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FOREWORD 
 
Design requirements, with the intent to minimize the impact of obstructions on sprinkler 
performance, have been included in NFPA 13 for decades. However, there are still gaps in the 
fundamental understanding of the challenges presented by obstructions on spray sprinkler 
performance due to the lack of quantitative assessments on their impact on sprinkler activation 
and control. Thus, there was a need to assess the current obstruction rules related to spray 
sprinklers, including the beam rule, four-foot rule, group obstructions, etc., along with the technical 
justifications and available research to determine the knowledge gaps.   
 
This project provides a literature review of the historical code requirements regarding obstructions 
to spray sprinklers, the technical basis to the existing requirements, and the factors that influence 
an obstruction’s impact on spray sprinkler performance. The fundamental gaps in understanding 
were identified. And a detailed research plan to address the identified knowledge gaps through 
spray characterization methodologies, modelling, cold flow testing, and fire testing is provided 
herein. It is expected that future efforts would focus on filling in the knowledge gaps and 
developing the technical basis for any new requirements or guidance in NFPA 13, Standard for 
the Installation of Sprinkler Systems. 
 
The Fire Protection Research Foundation expresses gratitude to the report authors Noah Ryder, 
Steve Strege, and Stephen Jordan, who are with Fire & Risk Alliance located in Rockville, MD. 
The Research Foundation appreciates the guidance provided by the Project Technical Panelists, 
the funding provided by the project sponsor, and all others that contributed to this research effort.  
 
The content, opinions and conclusions contained in this report are solely those of the authors and 
do not necessarily represent the views of the Fire Protection Research Foundation, NFPA, 
Technical Panel or Sponsors. The Foundation makes no guaranty or warranty as to the accuracy 
or completeness of any information published herein. 
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1.0 INTRODUCTION 
The National Fire Protection Association (NFPA) Fire Protection Research Foundation (FPRF) 
“Impact of Obstructions on Spray Sprinklers – Literature Review” project seeks to address 
knowledge gaps related to the impact of obstructions on spray sprinkler performance.   

The goal of this project is to conduct a detailed literature review to document the current obstructed 
sprinkler criteria in NFPA 13, previously available studies examining obstructed sprinkler 
performance, and the technical substantiation for the currently provided guidance. Based on the 
review of this information a gap analysis was performed to help guide the research plan to fill the 

identified gaps in knowledge.  

This research is necessary as there are increasingly challenging sprinkler/obstruction interface 
scenarios that are being encountered. Some of these scenarios aren’t presently adequately 
addressed by the standard or it may be that the guidance provided may not be aligned with actual 
sprinkler performance. Challenging issues such as HVLS or other fan types, repeated smaller 
obstructions, and sprinklers under obstructions need to be addressed in a scientific manner to 
ensure that the guidance provided in NFPA 13 is well founded while simultaneously not being 
overly conservative.  

Ultimately the objective of this effort is to provide guidance to the NFPA 13 technical committee 
on obstructed sprinkler criteria that is well founded in sprinkler performance. 

This report summarizes the literature review, gap analysis, and proposed research plan to examine 

the impact of obstructions on spray sprinklers. 

 

2.0 BACKGROUND 
NFPA 13 has a detailed set of criteria as to what constitutes an “obstruction” and when the 
obstruction is deemed too disruptive to the spray pattern of the sprinkler. These rules vary based 
on whether the obstruction is non-continuous1 (the three and four-times rules) or continuous2 (the 
beam rule) as well as the size of the obstruction and distance from the deflector. However, the 
configurations in which the spray is excessively disrupted can vary greatly based on the specific 
sprinkler, K-factor, and operating pressure [1], as well as the characteristics of the obstruction. It 
is generally understood that all of these variables may not be sufficiently addressed with the present 

rules as currently outlined in NFPA 13.  

Throughout the years numerous recommendations, such as “shadowing” areas have been 
discussed, and implemented into certain standards and not others thus, there lacks a consistent 
approach amongst the various standards. Even when acknowledging that the different types of 

 
 
 
 
1 NFPA 13 (2019) 3.3.133.2 Noncontinuous Obstruction. An obstruction at or below the level of the sprinkler 
deflector that affects the discharge pattern of a single sprinkler. 
2 NFPA 13 (2019) 3.3.133.1 Continuous Obstruction. An obstruction located at or below the level of sprinkler 
deflectors that affect the discharge pattern of two or more adjacent sprinklers. 
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sprinklers are impacted in different ways by obstructions, a more cohesive approach and sound 
fundamental basis is desirable. 

Exacerbating this is that architectural features that include obstructions, as well as standard 
building features (i.e. ductwork, piping, etc.) are increasingly commonplace in today’s structures 
and thus greater guidance and understanding of the interaction of the spray with obstructions is 
needed to ensure that occupancies and occupants are properly protected. With the greater 
understanding of sprinkler spray characteristics that is available today and leveraging the prior 
research [2], [3] that has been conducted of a similar nature, it is desired to more comprehensively 

address the question of the impact of obstructions on spray sprinklers. 
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3.0 LITERATURE REVIEW 

3.1 Code History  
The notion that objects and building components can act as “obstructions” and may impact the 
performance of a sprinkler traces back to the earliest versions of fire and building codes addressing 
sprinklers. While the specific language has changed over the past 100+ years the guiding principle 
to “permit effective distribution of water” has remained constant [4]. The following section 
provides some historical context and comparison of major code changes as it relates to 
obstructions.   

1850 – 1900 

The first sprinkler system in the United States was installed in 1852, consisting of a perforated 
pipe design. The first automatic sprinkler was invented in 1864 to control, confine, and extinguish 
fires to prevent the loss of life and minimize the loss of property. By 1895, sprinkler system 
development was increasing significantly, however there were no uniform standards. Within the 
Boston area in 1895 nine different standards were attempting to address pipe sizing and sprinkler 
spacing. After several meetings between various insurance and other groups who realized that a 
single standard was necessary, NFPA was formed with the first version of what would become 

NFPA 13 following shortly after [5].   

As early as 1896, in the Hand-book of The Underwriters’ Bureau of New England, one of the pre-
cursors to NFPA 13, it was recognized that obstructions can impact sprinkler coverage, given the 

following code sections [6]:  

“Sprinklers to be located that their distribution will cover all parts of the premises” 

“Special instructions must be obtained relative to placing sprinklers under large shelves, 
benches, tables, overhead storage racks and platforms…” 

1900 – 1950 
Before 1950 sprinklers simultaneously discharged water upward and downward.  The downward 
discharge was used to extinguish or control the fire, while the upward discharge kept the ceiling 
and surrounding gases cool.  These sprinkler designs were subsequently replaced by upright and 

pendent sprinklers, providing primarily downward only water discharge [5].   

In NFPA 13 (1950) [4], the basic standards for obstructions criteria were given.  Provision §205 
and §752 state that sprinklers shall be placed at “a sufficient distance from obstructions…to avoid 
interference with the distribution of water.”  The standard simply states that a vertical separation 
distance (clearance) of “at least 12 inches” between sprinkler deflector and obstructions will 
ordinarily prevent interference, however no technical basis to substantiate this statement was 

given.   

§205: “Arrangements shall be made to keep all stock piles, racks, and other possible 
obstructions at least 12 inches below the deflectors of the sprinklers so as to permit 
effective distribution of water. This clearance shall be maintained at all times.” 

§752: “Obstructions. Sprinklers shall be located a sufficient distance from obstructions 
such as timbers, uprights, hangers, piping, etc., to avoid interference with the distribution 
of water from the sprinklers. This will ordinarily mean a distance of at least 12 in. from 
such members.” 
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While additional guidance on obstructions is limited it is worth noting that the concept of “total 
obstruction” and “partial obstruction” was understood and had been incorporated based on the 

issuance of Standard Plan Symbols designed to indicate various obstruction levels, Figure 1 

 

Figure 1 - Portion of Fig. 105-1 Standard Plan Symbols extracted from NFPA 13 (1950) 
showing the concept of fully obstructed, partially obstructed, and negligible obstructed 

criteria (© National Fire Protection Association) 

NFPA 13A (1950) [4], Recommended Practice for the Care and Maintenance of Sprinkler 
Systems, which was issued as a supplement to NFPA 13 and was intended to provide guidance for 
building owners stated that: “Obstructions by stock or partitions to the distribution of water 
discharged from sprinklers must be avoided. To extinguish a fire, the water from the sprinklers 
must reach the burning material.”  

Thus, while the guidance was limited it was clearly understood that blockage of spray was to be 

avoided. 

1960s 
By 1960, NFPA 13 (1960) [7]  had been updated to provide additional information regarding 
obstructions, hazard classifications, and other pertinent system details. Interestingly the standard 
at this time was modified to reflect that hazard classifications were not solely fuel dependent but 
also depended on the level of obstructions to the sprinklers. In short, the greater the obstruction 
the higher the hazard classification of the space, Figure 2, as a reduced level of water would be 
delivered to the protected area based on the impact of the obstructions. In essence if water was 
unimpeded to the target surface then it was capable of protecting larger hazards. 

 

 
 

Figure 2 - Table 7302  and Figure 7302 extracted from NFPA 13 (1960) showing sprinkler 
clearance to beams (© National Fire Protection Association) 
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1970s 
As previously mentioned, during the early 1950’s sprinkler deflectors underwent a major redesign 
and NFPA 13 (1971) [8]  directly addressed this and the resulting changes observed in the spray 
patterns as well as renaming the newly developed sprinklers to “standard sprinkler” and prior 

sprinklers as “old style sprinkler”. 

The information provided on obstructions specifically is worded largely similar to that of the 1960 
standard [7], however rather than provide a general “clear space below sprinklers” guideline of 12 
inches (0.3048 m), it now refers the reader to specific criteria based on the configuration.  The 
1971 standard [8] does provide (and increased) the general guideline to 18-inch (0.4572 m) (36-
inch (0.9144 m) for high piled combustibles) clear space below sprinklers.    

NFPA 13 (1971) [8] also acknowledged that variances from the standard may be required based 
on constructions that do not fit the guidance provided by the standard. Variations from the standard 
were permitted based on the application of “the basic fundamentals” and conformity to other 
existing sections of the standard. 

The 1976 edition of NFPA 13 [9] made a major change to Occupancy Hazard Classifications in 
that they no longer depend on the presence of obstructions and were simply based on the fuel.3   

§1-7.2.1 Light Hazard – Occupancies or portions of other occupancies where the quantity 
and/or combustibility of contents is low and fires with relatively low rate of heat release 
are expected.  

§1-7.3.1 Ordinary Hazard (Group 1) – Occupancies or portions of other occupancies 
where combustibility is low, quantity of combustible is moderate, stock piles of combustible 
do not exceed eight feet and fires with moderate rate of heat release are expected.  

§1-7.3.2 Ordinary Hazard (Group 2) – Occupancies or portions of other occupancies 
where quantity and combustibility of contents is moderate, stock piles do not exceed 12 feet 
and fires with moderate rate of heat release are expected.  

§1-7.3.3 Ordinary Hazard (Group 3) – Occupancies or portions of other occupancies 
where quantity and/or combustibility of contents is high, and fires of high rate of heat 
release are expected.  

Another major change in the 1976 edition of NFPA 13 [9] is that it recognized performance-based 
test results may be used in lieu of prescriptive separation requirements for obstructions. 

§4-1.1.4 Clearance between sprinklers and structural members shall comply with this 
standard unless tests are performed which show that deviation offer no obstruction to spray 
discharge.   

 
 
 
 
3 It should be noted that language within NFPA 13 (2016) §A.5.4.2 still makes reference to extensive shielding of 
combustibles in the definition of Extra Hazard (Group 2), however this is limited to shielding “by occupancy, not 
structural conditions, and where water discharged by sprinklers may not reach the burning material because of the 
shielding.”. 
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NFPA 13 (1976) [9] added installation orientation guidance for upright sprinkler to minimize the 
obstruction of the branch line.   

§A-3-15.2.2 Upright sprinklers should be installed with the frame parallel to the branch 
line pipe to reduce to minimum the obstruction of the discharge pattern.   

Additional provisions for 36 inches (0.9144 m) of clearance below the sprinkler for high piled 
combustible stock was also removed in NFPA 13 (1976) [9]. 

 

1980s 
Obstructions as they pertain to sidewall sprinklers were identified for the first time in the 1980 
version of NFPA 13 [10]. 

§A-4-5 The installation of sidewall sprinklers other than beneath smooth ceiling will 
require special consideration. Beams or other ceiling obstructions interfere with proper 
distribution and, when present, sidewall should be spaced with regard to such obstructions.  

The 1985 edition of NFPA 13 [11], introduced provisions for clearance distances from thin, free 
standing vertical obstructions such as privacy curtains, vertical partitions, or room dividers (see 
Figure 3).   This code provision recognizes there is a relatively predicable spray pattern of water 

discharge (see Figure 9).     
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Figure 3 - Table 4-2.5.2 and Figure 4-2.5.2 extracted from NFPA 13 (1985) showing 
minimum sprinkler clearance distances to privacy curtains (© National Fire Protection 

Association). 

The 1985 edition of NFPA 13 [11], maintains provisions from the 1971 edition [8] for a 
minimum 18-inch (0.4572 m) clear space below sprinklers for storage. 
 

§4-2.5.1 A minimum of 18 in. (457 mm) clearance shall be maintained between top of 
storage and ceiling sprinkler deflectors. For in-rack sprinklers, the clear space shall be 
in accordance with NFPA 231, Rack Storage of Materials.   

  

The 1989 edition of NFPA 13 [12] added an ESFR sprinkler installation criteria section including 
obstruction spacing requirements. 

 

1990s 
In the 1991 edition of NFPA 13 [13], the concept of changing the maximum coverage area of a 
sprinkler based on “Obstructed” or “Unobstructed” Construction was introduced, Figure 4. 
Additionally, criteria on vertical vs. horizontal obstructions is included.  It should be noted that the 
obstruction criteria identified in Table 4-2.2 is primarily in relation to heat flow and impacts on 

activation as opposed to obstructions to the spray. 
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Figure 4 – Table 4-2.2 extracted from NFPA 13 (1991) Maximum Sprinkler Protection Area 
(© National Fire Protection Association) 

2000 - Present 
In the 2000’s NFPA 13 evolved to into the present standard that we find today. In addition to the 
now “standard” obstruction criteria additional guidance was provided for obstructions and sloped 
ceilings and cloud ceilings (2016). The cloud ceiling provisions (§8.15.2) were largely based on 

fire testing performed in 2013 [3] and numerical simulations performed in 2014 [15].    

3.2 Prescriptive Rules (Misc) 
Within NFPA 13 presently a number of different rules regarding obstructions are provided to 
address the various scenarios that may be encountered. In general obstructions can be viewed in 4 
general ways with regards to sprinkler throw: throw over (partitions); throw under (soffits or 
beams); throw past (columns or other vertical obstructions); and throw “through” (trusses and 
suspended fixtures) [16]. The prescriptive rules in NFPA 13 (2019) §10 attempt to address each 
of these obstruction challenges for spray sprinklers and are summarized below. Guidance for 
Extended Coverage (§11), Residential (§12), CMSA (§13), and ESFR (§14) sprinklers are 
provided in the ensuing chapters. 

It should be noted that throughout the standard there are numerous exceptions for light and 
ordinary hazard occupancies that are viewed to typically have a lower expected fire loading. In 
general, if the object is less than 4 feet (1.2192 m) wide and more than 18 inches (0.4572 m) from 
the deflector they can largely be ignored. 
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3.2.1 “The Beam Rule” 
In short the “beam rule” states that there must be at least 1 foot (0.3048 m)of separation between 
the sprinkler and the obstruction if the deflector is any distance above the bottom of the obstruction. 
As the distance (A in Figure 5) increases from the sprinkler to the obstruction the greater the 
allowable distance from the deflector to the bottom of the obstruction (B in Figure 5). It is worth 
noting that the criteria for CMSA/ESFR and EC/Residential sprinklers, while similar in concept 
do have different spacing rules as shown in Figure 6 [16] as would be expected as the spray patterns 

are different for each sprinkler type. 

3.2.2 “The Three Times Rule” 
NFPA 13 (2019) §10.2.7.2.1.3 lays out the “Three Times Rule” which states that unless specific 
requirements are met that “sprinklers shall be positioned away from obstructions a minimum 
distance of three times the maximum dimensions of the obstruction”, up to a maximum of 24 inches 
(0.6096 m) though the “maximum clear distance does not apply to obstructions in the vertical 
orientation (e.g., columns)” [16]. The intent is to provide guidance for situations where the 
expectation is that the spray can reach both sides (through) the obstacle without a significant 
impact from the obstruction. The “Four Times Rule” is really just an extension of the “three times 
rule” however it covers extended coverage sprinklers and the maximum clearance is 36 inches 

(0.9144 m). 

It should be noted that objects such as ceiling fan housings (blades as well if pattern is < 50% 
open) fall into the three- and four-times rules as do exit signs, emergency lighting, and other 
similar objects. 

3.2.3 “The Four-Foot and Wide Obstruction Rule” 
For obstructions wider than 4 feet (1.2192 m), sprinkler protection is required below the 
obstruction with deflectors to be located less than 12 inches (0.3048 m) from the bottom of the 
obstruction. For obstructions less than 4 feet (1.2192 m) in width sprinklers may not be required 
underneath the obstruction. Several exceptions to the rule also exist when the obstruction is less 
than 24 inches (0.6096 m) from the floor, not fixed in place (ie tables), or if the room is smaller 
than 400 ft3. It should be noted that ducts less than 4 feet (1.2192 m), though continuous, do not 
require sprinkler protection underneath them if the deflector is greater than 18 inches (0.4572 m) 

from the obstruction. 
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Figure 5 - "Beam Rule" guidance for spray sprinklers Table 10.2.7.1.2 and Figure 
10.2.7.1.2 extracted from NFPA 13 (2016) (© National Fire Protection Association) 
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Figure 6 - Comparison of "Beam Rule" guidance for various sprinkler types, compiled 
from NFPA 13 

Figure 7 - "Three Times Rule" guidance, Figure 10.2.7.2.1.3 extracted from NFPA 13 
(2016) (© National Fire Protection Association) 

3.2.4 Multiple Obstructions 
Although some limited guidance exists, presently neither NFPA 13 or FM Global Data Sheet 2-0 
provide clear guidance within the main body of the documents on how to address multiple 
obstructions (e.g. when is it appropriate to classify them as a single obstruction versus multiple 
independent obstructions). However, both documents provide supplemental information in either 
commentary or appendices, with FM Global providing conditions for treating obstructions as 
single or multiple.  
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NFPA 13 (2016) handbook section §A.8.5.5.3.1 “Ask the AHJ” poses the question “When 
determining if the obstruction is more than 4ft wide…what separation is necessary between 
obstructions to deem the adjacent obstructions to be their own separate obstructions rather than 
one overall obstruction?” and indicates that “There is no guidance for this concern in the standard 
and, therefore, design judgment will be necessary.” 

FM DS 2.0 Appendix A states “Individual Object (Obstruction): An object can be considered an 
individual object for obstruction purposes when the horizontal distance between it and the nearest 
object is more than 3 times the objects least dimension. Otherwise the width of the object, for 
obstruction evaluation purposes, would be based on the width of both objects least dimensions 
plus the horizontal distance between them. An example of an individual object would be a 3 in. (75 
mm) wide service pipe that is located at least 9 in. (225 mm) horizontally away from any other
object.

Grouped Object (obstruction): Two or more adjacent objects are considered a grouped object for 
obstruction purposes when the horizontal distance between them is less than 3 times the object’s 
least dimension. Under these conditions the width of the object, for obstruction evaluation 
purposes, is considered the width of both objects’ least dimensions plus the horizontal distance 
between them. An example of a grouped object would be a 3-in. (75-mm) wide service pipe that is 
located 8 in. (200 mm) away from another 3-in. (75-mm) wide service pipe. Collectively, they 
represent a 14-in. (350-mm) wide object for obstruction analysis purposes.” 

3.3 Technical Basis 
The technical substantiation for the evolution and currently provided guidance on obstructions can 
be categorized into three categories: (1) Historical Events, (2) Fire Testing, and (3) Modeling. 
Currently NFPA 13 [20] provides prescriptive requirements for obstructions.  These requirements 
are based largely on engineering judgment and limited fire test data or modeling studies.  

3.3.1 Historical Events 
NFPA 13 remained virtually the same from 1950 to 1985, however obstructions began to gain 
attention in the late seventies and early eighties as compiled historical fire data showed that 
impaired sprinkler performance due to obstructions was the likely reason sprinklers were 
determined unsatisfactory in many preventable fires in North America. For example, 8.8% of New 
York City’s preventable fires during 1969-1978 were caused by “obstruction to distribution” 
mirroring the number of preventable fires in North America from 1897 to 1969 also caused by 
obstruction to discharge of 9.8% [21]. The lack of a downward trend during these periods shows 
an obvious lack of advancements with regards to obstruction issue over an approximate 100-year 
period.  Code provisions to provide sprinkler protection under obstructions was identified as a 
solution to improving the reliability of sprinkler systems [21] in the 2000’s however detailed 
statistics have not been garnered that address the potential impact that these changes may have 
had.   

3.3.2 Physical Testing 
In the 1960s full scale testing involving storage occupancies was performed using K6.8(K80) and 
K8.0 (K115) spray sprinklers, the goal of which was to evaluate sprinkler performance. FM Global 
undertook this research and testing which lead to two major technical developments: quick-
response sprinklers and control-mode-specific application (CMSA) sprinklers. Paving the way for 
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Early Suppression Fast Response (ESFR) and quick response sprinklers which were intended to 
operate while the fire was still relativity small [22]. 

In 1989, fire tests were conducted in a test room to determine the effect of cathedral (sloped) and/or 
beamed ceiling construction on fast-response residential sprinkler performance. The fire tests were 
conducted with the ceiling being either horizontal or pitched to a 14° slope. Beams of two different 
depths were employed. Test results indicated that sloped and/or beamed ceilings represent a 
serious challenge to the fire protection afforded by fast-response residential sprinklers. However, 
with reasonable modifications to the installation standards and the water supply, fire control 

equivalent to that observed under smooth horizontal ceilings could be obtained [17].  

Valentine et. al performed research in 2006 examining the impact of obstructions on residential 
sprinklers. The work concluded that activation time was not significantly affected based on the 
obstructions examined, however “dry spots” were observed in the distribution testing depending 
on the relative location of the sprinkler to the obstruction (ceiling fans). General guidance on 
separation was provided and confirmed during fire tests in which it was determined that “some 
distance does need to be maintained between ceiling fans and sprinklers, but an expected fire can 
be controlled even with the fan in place and running.” [23] 

In 2007 approximately 100 Actual Delivered Density (ADD) tests using K-14 pendent sprinklers 
with different size joists and bridging members with a variety of horizontal and vertical offset [26] 
was conducted which led to changes in the prescriptive codes. However, this work was not 
extended at the time to full scale fire tests.  

During the mid 2010’s FPRF funded work examining the impact of obstructions on ESFR’s. Eight 
full scale fire tests and 40 ADD tests were conducted and the work concluded in general objects 6 
inches (0.1524 m) and smaller offset by a minimum of 6 inches (0.1524 m) and 12 inches (0.3048 
m) or more from the sprinkler had minimal impact, while increasing the obstruction size or 
decreasing the horizontal or vertical offsets affected performance [25]. In general however only 
very specific guidance was obtained from the testing for a narrow range of scenarios. [19] 

In 2013 Floyd et. al examined sprinkler response with cloud ceilings and determined that based on 
the gap between cloud panels that sprinklers could be omitted at the ceiling if the ceiling was non-
combustible and sprinklers were installed beneath each panel [27]. While not identical to 
obstructions the inference from the work is that there are clear spacing ratios in which activation 

would and would not be affected based on the size of the obstruction and clearance between them. 

3.3.3 Numerical Modeling 
Very limited published information exists regarding modeling of obstructed sprays. Valentine et 
al. included modeling in the residential study which was limited in scope and in which they 
concluded that the modeling needed improvement, though the results were reasonable in 
comparison to the experiments. In 2018 FM Global conducted a study to see the effects of 
obstructions on non-sloped ceiling with both quick- response, ordinary temperature (QR/OT) and 
standard-response, high temperature (SR/HT) sprinklers. The study used both numerical modeling 
and large-scale testing to further the guidance provided in FMDS 2-0 [28]. Using the modeling 
tool FireFOAM to assess the effect of purlins and girders in All Metal Building Structure (AMBS). 
The study looked at both fast and slow growing fires. From the testing and modeling FM Global 
proposed a number of changes to FMDS 2-0 including specific criteria related to purlin depth and 
sprinkler location with respect to the purlins. For purlins greater than 18 inches (0.4572 m) FM 
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Global recommended to install vertical barriers to close the channels reducing biased sprinkler 
activation pattern [29].   

Prior to 2016, NFPA 13 [31] did not provide guidance for sprinkler installation requirements for 
“cloud” ceiling and engineers relied on the intent of provisions for “Open-Grid Ceilings” for 
installation guidance. FPRF initiated a project to obtain an understanding of how cloud ceiling 
panels impact sprinkler actuation thresholds with an overall goal to provide the technical basis for 
sprinkler installation requirements.  A Phase I numerical modeling study [3] to investigate the 
effectiveness of sprinklers on large area clouds was conducted.  The study concluded that where 

the clouds are level and co-planar, sprinklers can be omitted on the structural ceiling if:  

• The gap between a wall and any cloud is less than or equal to 1 inch (0.0254 m) of gap 

per foot of ceiling height, or  

• The gap between any two adjacent clouds is less than or equal to 1 ¼ inch (0.03175 m) 

of gap per foot of ceiling height.  

Again, while this work is not directly related to spray sprinklers the activation impacts and plume 

affects may be similar. 

Thus, as can be seen there are relatively few published studies that directly relate to the evaluation 
of obstructions on sprays either via modeling or experimental studies. Most of the guidance that 
has been developed has come largely through anecdotal information, common sense, or driven by 

fire losses and the identification of spray obstruction as an issue. 

3.4 Impact of Obstructions on Sprinkler Performance  
The impact of obstructions on spray sprinklers can be placed into two broad categories (1) 
Activation, and (2) Water Discharge and Distribution.  A conceptual illustration of the impact of 

obstructions on activation, water discharge, and ADD is shown in Figure 8. 

 

Figure 8 – Conceptual illustration of Impact on Activation and ADD with and without 
Obstructions  

It is generally understood that a sprinkler can only be effective if it activates and that its level of 
effectiveness is time-dependent, as a delayed activation may result in a larger than intended HRR 
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at the time of activation.  Similarly, a sprinkler will only suppress/control a fire if water reaches 
the surface of the burning fuel source, and its level of effectiveness is density-dependent.  

The primary heat transfer mechanisms for sprinkler activation are convective and radiative heat 
transfer, Figure 8. In the unobstructed case, convective and radiative heat exposure to the sprinkler 
is transparent and therefore its response (activation time) can be relatively well predicted. 
Similarly, in the unobstructed case the characteristics of the spray pattern are well known (as 

illustrated in Figure 8, and therefore the ADD is generally predictable.   

  

Figure 9 - Figure A.8.5.5.1 extracted from NFPA 13 (2016) Obstructions to Sprinkler 
Discharge Pattern Development for Standard Upright or Pendent Spray Sprinklers (© 

National Fire Protection Association) 

With obstructions present both activation and water discharge and delivery can be affected. For a 
given sprinkler/spray pattern the level of impact is related to the characteristics of the obstruction 
(or group of obstructions) and their proximity to the sprinkler.  Generally speaking, the greater the 
size of the obstruction and the closer the proximity to the sprinkler, the greater the impact on 

activation and water discharge.  

Other than the studies identified in the previous sections little published information is available 

examining the impact of obstructions on activation or suppression. 

3.5 Impact of Multiple Adjacent Obstructions 
The concept of repeated or numerous objects in close proximity, which individually may not be 
considered obstructions, but collectively may have an impact on the spray distribution has not been 
examined in the peer-reviewed literature, however initial work by FRA has begun to examine and 
compare the impact of single vs. multiple obstructions on the delivered density and the preliminary 
work indicates that repeated obstructions, even with separation distances similar to the obstruction 
width, may result in a delivered density that is nominally the same as a single obstruction the size 

of the combined obstructions, Figure 10.
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Figure 10 - Impact of single and multiple obstructions on a k5.6 spray sprinkler operating at 25 psi.  

Obstacles offset nominally 20” below and 20” to the right of the deflector. 
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4.0 GAP ANALYSIS 

Knowledge gaps pertaining to the impact of obstructions on spray sprinkler performance exist in 
two key areas, (1) Fundamentals of Sprinkler-Obstruction Interactions, and (2) Installation 
Guidance.  

4.1 Fundamental Understanding of Sprinkler/Obstruction Interactions 

As discussed in Section 3.4 obstructions can impact the activation time and water discharge of a 
sprinkler.  All testing and numerical modeling to date, as discussed in Section 3.3, have studied 
uniform arrays or simple obstruction geometries. Where in reality, many obstruction 
configurations (and combination of obstructions) exist that fall outside the scope of prescriptive 
codes.   

The number of unique types, combinations, and configurations of obstructions is plentiful, and it 
is not practical for prescriptive codes to address all potential scenarios. Therefore, adoption of a 
performance-based framework is needed.  A fundamental understanding of the dynamics of how 
sprinklers interact with obstructions is required to help develop objectives for future prescriptive 
and performance-based code provisions.  Fundamental knowledge gaps include: 

a. Impact of changes in sprinkler pressure and K-factor on spray patterns 

b. Impact of multiple adjacent smaller objects that are typically not classified as 
obstructions or require following of obstruction criteria 

c. More comprehensive information on the impact of obstructions (i.e. blockage ratio, 
shadowing, etc.)  

d. Impact of obstructions on subsequent sprinkler activation times 

e. Performance of sprinklers in obstructed spray configurations (i.e. what level of 
“blockage” is acceptable) 

f. Impact of sprinkler skipping 

 

4.2 Guidance on Sprinkler Protection when Obstructions are Present 

In addition to gaps related to fundamental understanding are those related to the guidance that is 
offered in the current standard and its relation to actual performance. These can be largely 
summarized as follows: 

a. Linkage between guidance and actual sprinkler performance 
b. Consistent guidance throughout the various obstruction criteria and NFPA 

standards (i.e. residential vs. non-residential applications) 
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5.0 RESEARCH PLAN AND NEXT STEPS 

The research plan is designed to yield as comprehensive a set of guidance as possible recognizing 
that field variations and design scenarios are always changing. Thus, the intent is to create a plan 
that provides for simple guidance to address the most commonly encountered scenarios but also 
provides a framework for addressing scenarios that may fall outside of the norm. Ideally a 
combination of prescriptive solutions and a framework for a performance-based approach will be 
derived. In addition, the research plan is designed to maximize the information that is able to be 
obtained given a finite set of resources.  

One of the primary goals of the research plan will be to develop a methodology or set of rules to 
classify an obstruction into one of three categories: 

1. Negligible – an obstruction/spray configuration that has negligible impact on both 
sprinkler activation and water discharge (Actual Delivery Density).    

2. Impactful – an obstruction/spray configuration that has a clear impact on either sprinkler 
activation or water discharge (Actual Delivery Density). Example – continuous 
obstruction 4 feet wide or more. 

3. Questionable – an obstruction/spray configuration that is neither “Negligible” or 
“Impactful” and the impact of which needs to be determined through an engineering 
analysis.  

The proposed research plan is comprised of three main components, (1) Sprinkler Spray 
Characterization, (2) CFD Modeling, and (3) Testing (cold and hot). The intent of the plan is to 
examine expanded obstruction configurations via modeling and cold flow testing to set 
thresholds and to use these to inform and fire testing that may take place. The modeling and cold 
flow testing will allow for enhanced scenario evaluation and ensure that the broadest set of 
conditions are able to be analyzed. 

Figure 11 provides an overview of the proposed research plan highlighting the interdependencies 
of each step of the plan.   

5.1 Spray Characterization  

It is proposed to characterize four sprinklers at two pressures each using the Spatially Resolved 
Spray Scanning System (4S). This method has been successfully used to characterize sprays in 
numerous other research efforts in which sprinkler spray modeling has been required. The 4S 
will be used to provide spray characterization data (droplet size, velocity, volume flux, and 
delivered density) for the selected sprinklers.   

It is proposed to choose three different K-factor sprinklers and to characterize them at two 
pressures, one pressure towards the lower limit of the operating range and the other at the higher 
end of the operating range. The final sprinkler will be an identical K-factor sprinkler but from a 
different manufacturer to examine whether any model specific differences are observed in the 
spray pattern. The results of the spray characterization will show the impact of K-factor and 
pressure on characterization and water distribution and plots showing baseline performance will 
be provided.  The data collected from the 4S effort will be used as input into the CFD modeling 
effort.  
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  Figure 11 – Flowchart of Proposal Research Plan 

5.2 CFD Modeling 

FRA proposes to perform up to 50 obstructed sprinkler simulations with varying obstruction 
scenarios. Variables will include obstruction type (continuous and noncontinuous) and obstruction 
proximity.  Bounding conditions will be used, from no obstructions (baseline) up to a large 
continuous obstruction (greater than 4 feet (1.2192 m) wide).   

The intent will be to examine the impact of single obstructions of various sizes in proximity to the 
sprinkler as well as repeated or numerous obstructions in close proximity to each other to ascertain 
how the spray behaves in these configurations. The modeling will begin with a baseline 
unobstructed case at various pressures, Figure 12, and continue to build in more obstructions until 
the flow is determined to have an unacceptable percent blocked (this threshold will be established 
in conjunction with the technical committee).  

Similarly, hot-flow (fire) simulations will be used to study the impact of obstructions on sprinkler 
activation times and to examine whether activation at the ceiling is delayed if sprinklers beneath 
the obstruction are in place and activate first.  Results of the modeling effort will inform the testing 
effort. 

The exact modeling matrix will be determined in conjunction with the technical committee but 
will examine the parameters that affect both activation and delivered density. Figure 13 provides 
an overview of the spacing and sizing parameters that would be explored in the modeling and 
Table 1 provides a test matrix showing the proposed parameter space to be explored. As can be 
seen from the figure the individual obstruction size, Wi, the spacing between obstructions, Ws if 
more than one, the total width of the obstruction(s), WT, and the standard A and B factors, will 
impact the spray and activation times for a ceiling level sprinkler. It is anticipated that output 
similar to the visuals shown in Figure 10 will be produced for each spray simulation and that slice 
files showing the impact on the plume will be provided for activation impact. 
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In the event a sprinkler is included below the obstructions its activation time will be compared to 
that of the ceiling level sprinkler to determine what if any delay may occur.  

 
Figure 12 - Example spray patterns for identical K-factor sprinklers from different 

manufacturers operating at 35 psi 

 

 
Figure 13 – Schematic of spacing and sizing parameters for obstructed spray modeling 
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Table 1 Proposed CFD Test Matrix Parameters 

 

5.3 Cold Flow Testing 

FRA proposes to conduct a reduced set of cold flow testing that will be based on the cold flow 
modeling results. FRA will perform testing for up to 20 different cold flow configurations. The 
testing will take place in the 4S apparatus or suitable alternative location and a physical mockup 
of selected obstruction criteria will be examined based on the results from the CFD modeling.  

Floor level density data along with visual data will be collected to determine the impact of the 
obstructions and for comparison with the model predictions. In addition to floor level data it is 
anticipated that figures similar to Figure 14 will be able to be constructed that will enable the 
evaluation of sprinkler blockage as a function of location relative to the obstructions. Thus, the 
spray will be “overlaid” on the blockage with any spray blockage being dictated by the specific 
spray pattern. 

 

 
Figure 14 - Blockage of sprinkler spray based on standoff distance and slope [1] 

5.4 Fire Testing 

Finally, fire testing is proposed to be conducted in a third phase as necessary based on the results 
of the CFD and cold flow testing. The results from the proposed phase two work will ideally limit 
the number of tests that may be required such that the primary focus will be on “grey” areas in 
which guidance isn’t clear or the bounds may be pushed. At this stage sufficient research gaps still 
exist such that a fire test plan would be premature. 

K-Factor 5.6 8
Modeling Parameters Sprinkler 1 2 3 4
Baseline Unobstructed 15, 35

A (in) = 0, 6, 12, 18, 24, 30, 36, 42, 48, 54, 60, 66, 72
B (in) = 0, 6, 12, 18, 24, 30, 36, 42, 48, 54, 60, 66, 72
Wi (in) = 2, 4, 6, 12, 18, 24, 30, 39
WS (in) = 0, 1/4 Wi, 1/2 Wi, 1 Wi, 1.5 Wi, 2 Wi

NA

11

Pr
es

su
re

 (p
si)

15, 35 WT = 12, 18, 24, 30, 36, 48, 60
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6.0 CONCLUSION 

Based on the literature review it has been demonstrated that most of the guidance that presently 
exists within NFPA 13 regarding obstructions has been developed in an anecdotal fashion 
throughout the years. While the simple principle and understanding that obstructions can impact 
sprinkler activation and spray patterns, minimal quantitative work has been done to examine the 
full parameter space in a meaningful and useful manner.  

Given the limitations in the fundamental understanding of the sprinkler/obstruction challenge it is 
recommended that a research program be undertaken to begin to quantify the impacts that 
obstructions play on spray sprinklers. A well-planned research program will enable the technical 
committee to evaluate what impact obstructions have and to ultimately determine what level of 
performance alterations are acceptable. Ideally a more comprehensive prescriptive rule set can be 
defined along with a clear framework for addressing challenges outside of those addressed by the 
rule set.  
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