfer of heat energy by the movement of heated liquids or 

gases. 
   
cross main  In a fire sprinkler system, the pipes supplying the branch lines, 

either directly or through riser nipples. 
   
cross-zoning  Usually installed to control specialty system-releasing devices, an 

arrangement of automatic detectors installed so that two or more 
devices must operate before the agent is released. The first 
detector to operate will sound an alarm; when the second device 
operates, the fire suppression agent will discharge. 
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deflagration  Propagation of a combustion zone at a velocity that is less than 
the speed of sound in an unrestricted medium. 

   
deluge sprinkler system  A sprinkler system employing open sprinklers that are attached to 

a water supply through a valve that is opened by the operation of 
a detection system installed in the same area as the sprinklers. 

   
demand  Water consumption values over a specified time period. These 

demand values generally consider industrial, recreational and 
residential uses, but may not consider fire flow. 

   
demand, diurnal  Daily (24 hour) water consumption values. These demand values 

generally consider industrial, recreational and residential uses, 
but not fire flow. Normally measured in millions of gallons per 
hour or millions of gallons per day. 

   
demand, 
hydraulic 

 In water-based fire protection systems, the amount of water at a 
calculated volume and pressure needed to control or suppress a 
fire. 

   
demand, peak  Highest water consumption over a specific time period. 

   
demand, seasonal  Water consumption values influenced by weather conditions such 

as drought. 
   
density  In hydraulic fire sprinkler design, the amount of water provided 

in gallons per minute per square foot needed to control or suppress 
a fire in the hydraulic remote area. 
 
Common industry references include such examples as 
“0.01/1,500,” representing “1/10 of a gallon of water per minute 
over each square foot of a 1,500 square foot remote area.” 

   
“design to the line”  In water-based fire protection system hydraulic calculations, a 

phrase describing the point where the fire protection system 
demand is equivalent to the available water supply. No margin of 
safety is provided. See margin of safety. 

   
detail(s)  In engineering or architectural drafting, enlargement(s) of 

specific information to provide greater clarity. 
   
detonation  Propagation of a combustion zone at a velocity that is greater than 

the speed of sound in an unrestricted medium. 
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draft stop  A material, device or construction installed to restrict the 
movement of air within open spaces of concealed areas of 
building components such as crawl spaces, floor/ceiling 
assemblies, roof/ceiling assemblies and attics. 

   
driver, fire pump  The electric motor or internal combustion engine that operates a 

stationary fire pump. In older systems, steam may provide the 
power to drive the fire pump. 

   
dry chemical 
extinguishing agent 

 A powder composed of small particles (usually sodium 
bicarbonate, potassium bicarbonate, urea-potassium-based 
bicarbonate, potassium chloride or monoammonium phosphate) 
used as a fire extinguishing medium. 

   
dry pipe sprinkler 
system 

 A sprinkler system employing automatic sprinklers that are 
attached to a piping system containing air or nitrogen under 
pressure, the release of which (as from the opening of a sprinkler) 
permits the water pressure to open a valve known as a dry pipe 
valve, and the water then flows into the piping system and out the 
opened sprinklers. 

   
ductile iron (DI)  A type of iron pipe that includes nodular graphite that gives it 

flexibility (ductility). Commonly used in underground water 
mains. 

   
early suppression fast 
response (ESFR) 

 A sprinkler design criteria that acts more quickly than a standard 
sprinkler to deliver large quantities of water to suppress a fire. 
Usually used in “high challenge” environments such as rack 
storage warehouses. 

   
effective point, water 
supply 

 In hydraulically designed fire protection systems, the point in a 
water supply system where the volume and pressure 
characteristics are known. 

   
eutectic  A metal alloy blended to have a specific melting temperature. 

Most often used in heat detectors or the fusible links of automatic 
sprinklers. 

   
exhauster  A quick-opening device attached to a dry pipe sprinkler system 

that releases air from the sprinkler system through the main drain 
pipe. Exhausting the air to the atmosphere helps the dry pipe valve 
operate more quickly. 

   
exit passageway  An exit component that is separated from all other interior spaces 

of a building or structure by fire-resistive construction and 
opening protectives, and provides for a protected path of 
horizontal egress travel to the exit discharge or public way. 
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exit system  All elements of the means of egress from a building or facility to 
a public street, sidewalk or place. Includes doors, hallways, 
corridors, aisles, exit passageways, stairs and stair enclosures. 
 
The exit system consists of the: 
 
• Exit access: the space between any point of an occupied 

building and the exit. 
• Exit: the space that is separated from all other spaces in a 

building by fire-resistive construction or fire protection 
systems. 

• Exit discharge: the space between the termination of the 
exit and the public way. 

   
explosive  Any chemical compound, mixture or device that has the purpose 

of bursting or rupturing an enclosure or container due to the 
development of internal pressure from a deflagration. 

   
explosive range or limits  The upper and lower limits in which the ratio of flammable vapor 

to air will support combustion. See also flammable range or 
limits. 

   
extinguishment  Extinguishment occurs when a fire is reduced to a heat release 

rate of zero. The only way to guarantee a fire has been 
extinguished is when a firefighter verifies that the fire is out. 

   
facility  A building or use in a fixed location including exterior storage 

yards for flammable and combustible substances and hazardous 
materials, piers, wharves, tank farms and similar uses. The term 
includes recreational vehicle, mobile home and manufactured 
housing parks, sales and storage lots. 

   
feed main  In a fire sprinkler system, the pipes supplying cross mains, either 

directly or through risers. Also known as a “bulk main.” 
   
fire barrier  A fire-resistance-rated vertical or horizontal (wall or floor-

ceiling) assembly of materials designed to restrict fire spread. 
Openings in the fire barrier are protected by fire-rated assemblies 
(fire doors and dampers). Fire barriers must be one-, two-, three- 
or four-hour rated depending upon their application. 

   
fire command center  Also known as a fire control room, the location in a building 

where fire protection systems and equipment can be monitored 
and controlled. 
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fire control or fire 
control mode 

 When applied to sprinkler systems, fire control is achieved by 
prewetting combustibles surrounding the fire area and by cooling 
hot gases at the ceiling. In an actual warehouse fire, 20 or more 
control-mode sprinklers may be required for control. 

   
fire load  An estimated measurement of the amount of total fuel per square 

foot based on occupancy. Also known as “fuel load.” 
   
fire partition  A vertical assembly (wall) of materials designed to restrict the 

spread of fire. Openings in the fire partition are protected by fire-
rated assemblies (fire doors and dampers). Fire partitions have a 
one-hour fire-resistance rating. 

   
fire protection systems  Approved devices, equipment, and systems or combinations of 

systems used to detect a fire, activate an alarm, extinguish or 
control a fire, control or manage smoke and products of a fire, or 
a combination thereof. 

   
fire pump  See pump, fire. 
   
fire pump controller  See controller, fire pump. 
   
fire-resistance rating  A value (commonly ranging from 20 minutes to four hours) 

assigned to an assembly of materials that has been subjected to 
standard, laboratory-controlled fire tests. 

   
fire safety functions  Building and fire control functions that are intended to increase 

the level of life safety for occupants or to control the spread of 
harmful effects of fire. 

   
fire safing  A method or material — such as caulk, bags or pillows — 

installed to resist the passage of flame and heat through openings 
in a fire-rated partition, barrier or wall to accommodate cables, 
cable trays, conduit, tubes, pipes or similar items. Also known as 
“firestop” or “firestopping.” 

   
firestop  A material — such as caulk, bags or pillows — installed to resist 

the passage of flame and heat through openings in a fire-rated 
partition, barrier or wall to accommodate cables, cable trays, 
conduit, tubes, pipes or similar items. 
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fire wall  A fire-resistance-rated wall having protected openings, which 
restricts the spread of fire and extends continuously from the 
foundation through or to the roof, with sufficient structural 
stability under fire conditions to allow collapse of construction on 
either side without causing the wall to collapse. Fire walls have 
two-, three- or four-hour fire-resistance ratings depending on 
where they are used. 

   
fixed pressure loss device  In hydraulically designed fire protection systems, an element for 

which the friction loss at a specific flow in gallons per minute is 
known, e.g., backflow prevention device, reduced pressure zone 
device, double detector check valve. 

   
flammable liquid  A liquid that has a flashpoint of less than 100 F (37.8 C) under 

controlled laboratory test conditions. 
   
flammable range or 
limits 

 The range in which the ratio of flammable vapor to air will 
support combustion. See also explosive range or limits. 

   
flashover  The point at which room temperature at the ceiling of a 

compartment reaches 1,100 F (593 C) or higher and all 
combustible materials within the compartment ignite almost 
simultaneously. 

   
flashpoint  The temperature at which a liquid fuel — when ignited — will 

flash momentarily but not sustain combustion. 
   
foam sprinkler system  A sprinkler system employing open sprinklers that are attached to 

a water supply through a valve that is opened by the operation of 
a detection system installed in the same area as the sprinklers and 
equipped with special sprinklers that aerate a mixed foam/water 
solution at the point of discharge. 

   
fuel load  See fire load. 
   
fully developed fire  Steady or post-flashover fire at peak heat release rate. 
   
gravity vent  See smoke and heat vents. 
   
gridded sprinkler system  A sprinkler system in which parallel cross mains are connected 

by multiple branch lines, causing an operating sprinkler to receive 
water from both ends of its branch line while other branch lines 
help transfer water between cross mains. 

   
halogenated 
extinguishing agent 
(halon) 

 A fire extinguishing medium using one or more of the atoms of 
an element from the halogen chemical family (iodine, bromine, 
fluorine, chlorine) to interrupt a fire’s chemical chain reaction. 
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hangers  In fire protection system installation, ferrous or other approved 
devices that support pipe from the structural frame of the building. 

   
hazard  Chemical or physical condition that has the potential for causing 

damage to people, property or the environment. 
   
heating, ventilating, and 
air conditioning (HVAC) 

 Industry abbreviation for heating, ventilating, and air 
conditioning systems and equipment. 

   
heat of combustion  Energy produced when a unit of fuel is completely burned with 

pure oxygen. 
   
heat release rate (HRR)  Mass heat loss rate times the heat of combustion and combustion 

efficiency (portion of the mass actually converted to energy). A 
measure of a fire’s “ferocity.” 

   
high challenge 
occupancy 

 A facility or building that, due to the nature, type, or array of 
contents or operations, creates a unique challenge for the fire 
protection system(s) to protect. 

   
highly protected rate (or 
risk) (HPR) 

 An insurance policy rate that provides a cost incentive based on 
the degree of fire protection available. 

   
high-rise building  A building having occupied floors located more than 75 feet 

above the lowest level of fire department vehicle access. 
   
horizontal exit  A fire-resistive barrier — having a minimum two-hour  

rating — that effectively divides an occupied space in half. 
According to the model building codes, once an occupant passes 
through the horizontal exit, he or she is presumed to be in a 
“separate building” even though he or she may still be within the 
same structure. 

   
horizontal assembly  A fire-resistance-rated (roof-ceiling or floor-ceiling) assembly of 

materials designed to restrict vertical fire spread. Openings in the 
horizontal assembly are protected by fire-rated assemblies (fire 
dampers). Horizontal assemblies must be one-, two-, three- or 
four-hour rated depending upon their application. 

   
hose stream allowance  The amount of water (in gallons per minute) needed for manual 

firefighting in sprinklered buildings. The hose stream allowance 
is added to the fire sprinkler system water demand to determine 
the total water supplies needed for a sprinklered building. 

   
hydraulic nodes  See hydraulic reference point. 
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hydraulic reference point  In a hydraulically calculated fire protection system, an identifying 
symbol on plans that identifies a point where that element affects 
water flow characteristics such as a valve, sprinkler, nozzle, hose 
station, elbow, tee, fitting or elevation change. Also known as 
“hydraulic nodes.” 

   
hydraulic remote area  In a hydraulically calculated sprinkler system, the design area 

where it is hydraulically most challenging to deliver water from 
the base-of-riser at the needed volume and pressure while 
overcoming pipe friction and elevation pressure losses. Based on 
system design, the hydraulic remote area may not be the 
physically most remote area from the base-of-riser. 
 
May also be known as “design area,” “remote area,” “area of 
application” or similar terminology. 

   
ignition temperature  The minimum temperature to which a substance must be heated 

to ignite and sustain combustion. 
   
Incident Commander 
(IC) 

 The individual responsible for all incident activities, including the 
development of strategies and tactics and the ordering and 
releasing of resources. The Incident Commander has overall 
authority and responsibility for conducting incident operations 
and is responsible for the management of all incident operations 
at the incident site. 

   
indicating appliance  Also known as a “notification appliance.” An audible, visual, 

tactical, textual or olfactory device intended to alert building 
occupants to an emergency condition. 

   
initiating device  A system component that originates transmission of a change-of-

state condition, such as in a smoke detector, manual fire alarm 
box or supervisory switch. 

   
inspection  In relation to fire protection systems and equipment, a visual 

check of the equipment or system to ensure that all components 
are in place, all operating functions are in a ready position, all 
gauges show appropriate pressures, and similar surveys. 

   
intumescent  A product such as paint, mastic or caulking that contains entrained 

carbon dioxide gas. When the material is heated, the gas expands 
to form a thick, marshmallow-like coating over the surface of the 
coated item to provide fire resistance. 

   
jockey pump  A small, nonrated pump assembly designed to maintain pressure 

on a fire protection system so the main fire pump does not operate 
prematurely. 
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labeled  Equipment or material to which has been attached a label, symbol 
or other identifying mark of a nationally recognized testing 
agency. See listed. 

   
layout, sprinkler  See sprinkler layout. 
   
listed  Equipment, materials or services that have been evaluated by an 

independent, third-party agency to verify that they perform as 
intended. The most common listing agencies are Underwriters 
Laboratories and Factory Mutual Global. See labeled. 

   
looped sprinkler system  A sprinkler system in which multiple cross mains are tied together 

so as to provide more than one path for water to flow to an 
operating sprinkler and that branch lines are not tied together. 

   
low-rise building   Used in reference to evaluating structural stability. An enclosed 

or partially enclosed building in which the mean roof height is 
less than or equal to 60 feet and does not exceed the building’s 
smaller horizontal dimension. 
 
Thus, a structure that measures 60 feet by 30 feet with a 30-foot 
high roof would qualify as a low-rise building. 

   
maintenance  In relation to fire protection systems and equipment, regular 

service as specified by the manufacturer. 
   
margin of safety  In water-based fire protection system hydraulic calculations, a 

point above the fire protection system demand compared to the 
available water supply curve that accounts for changes in the 
water supply such as daily (diurnal), seasonal or other added 
demands. 

   
maximum foreseeable 
loss wall 

 Insurance industry term for a fire wall designed to stop the spread 
of an uncontrolled fire when there is an impairment to the 
property’s fire protection system and manual firefighting is 
limited or delayed. The phrase is not used in model building 
codes. 

   
microbiologically 
influenced corrosion 
(MIC) 

 The influence of microorganisms on the energy of corrosion 
processes in metals. Microbiologically influenced corrosion is 
caused by bacterial microbes in combination with four other 
environmental conditions: metals (host location), nutrients, water 
and oxygen (although some types of bacteria need only very small 
amounts of oxygen). In addition, some microbial reactions will 
only occur within certain temperature ranges. Microbiologically 
influenced corrosion can result in pipe obstructions or leaks. 
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model building code  A building safety regulatory document prepared by interested 
people that can be legally adopted with or without amendments 
by local jurisdictions. The current model building codes include 
the International Building Code published by the International 
Codes Council Inc. and National Fire Protection Association 
5000, Building Construction and Safety Code. 

   
model fire code  A fire safety regulatory document prepared by interested people 

that can be legally adopted with or without amendments by local 
jurisdictions. The current model fire codes include the 
International Fire Code published by the International Code 
Council Inc. and National Fire Protection Association 1, Fire 
Code. 

   
National Fire Incident 
Reporting System 
(NFIRS) 

 A standard national reporting system used by United States fire 
departments to report fires and other incidents to which they 
respond and to maintain records of these incidents in a uniform 
manner. 

   
National Institute for 
Certification in 
Engineering 
Technologies 
(NICET) 

 An organization established to create a recognized certification 
for engineering technicians and technologists within the United 
States. Candidates can obtain various levels of fire protection 
certification in areas such as fire sprinkler design and inspection, 
fire alarm system design and inspection, and special hazards. 

   
Nationally Recognized 
Testing Laboratory 
(NRTL) 

 A Nationally Recognized Testing Laboratory is a private-sector 
organization that the U.S. Department of Labor Occupational 
Safety and Health Administration has recognized as meeting the 
legal requirements in 29 Code of Federal Regulations 1910.7 to 
perform testing and certification of products using consensus-
based test standards. 

   
node(s)  See hydraulic reference point. 
   
notification appliances  Any equipment that is part of a fire alarm system and intended to 

notify building occupants of an emergency. Includes bells, horns, 
buzzers, klaxons, sirens, strobe lights, vibrating alerts (tactile) or 
smell alerts (olfactory). Also known as an “indicating appliance.” 

   
nuisance alarm  An alarm caused by mechanical failure, malfunction, improper 

installation or lack of proper maintenance, or an alarm activated 
by a cause that cannot be determined. 

   
obstructed construction  For the purpose of fire sprinkler system design, panel construction 

and other construction where beams, trusses or other members 
impede heat flow or water distribution in a manner that materially 
affects the ability of sprinklers to control or suppress a fire. 
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opening protective  An assembly of components installed in the opening of a fire- or 
smoke-resistive barrier, partition or wall designed to close the 
opening during a fire. Examples include fire doors, fire dampers, 
smoke dampers, fire shutters, fire curtains, etc. 

   
outrigger  Industry term for a dead-end branch line extending from a cross 

main in a looped or gridded system 
   
parapet  In building construction, a portion of a fire wall that extends 

above the roof in the same plane as the wall. 
   
passive fire protection 
features 

 Structural and construction elements designed, installed and 
maintained to control fire and smoke spread in a building and 
contribute to its structural stability. Includes, but is not limited to, 
fire walls, fire barriers, fire partitions, spray-on or otherwise 
applied fire-proofing, fire-resistive assemblies. See active fire 
protection systems. 

   
peaking analysis  For gridded fire sprinkler designs, a mathematical process to 

verify that the selected remote area is the hydraulically most 
demanding. This is accomplished through a computer program 
that performs the analysis or by the submittal of additional 
hydraulic calculations for areas adjacent to the designated remote 
area. 

   
performance-based 
design 

 An engineering approach to fire protection design based on 
established fire safety goals and objectives, deterministic and 
probabilistic analysis of fire scenarios, and quantitative 
assessment of design alternatives against the fire safety goals and 
objectives, using accepted engineering tools, methodologies and 
performance criteria. 

   
pilot line, dry or wet  A detection system employed with preaction sprinkler systems 

that uses air under pressure (dry) or water under pressure (wet) in 
a small-diameter pipe equipped with small-diameter sprinklers in 
the same space as the fire control sprinklers. 

   
pipe takeout  In sprinkler pipe branch line installations, a measurement that 

accounts for fittings for joining pipe. 
   
pipe velocity  See velocity, pipe. 
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preaction sprinkler 
system 

 A sprinkler system employing automatic sprinklers that are 
attached to a piping system that contains air that might or might 
not be under pressure with a supplemental detection system 
installed in the same area as the sprinklers. 

   
  • Single interlock: Air in the pipe is not under pressure. 

Once the detection device senses a fire, the main sprinkler 
control valve opens and the pipe fills with water. 

   
  • Dual interlock: Air in the pipe is under pressure. Both the 

supplemental detection system and a sprinkler must 
operate to release air from the system and open the 
preaction valve to enable water to flow. 

   
preincident planning   A process of information collection, sorting, evaluation and 

dissemination of facts, probabilities and mitigating factors 
relating to emergencies in buildings or facilities. 

   
prescriptive codes or 
standards 

 A group of codes or standards which provide specific design, 
construction and maintenance requirements for buildings, fire 
prevention, mechanical systems, plumbing systems, energy 
conservation, barrier-free access and the like. 

   
prescriptive design  An option within a code where compliance is achieved by 

demonstrating compliance with specified construction 
characteristics, limits on dimensions, protection systems or other 
features. 

   
pressurization, smoke 
management/control 
(active) 

 The creation and maintenance of pressure levels in zones of a 
building including elevator shafts and stairwells that are higher 
than the pressure level at the smoke source, such pressure levels 
being produced by positive pressure of a supply of 
uncontaminated air, by exhausting air and smoke at the smoke 
source, or by a combination of these methods. 
 
Note: Exhausting the zone of origin may be all that is necessary 
to achieve a fully compliant smoke control system. 

   
primary factors chart  A tool that can be used by Command officers to organize and 

manage an emergency incident. The primary factors chart 
identifies: 
 
• Pertinent factors about a building or hazard area. 
• Incident objectives. 
• Strategies to achieve incident objectives. 
• Reminders to evaluate the effectiveness of the selected 

strategies continually. 
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project scope  Identification of the boundaries of the fire protection system 
design, including building use, design intent, project constraints, 
design and construction team organization, project schedules, and 
applicable regulations. 

   
protected opening  A penetration through a wall, floor, ceiling or other fire-resistive 

barrier that is equipped with a device (fire door, fire damper, etc.) 
designed to close automatically and protect the integrity of the 
barrier. 

   
pump, fire  Equipment that will deliver water from a static source or boost 

pressure from a dynamic supply to provide required minimum 
pressures on a fire protection system. Although they perform 
different functions, the terms “booster” and “fire” pump often are 
used interchangeably. 

   
pump, booster  A pressure-increasing pump installed in a dynamic supply 

(underground water mains, elevated tank, etc.) to increase normal 
head to that needed to supply the fire protection system at its 
design pressure. 

   
pump, fire  A pressure-increasing pump connected to static water supply 

(underground tank, pond, cistern, etc.) that provides both the flow 
and pressure needed to supply the fire protection system at its 
design pressure and volume. 

   
pump, jockey   A small, nonrated pump assembly designed to maintain pressure 

on a fire protection system so the main fire or booster pump does 
not operate prematurely. 

   
pyrophoric  A chemical with an autoignition temperature in air at or below a 

temperature of 130 F (54.4 C). 
   
quick-opening device  Equipment attached to a dry pipe sprinkler valve to aid the 

removal of air in the sprinkler system and speed the operation of 
the dry pipe valve. Quick-opening devices most commonly are 
exhausters or accelerators. 

   
quick-response sprinkler 
head 

 Quick response is a listing for sprinklers that combines the 
deflector, frame and body of a spray sprinkler with a fast-response 
element to create a technology that will respond quickly in the 
event of a fire and deliver water in the same fashion as other types 
of spray sprinklers. 

   
radiation  Transfer of heat energy from a hot surface to a cooler surface by 

electromagnetic waves. 
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radiation feedback  The condition of electromagnetic waves reflected from one 
heated surface to another. 

   
recommended practice  With National Fire Protection Association, a document that is 

similar in content to a code or standard, but that contains only 
nonmandatory provisions using the word “should” to indicate 
recommendations. 

   
residential sprinkler 
system 

 A sprinkler system installed in living spaces and adjacent 
corridors designed to control an incipient fire for the purpose of 
life safety. This is accomplished by wetting walls and the ceiling 
to prevent flashover in the room where the fire begins. Residential 
sprinkler systems are not designed for property protection; 
therefore, sprinkler protection may not be included in all parts of 
a structure. 

   
retard chamber  A small vessel connected to an alarm check valve to collect water 

and regulate pressure from water surges to prevent unwanted 
water flow alarms. Also called a “retarding chamber.” 

   
return bend  In a fire sprinkler system, the piping arrangement for pendent 

sprinklers where piping stems from the top of the branch pipe 
(riser nipple), runs horizontally (armover) and then down to the 
sprinkler (drop). 

   
risk  Mathematical probability that an event or sequence of events 

involving hazards will result in varying degrees of damage to 
people, property or the environment. 

   
room design method  A sprinkler hydraulic design method where water supply 

requirements are based upon the room that creates the greatest 
demand. 

   
rubric  In education, a document that articulates the expectations for an 

assignment by listing the criteria and describing levels of quality 
from excellent to poor. 

   
saponification  The result of adding water and alkali to animal fats to create a 

soap-like product. 
   
sectional control valve  An indicating control valve used to isolate one or more portions 

of a water-based fire suppression system. Sectional control 
usually is arranged to disable one portion of a system (such as an 
individual floor) while the rest of the system remains in service. 
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seismic bracing  In fire protection systems, rigid supports that are attached 
between the building and the fire protection system to ensure the 
equipment moves synchronously with the building in the event of 
an earthquake. 

   
bracing, four-way  Seismic bracing installed at the top of fire protection system 

risers. 
   

bracing, lateral  Seismic bracing installed generally perpendicular to the sprinkler 
pipe. 

   
bracing, 
longitudinal 

 Seismic bracing installed generally parallel to the sprinkler pipe. 

   
shaft  An enclosed space extending through one or more stories of a 

building, connecting vertical openings in successive floors or 
floors and roof. See chase. 

   
shotgun riser  Industry term for a wet pipe sprinkler riser that consists solely of 

a control valve, pressure gauge, main drain and flow switch. 
   
small room  A compartment of Light Hazard occupancy classification having 

unobstructed construction and a floor area not exceeding 800 
square feet. 

   
smoke  The airborne solid and liquid particulates and gases evolved when 

a material undergoes pyrolysis or combustion, including the 
quantity of air that is entrained or otherwise mixed into the mass. 

   
smoke and heat vents  Passive devices installed to permit smoke and heat to escape from 

a building. Normally installed on roofs, these devices may be 
melt-out material operated by fusible link, manually operated or 
a combination of these methods. 

   
smoke compartment  A space within a building enclosed by smoke barriers on all sides, 

including the top and bottom. Smoke compartments are 
frequently called smoke zones, and these terms are used 
interchangeably. 

   
smoke control mode  A predefined operational configuration of a system or device for 

the purpose of smoke control. Synonymous with smoke 
“management.” 

   
smoke control system, 
dedicated 

 A “stand-alone” smoke control system where fans, controls and 
alarm features are independent of the building’s heating, 
ventilating, and air conditioning system. 
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smoke control system, 
gravity 

 A method of smoke control that relies on natural ventilation 
forces to control or remove smoke. Usually used in reference to 
rooftop smoke and heat vents. 

   
smoke control system, 
mechanical 

 An engineered system that uses mechanical fans to produce 
pressure differences across smoke barriers or establish airflows to 
limit and direct smoke movement. 

   
smoke control system, 
nondedicated 

 A “combined” smoke control system where fans, controls and 
alarm features are integrated with the building’s heating, 
ventilating, and air conditioning system. 

   
smoke control system, 
passive 

 A system of smoke barriers arranged to limit the migration of 
smoke. 

   
smoke damper  A listed device installed in ducts that is designed to resist the 

passage of air and smoke. The device is installed to operate 
automatically, controlled by a smoke detection system, and, 
where required, is capable of being positioned from a remote 
command station. 

   
smoke detector, 
ionization principle 

 A smoke detection device that employs a small radioactive 
electron source. When small particles enter the smoke chamber, 
the particles are ionized. The ionized particles affect the electrical 
current flow in the sensing chamber, sounding an alarm. 

   
smoke detector, 
photoelectric principle 

 A smoke detection device that employs a light source and light-
sensitive target. When smoke interrupts or alters the light beam, 
an alarm is sounded. Photoelectric detectors may include light 
beam interruption (obscuration) or bending (refraction). 

   
smoke exhaust system  A mechanical or gravity system intended to move smoke from the 

smoke zone to the exterior of the building. It includes smoke 
removal, purging and venting systems, as well as exhaust fans 
used to reduce the pressure in the smoke zone. 
 
An approved gravity system may be automatically or manually 
operated smoke vents. 

   
smoke-proof enclosure  An exit stairway designed and constructed so that the movement 

of the products of combustion produced by a fire occurring in any 
part of the building into the enclosure is limited. 

   
smoke zones  A space within a building enclosed by smoke barriers on all sides, 

including the top and bottom. Smoke zones frequently are called 
smoke compartments, and these terms are used interchangeably. 
In rare cases, such as covered shopping malls, smoke zones may 
have no physical barriers other than the mall floor and ceiling. 
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specialty fire protection 
systems 

 Fixed fire protection systems employing special extinguishing 
agents or application techniques. Includes halogenated agents, 
halogen replacements (clean agent), dry and wet chemical, carbon 
dioxide, and water mist. 

   
spot application  Used in relationship to specialty fire protection systems to 

describe a system that discharges to protect a two-dimensional 
hazard such as a printing press, a dip tank surface or commercial 
cooking surfaces. 

   
sprig  In fire sprinkler systems, a pipe that rises vertically and supplies 

a single sprinkler. 
   
Sprinkler Identification 
Number (SIN) 

 A five- or six-digit alphanumeric sequence that identifies a 
sprinkler’s manufacturer, its orifice size, response classification, 
distribution characteristic and maximum working pressure. 

   
sprinkler layout  The pipe configuration, as seen in plan view, that represents the 

relationship among feed and cross mains and branch lines. 
   

sprinkler layout 
(grid) 

 A sprinkler layout that consists of parallel cross mains with 
branch lines between them. The branch lines — usually all of the 
same diameter — connect to the cross mains at both ends allowing 
multidirectional water flow. 

   
sprinkler layout 
(loop) 

 A sprinkler layout that consists of cross mains connected at both 
ends to parallel cross mains. Branch lines are connected to the 
cross main, but generally not connected to one another. 

   
sprinkler layout 
(tree) 

 A sprinkler layout that consists of a single large cross main that 
serves branch lines. The branch lines’ diameters decrease the 
farther they are from the system riser. 

   
sprinkler system, 
automatic 

 An integrated system of underground and overhead piping, valves 
and sprinklers designed in accordance with fire protection 
engineering standards. 

   
sprinkler system, deluge  A sprinkler system employing open sprinklers that are attached to 

a water supply through a valve that is opened by the operation of 
a detection system installed in the same area as the sprinklers. 

   
sprinkler system, dry 
pipe 

 A sprinkler system employing automatic sprinklers that are 
attached to a piping system containing air or nitrogen under 
pressure, the release of which (as from the opening of a sprinkler) 
permits the water pressure to open a valve known as a dry pipe 
valve, and the water then flows into the piping system and out the 
opened sprinklers. 



COMMERCIAL FIRE SPRINKLER SYSTEM PLANS REVIEW 

- 25 - 

sprinkler system, foam  A sprinkler system employing open sprinklers that are attached to 
a water supply through a valve that is opened by the operation of 
a detection system installed in the same area as the sprinklers and 
equipped with special sprinklers that aerate a mixed foam/water 
solution at the point of discharge. 

   
sprinkler system, 
preaction 

 A sprinkler system employing automatic sprinklers that are 
attached to a piping system that contains air that might or might 
not be under pressure with a supplemental detection system 
installed in the same area as the sprinklers. 

   
sprinkler system, 
residential design 

 A sprinkler system installed in living spaces and adjacent 
corridors designed to control an incipient fire for the purpose of 
life safety. This is accomplished by wetting walls and the ceiling 
to prevent flashover in the room where the fire begins. Residential 
sprinkler systems are not designed for property protection; 
therefore, sprinkler protection may not be included in all parts of 
a structure. 

   
sprinkler system, wet 
pipe 

 A sprinkler system employing automatic sprinklers connected to 
a piping system containing water and connected to a water supply 
so that water discharges immediately from sprinklers opened by 
heat from a fire. 

   
standard  A document, the main text of which contains only mandatory 

provisions using the word “shall” to indicate requirements, and 
which is in a form generally suited for mandatory reference by 
another standard or code for adoption into law. 

   
standpipe system  An arrangement of piping, valves, hose connections and allied 

equipment installed in a building or structure with the hose 
connections located in such a manner that water can be discharged 
in streams or spray patterns through attached hoses and nozzles 
for the purpose of extinguishing a fire, thereby protecting a 
building or structure and its contents in addition to protecting the 
occupants. This is accomplished by means of pumps, tanks and 
other equipment necessary to provide an adequate supply of water 
to the hose connections. 

   
Class 1  Class 1 systems provide 2 1/2-inch hose outlet connections to 

supply water for use by fire departments and those trained in 
handling heavy fire streams. The systems must be designed to 
deliver a flow of not less than 500 gallons per minute at 100 
pounds per square inch at the topmost hose outlet. 
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Class 2  Class 2 systems provide 1 1/2-inch hose stations to supply water 
for use primarily by the building occupants, or by the fire 
department during initial response or mop-up. Class 2  
systems — which often are connected to the building’s potable 
water supply — must be designed to deliver 100 gallons per 
minute at 65 pounds per square inch at the outlet. Class 2 systems 
normally are not equipped with a fire department connection to 
supplement the flow and pressure. 

   
Class 3  Class 3 systems employ the features of both Class 1 and Class 2. 

They provide 1 1/2-inch hose stations to supply water for use by 
building occupants, and 2 1/2-inch hose connections to supply a 
larger volume of water for use by fire departments and those 
trained in handling heavy fire streams. The systems must be 
designed to deliver a flow of not less than 500 gallons per minute 
at 100 pounds per square inch at the topmost hose outlet. 

   
standpipe, automatic 
(dry) 

 Automatic dry systems normally are filled with pressurized air, 
using a dry pipe valve that admits water into the system when a 
hose valve is opened. The air normally is discharged through the 
hoseline, so there will be a delay in receiving water in the line, 
not unlike water being supplied from a fire department pumper. 
They normally are installed where the piping is subject to 
freezing. 

   
standpipe, automatic 
(wet) 

 Automatic wet systems are systems that are capable of supplying 
system demand automatically. They are supported by a water 
supply capable of meeting the firefighting water supply demand 
for a particular building or area. The water supply may be the 
municipal system, private water system, or one or more storage 
tanks in the building. 

   
standpipe, manual  A standpipe system that is not connected to a water supply or has 

only a small priming water supply that is not capable of delivering 
the system demand and requires water from a fire department 
pumping apparatus to supply the system demand. 

   
standpipe, semi-
automatic (dry) 

 A dry system that uses a deluge valve or other device that admits 
water into the system upon activation of a remote control device 
located at a hose connection. A remote control device must be 
located at each hose connection. 

   
storage array  See array, storage. 
   
structure  That which is built or constructed. 
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supervisory signal  Used in conjunction with fire protection systems to identify 
“normal” and “off-normal” conditions, such as valve closure, 
high or low air pressure, high or low water temperature, or 
security features on a system. A supervisory signal is not a trouble 
signal. 

   
suppression mode  When applied to sprinkler systems, describes automatic 

sprinklers, such as early suppression fast response, that are 
designed to suppress the fire to the point where there is no active 
combustion. See fire control mode. 

   
system riser  For a fire sprinkler system, the aboveground horizontal or vertical 

pipe between the water supply and the mains (cross or feed) that 
contains a control valve (either directly or within its supply pipe), 
a pressure gauge, a main drain and a water flow alarm device. 

   
takeout, pipe  In sprinkler pipe branch line installations, a measurement that 

accounts for fittings for joining pipe. 
   
target hazard  Any building or potential incident site (e.g., outside hazardous 

materials storage site, bulk fuels storage facility) that has the 
potential for significant life loss, high property dollar loss and/or 
the ability to overwhelm local resources. 

   
test header, fire pump  Equipment containing one or more 2 1/2-inch outlets with gate 

valves used to perform periodic performance testing on the fire 
pump. May be used in lieu of a flow meter. 

   
testing  In relation to fire protection systems and equipment, a 

performance check where the system or equipment is exercised in 
compliance with the testing criteria outlined in the National Fire 
Protection Association codes and standards or manufacturer’s 
requirements. 

   
thermistor  Thermally sensitive resistors that have, according to type, a 

negative (negative temperature coefficient) or positive (positive 
temperature coefficient) resistance/temperature coefficient. 
Manufactured from the oxides of the transition metals — 
manganese, cobalt, copper and nickel — negative temperature 
coefficient thermistors are temperature-dependent semiconductor 
resistors. 

   
total flooding  Used in relation to specialty fire protection systems to describe a 

system that discharges to protect a three-dimensional hazard such 
as a spray booth or computer room. 
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trouble signal  An alarm signal from a fire alarm control panel indicating an 
electronic failure of some kind, e.g., loss of main power, circuit 
interruption, disconnected device or ground fault. A trouble signal 
is not a supervisory signal. 

   
truss  A framed structural unit made up of a group of triangles arranged 

in a single plane in such a manner that if the loads are applied at 
the points of intersection of the truss members, only compressive 
or tensile (nonbending) forces will result in the members. 

   
unobstructed 
construction 

 For the purpose of fire sprinkler system design, construction 
where beams, trusses or other members do not impede heat flow 
or water distribution in a manner that materially affects the ability 
of sprinklers to control or suppress a fire. Unobstructed 
construction has horizontal structural members that are not solid 
where the openings are at least 70% of the cross-section area and 
the depth of the member does not exceed the least dimension of 
the openings, or all construction types where the spacing of 
structural members exceeds 7 1/2 feet on center. 

   
valve, indicating  A water control valve that can be identified as “open” or “closed” 

without touching the valve. Usually used on water supplies to fire 
protection systems. Includes post indicators, wall indicators, 
quarter turn and butterfly valves. 

   
valve, nonindicating  A water control valve that must be manipulated to determine its 

“open” or “closed” status. Usually used on fire protection systems 
for test or drain connections that are not critical to system 
operation. Includes globe, ball, check and gate valves. 

   
velocity, pipe  Water movement speed in pipe. The transition point between 

laminar and turbulent flow is considered 20 feet per second. 
National Fire Protection Association 13, Standard for the 
Installation of Sprinkler Systems, states “Unless required by other 
NFPA standards, the velocity of water flow shall not be limited 
when hydraulic calculations are performed using the Hazen-
Williams or Darcy Weisbach formulas” (National Fire Protection 
Association (NFPA), 2016, section 23.4.1.4). 

   
venturi   A short tube with a tapering constriction in the middle that 

increases the velocity of the fluid flow and results in a 
corresponding downstream decrease in fluid pressure. Commonly 
used in the fire service for foam reduction. 
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view  In architecture and engineering, representation of a whole system 
from a variety of visual perspectives. 

   
view, elevation  Building or structural rendering of the outside walls as if the 

observer was standing outdoors looking at the edifice. 
   

view, isometric or 
orthographic 

 Building or structural rendering in three dimensions. 

   
view, plan  Building or structural rendering from above as if the roof were 

removed, exposing the rooms. 
   

view, section  Building or structural rendering as if there is an imaginary “slice” 
through the building and features from the footings/foundation 
through the roof can be observed. 

   
water spray system  Similar to a deluge system, a water spray system employs 

normally open nozzles but discharges water in a fine mist. Usually 
used for exterior exposure protection such as for aboveground 
tanks or oil-filled electrical transformers. 

   
water supply effective 
point 

 See effective point. 

   
wet chemical 
extinguishing agent 

 A fire extinguishing agent made from a solution of water and 
potassium-carbonate-based chemical, potassium-acetate chemical 
or a combination of both. 

   
wet pipe sprinkler 
system 

 An automatic sprinkler system employing automatic sprinklers 
connected to a piping system containing water and connected to a 
water supply so that water discharges immediately from 
sprinklers opened by heat from a fire. 

   
windowless building  A structure that measures at least 1,500 square feet and is not 

provided with doors or windows for ventilation or rescue sized 
and spaced in accordance with the building code. Generally, 
openings must be at least 30 inches wide, have 20 square feet of 
net clearance, be openable from the outside, and be located not 
more than 75 feet from the opposite wall. 

   
zoned  When used in conjunction with fire alarm systems, describes a 

method for installing initiating devices and circuits so an alarm 
will correspond with the general location and/or devices (e.g., 
second floor, gymnasium, smoke detectors, pull stations, etc.). 
See addressable. 
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ACRONYMS 
 

ABS acrylonitrile butadiene styrene 
 
AC asbestos cement 
 
ACT acoustical ceiling tile 
 
ADA Americans with Disabilities Act 
 
API American Petroleum Institute 
 
CLDI concrete lined ductile iron 
 
CPVC chlorinated polyvinyl chloride 
 
DOD U.S. Department of Defense 
 
ETL Electrical Testing Laboratories 
 
FDC fire department connection 
 
FIP Fire Inspection Principles 
 
FM Factory Mutual 
 
gpm gallons per minute 
 
IBC International Building Code 
 
ICC International Code Council 
 
ICS Incident Command System 
 
ID Internal Diameter 
 
IFC International Fire Code 
 
IG Instructor Guide 
 
IRC International Residential Code 
 
ISO Insurance Services Office 
 
NFA National Fire Academy 
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NFPA National Fire Protection Association 
 
OD Outer Diameter 
 
PEI Petroleum Equipment Institute 
 
PEX cross-linked polyethylene 
 
PIV post indicator valve 
 
psi pounds per square inch 
 
PVC polyvinyl chloride 
 
QRS quick-response sprinkler 
 
SAW Student Activity Worksheet 
 
SM Student Manual 
 
UL Underwriters Laboratories 
 
ULC Underwriters Laboratories of Canada 
 
USFA U.S. Fire Administration 
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