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ABSTRACT 

 

 

Stairwells are essential to occupant exiting from tall (high-rise) buildings. In order to 

maintain tenable environments in the stairwells, modeling building and fire codes allow the 

use of a stair pressurization system to pressurize the shaft in order to keep smoke and toxic 

gases from entering the exit stairwell. Thus, allowing building occupants to exit the facility in 

a safe manner. Model building and fire codes require that stair pressurization systems are sized 

for all stairwell doors being closed, when during an actual emergency one or multiple doors 

could be open for various periods of time during a building evacuation. This research project 

will look at the impact of open stairwell doors on the stair pressurization system fan size based 

on experimental criteria reported in two American Society of Heating Refrigerating and Air-

Conditioning Engineers (ASHRAE) projects, RP-1203 and RP-1447, along with some 

additional modeling methods.  
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CHAPTER 1 

INTRODUCTION 

 

High-rise buildings are becoming more and more common in cities where land is 

expensive or in high demand/short supply. High-rise buildings present a challenge from a fire 

safety perspective. They are often taller than the fire department ladder trucks can reach for 

rescue operations and they require additional time for evacuation due to the height of the 

building. High-rise buildings require protected exit stairwells for evacuation during an 

emergency. Due to the additional egress time, the building and fire codes require an additional 

level of protection for exit stairwells in high-rise buildings. The International Building Code 

(IBC) and National Fire Protection Association (NFPA) Standard 92 – Standard for Smoke 

Control Systems, which are adopted in some form in all 50 states, require stairwells in high-rise 

buildings to be fire and smoke protected by means of a separate vestibule or a pressurization 

system.  

Stair pressurization systems are a method of maintaining tenable conditions within exit 

stairwells during a building fire. Tenability is a measure of an environment in which heat and 

smoke are limited or otherwise restricted to maintain the impact on occupants to a level that is 

non-life threatening [1]. Stair pressurization is usually accomplished through mechanical fans 

that positively pressurize the exit stairwell to prevent smoke and other products of combustion 

from migrating into the space. Current building and fire codes and associated reference 

standards have prescribed minimum and maximum pressures differentials to be maintained 

across closed stairwell doors to provide an acceptable level of tenability for building occupants. 

The minimum pressure differential is designed to limit smoke migration into the stairwell. The 
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maximum pressure differential is designed to limit door opening forces into the stairwells as 

well as overcoming stack and wind effects [2]. Stack effects and wind effects are two additional 

factors that will affect stair pressurization systems. Stack effect is the vertical airflow within 

buildings caused by the temperature-created density differences between the building interior 

and exterior or between two interior spaces [1, 3]. Wind effect plays a role when the stairwell 

construction is leaky or non-tight and allows exterior air (temperature and pressure) to affect 

the smoke movement within a building or stairwell [3]. Open exterior stairwell doors also allow 

wind effect to impact the stair pressurization system.   

During a fire event, stairwell doors on one or multiple levels may be open at any given 

time as occupants exit the building. As doors open and close, the pressure within the stairwell 

and the differential pressure across the doors fluctuates. Pressure compensating systems, 

controlled through pressure system monitors, provide a varying level of airflow to maintain a 

constant pressure within the stairwell adjusting to the number and location of open and closed 

doors. Non-compensating systems utilize a constant volume fan that provides a single airflow 

rate for stair pressurization regardless of how many doors are opening or closing.  

Stair pressurization systems can be designed with single injection or multiple injection. 

Single injection systems utilize one air injection point usually though a single pressurization 

fan located at the top of the stairwell shaft. Multiple injection systems utilize several air 

injection points located at various points/floors in the exit stairwell shaft.  

This project will simulate various stair pressurization systems in a ten-story model 

building using three different modeling techniques to investigate stair pressurization fan size. 

The three techniques are IBC/NFPA 92 model calculations, zone modeling and field modeling. 
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IBC/NFPA 92 model calculations consist of a prescriptive methodology to determine a 

required airflow to achieve pressurization for a stairwell. These model calculations have the 

advantage of being cost effective and can work for simple geometrically designed stairwells. 

However, complex geometries and dynamic parameters, such as open doors and wind effects 

as well as smoke/heat movement are not accounted for in the IBC/NFPA 92 model calculations. 

Zone models are simple computer models originally developed for room or 

compartment fires, in which a bigger room or compartment is divided into separate zones. The 

most common is a two-zone model, which is divided into a hot upper layer (smoke and toxic 

gases) and a cold lower layer (usually fresh air). Although zone models originated as simple 

models, they have been expanded to include multiple zones or compartments. These models 

are based on the conservation of mass and energy within the room or compartment. Popular 

zone modeling software often used in the fire protection engineering industry include 

CONTAM, CFAST and ASMET. All three were created by the National Institute of Standards 

and Technology (NIST). 

Computational Fluid Dynamics (CFD) models (also called field models) are currently 

the most advanced models used in fire/smoke modeling. They utilize three-dimensional 

geometries built from a rectilinear mesh to predict fire growth and smoke movement within a 

building or compartment. CFD models solve fluid flow, heat transfer and associated 

phenomena numerically using a form of the Navier-Stokes equations appropriate for low-

speed, thermally driven flows, placing an emphasis on heat and smoke transport from fires. 

Depending on the size and complexity of the rectilinear mesh, these equations can be solved 

for a very large number of points within the model and provide excellent output parameters 

which can be analyzed as required.   
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CHAPTER 2 

LITERATURE REVIEW 

The International Building Code (IBC) and the National Fire Protection Association 

(NFPA) – Standard 92 are code/standards that provide requirements for stair pressurization 

systems. These requirements will be discussed along with topics such as the history of stair 

pressurization systems, pressure differential requirements, multiple injection versus single 

injection systems, and stair pressurization system challenges. Two research projects, RP-1203 

and RP-1447, sponsored by the American Society of Heating, Refrigerating, and Air-

conditioning Engineers (ASHRAE) that focused on stair pressurization systems will be 

discussed in detail as they serve as part of the basis for the current research project.  

International Building Code Requirements 

The 2018 edition of the International Building Code (IBC) is a “model code that 

provides minimum requirements to safeguard the public health, safety and general welfare of 

the occupants of new and existing buildings and structures” [4]. It is published by the 

International Code Council, which also publishes a full library of codes designed to work with 

the IBC, that cover various topics such as plumbing, electrical, mechanical, structural and life 

safety systems. This is the mostly widely adopted building code in the United States and it is 

also adopted internationally. The focus of the IBC for this project is related to high-rise 

buildings and the provisions/requirements for stair pressurization systems. The IBC defines a 

high-rise building as “a building with an occupied floor located more than 75 ft (22.86 m) 

above the lowest level of fire department vehicle access” [3]. As discussed in Chapter 1, these 

buildings present several fire safety challenges. IBC section 403 covers specific requirements 

for high-rise buildings that address these challenges. Section 403.3.5.4 requires that every 
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interior exit stairwell serving floors “more than 75 feet above the lowest level of fire 

department vehicle access shall be a smokeproof enclosure” meeting the requirements of 

sections 909.20 and 1023.11 [3]. These two sections specify two options to protect the exit 

stairwell in a high-rise building: 1) Provide a stair pressurization system or 2) Provide a 

pressurized vestibule between the corridor and the exit stairwell. This project focuses on the 

use of a stair pressurization system.  

IBC section 909.20.5 allows for a stair pressurization system to be utilized in lieu of a 

pressurized vestibule when sprinkler protection is present in the facility. When using the stair 

pressurization system option, the stairwell shaft must be pressurized to “not less than 0.10 

inches of water (25 Pa) and not more than 0.35 inches of water (87 Pa) in the shaft relative to 

the building measured at all interior exit stairway and ramp doors closed under maximum 

anticipated conditions of stack effect and wind effect” [4]. The history of the minimum and 

maximum differential pressure limits will be discussed later in this chapter. The stair 

pressurization system is classified as a smoke control system by IBC section 909.6.3 and 

requires a rational analysis which is described in detail in Chapter 4. Additional requirements 

for the stair pressurization system such as power, routing and equipment ratings are also 

addressed in IBC section 909 [4].  

One additional IBC requirement that affects the stair pressurization system is the door 

opening force, the force required to push a stairwell door open. IBC section 1013.3 limits this 

to a 30 lb (133 N) force to set the door in motion and a 15 lb (67 N) force to swing the door to 

a full-open position [4]. 

The IBC does not specify whether the stair pressurization system should be a 

compensating or non-compensating system; nor whether the system should utilize single or 
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multiple injection. The Engineer of Record determines these design features on a case by case 

basis as part of the rational analysis process described in Chapter 4. 

NFPA 92 – Standard for Smoke Control Systems Requirements 

The 2018 edition of the National Fire Protection Association (NFPA) Standard 92 – 

Standard for Smoke Control Systems is a standard that addresses requirements for smoke 

containment and management systems. While the IBC defers to NFPA 92 for smoke exhaust 

system design, both IBC and NFPA 92 contain design requirements for stair pressurization 

systems, which vary slightly.  

Table 1 shows the minimum pressure differentials required by NFPA 92 at openings in 

exit stairwells. The minimum pressure differential required by NFPA 92 varies based on the 

ceiling height and whether the building has sprinkler protection or not.  

Table 1: Minimum Design Pressure Differences Across Smoke Barriers [1] 

 

The IBC requirement for minimum pressure differential is a constant 0.10 in. w.g. (25 

Pa) and does not vary with ceiling height; however, sprinkler protection is required by the IBC 
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if a stair pressurization system is utilized instead of a pressurized vestibule [4]. The IBC 

minimum pressure differential requirement of 0.10 in. w.g. (25 Pa) corresponds to a 9 ft 

(2.7432 m) ceiling in a non-sprinkler protected building in Table 1.  

This pressure differential is required to offset the pressure of smoke and hot toxic gases 

which would be driving into the exit stairwell through leaks and openings. The pressure 

difference in non-sprinkler protected buildings is calculated using Equation 1 below [1]: 

∆𝒑 = 𝑲𝒔 (
𝟏

𝑻𝑶
−  

𝟏

𝑻𝑭
) 𝒉 + 𝑭. 𝑺.     (1) 

Where 

Dp = pressure difference due to buoyancy of host gases, in. w.g. (Pa); 

TO = absolute temperature of surroundings, ⁰R (K); 

TF = absolute temperature of the fire compartment, ⁰R (K); 

h = distance above neutral plane, ft (m); 

Ks = coefficient, 7.64 (3,460); 

F.S. = Factor of Safety, in. w.g. (Pa). 

For this example: 

TO = 70⁰ F + 460 = 530 R (Assumes conditioned building is 70⁰ F) 

TF = 1,700⁰ F = 460 = 2,160 R (Assumes temperature of hot gases is 1,700⁰ F, which is 

approximately 1.5x hotter than flashover, where entire compartment will combust) 

h = 2/3 x 9 ft. = 6 ft. (neutral plane is assumed to be at 2/3 of the ceiling height) 

F.S. = 0.03 in. w.g. (assumed factor of safety) 

Using these values: 

 ∆p =  0.095 in w. g. ≈ 0.10 in w. g. (non − sprinkler protected buildings) 
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In a sprinkler protected building, water from the fire sprinkler will cool the hot gases 

limiting the temperature (TF) to 212⁰ F (672 R), assuming that the temperature of the air will 

be approximately the temperature of boiling water. Using a similar factor of safety (0.03 in. 

w.g.): 

∆p =  0.048 in w. g. ≈ 0.05 in w. g. (sprinkler protected buildings) 

NFPA 92 does not specify a maximum pressure differential across a stairwell opening. 

Rather, NFPA 92 section 4.4.2.2, defers to the local building code for the maximum force 

permitted to begin opening a door. For those jurisdictions that have adopted the International 

Building Code (IBC), this is a 30 lb (133 N) force to set the door in motion and a 15 lb (67 N) 

force to swing the door to a full-open position [1]. 

NFPA 92 requires that stair pressurization systems maintain the required pressure 

differentials across the stairwell doors with doors open or closed, which generally indicates that 

a pressure compensating system is required [1]. IBC, as noted above, does not require a 

compensating system but does require that the rational analysis be completed with all door 

openings in the stairwell closed [4].  

Pressure Differential Limits 

Differential pressures have been investigated for a number of years to determine the 

minimum pressure differential required to limit the spread of smoke from a floor/space with a 

fire across a barrier, be it an exit stairwell or just a barrier that is designed to limit smoke 

movement from one area of a building to another.  

Klote and Fothergill suggested that the pressure difference across a smoke barrier 

resulting from the buoyancy of hot gases be calculated to assist in preventing smoke movement 

[5]. For a stairwell shaft directly exposed to a fire, a minimum pressure differential of 0.08-
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0.10 in. w.g. (20 to 25 Pa) was recommended [5]. For a stairwell shaft remote from a fire, or a 

building with sprinkler protection, they recommended a smaller pressure differential. They 

reported maximum pressure differentials determined by the door opening forces indicated in 

the model building, fire and life safety codes which in most cases do not exceed 30 lb (133 N) 

to accommodate various type of individuals within a building. Klote and Fothergill also 

reported a fluctuation of 0.020 in. w.g. (5 Pa) across partitions or closed doors due to wind, 

HVAC system and other sources during testing [5]. 

Klote and Milke reported that pressure differences produced during activation of 

smoke control systems, including stair pressurization systems, will fluctuate due to wind, 

doors opening and closing and fan pulsations [3]. Short term deviations from the 

minimum/maximum required pressure differentials may not have serious effects on the level 

of life safety provided by the stair pressurization system but there are no defined values for 

acceptable tolerance in deviation size or length [3]. Many factors, such as tightness of 

construction and doors, fire size, and toxicity, will play key roles in pressure deviation. 

Multiple Injection vs Single Injection 

As discussed in Chapter 1, a single injection stair pressurization system utilizes a single 

air injection point in a stairwell shaft, often located at the top of the shaft. A multiple injection 

stair pressurization system utilizes several air injection points in a stairwell shaft. Single 

injection systems historically have been the most common type of stair pressurization system 

utilized in the United States. With zone, network and computational fluid dynamics (CFD) 

modeling becoming more prevalent, as well as an increasing emphasis on code enforcement, 

stair pressurization systems with multiple injection points are becoming more common.  



 

10 

 

Klote and Milke reported that “for tall stairwells, single injection systems can fail when 

a few doors near the air supply injection point are open” causing pressure differential issues at 

doors remote from the injection point [3]. They recommend careful design for “single injection 

stairwells in excess of eight stories” [3]. While some multiple injection stair pressurization 

systems have air injection points on every floor, Klote and Milke report that this may not be 

necessary in every situation. They recommend that injection points be located between three 

and eight floors apart [3]. Klote and Fothergill recommended a similar approach for injection 

points [5]. 

Tamura similarly reported that "the early stair pressurization systems in buildings were 

of single-injection type with a fan usually located at the top of the building.” [6]  He reported 

that challenges with single injection stair pressurization systems included excessive pressure 

differentials at the closed stairwell doors near the injection point (often at the top of the 

stairwell) and minimal pressure differentials at closed stairwell doors remote from the injection 

point (often the bottom of the stairwell.) [6]. To counter these issues, Tamura looked at multiple 

injection systems that would provide additional injection points in the stairwell to assist with 

better control of the shaft pressure at the doors in the stairwell when open doors were present 

[6]. Tamura reports that “in general it is desirable to uniformly pressurize the stairwell from 

top to bottom because a fire can occur on any floor” [7].  

Effect of Exterior Conditions 

Exterior effects such as temperature and wind have also been reported to impact stair 

pressurization systems, often through open windows or doors and through building infiltration. 

A detailed explanation of stack effect (related to interior and exterior temperature) is provided 

in Chapter 4. 
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Klote and Fothergill reported that while the impact of wind on tightly constructed 

buildings with closed doors and windows is slight, wind can have a greater impact on air 

movement within loosely constructed buildings and buildings with open doors or windows [5]. 

They also reported that the resulting airflows in loose buildings or buildings with open doors 

and windows are complicated and often require computer analysis [5]. In the specific case 

where a window is broken in the fire compartment, Klote and Fothergill reported that: 1) If the 

broken window is on the leeward side, the negative pressure from the wind will assist with 

venting the smoke from the fire, reducing smoke movement in the building but also reducing 

the pressure as well, and 2) If the broken window is on the windward side, the wind can force 

the smoke into other compartments on the same floor as well as other floors [5]. They also 

reported that in the cases where the broken window is on the windward side that the pressures 

induced by the wind can be large and easily dominate air movement throughout the space and 

building [5]. Klote and Forthergill also reported that air infiltration was studied in greater detail 

by Shaw and Tamura [8]. 

Shaw and Tamura developed and reported a method for calculating infiltration rates in 

a building caused by wind action alone [8]. In conjunction with wind tunnel testing, computer 

modeling was also used to develop procedures for calculating air infiltration rates. Shaw and 

Tamura reported that pressures imposed by wind and temperature differences, when in steady-

state, are distributed within a building such that air inflow and outflow from a compartment 

are equal [8]. For a given exterior condition, patterns of airflow path leakage and pressure 

differences depend on the flow resistance of the associated separations (exterior walls, shaft 

walls, floors and roof). They reported that the flow of air through a leakage opening is 

calculated using Equation 2 [8]: 
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𝑸 = 𝑪(∆𝑷)𝒏      (2) 

Where 

Q = airflow leakage rate, cfm (m3/s); 

C = flow coefficient, cfm/in. w.g.n (m3/s Pan); 

Dp = pressure difference, in. w.g. (Pa); 

n = flow exponent (0.5 ≤ x ≤ 1.0). 

Per Shaw and Tamura, using Equation 2, for each compartment in a building and with 

the values of the outside pressures will allow for all inside pressures to be solved iteratively 

[8]. They also reported that the results of this calculation method, when reviewed against 

computer modeling for several scenarios (10-, 20-, 30- and 40-story buildings) were in good 

agreement [8]. Shaw and Tamura noted that the results of the study would apply to most 

buildings other than those in a city center, where many other tall or large nearby buildings 

could affect the infiltration rate by as much as 60% from that of a building with limited 

exposures [8]. 

Stair Pressurization System Challenges 

Lay [9] provided real world insight into why some fire safety professionals have 

become critical of reliance on pressurization as the dominant form of smoke control in tall 

buildings. He indicates that an “estimated 35% of pressurization systems might fail to function 

as intended” [9]. Challenges for stair pressurization systems include issues in; 1) Design, 2) 

Commissioning, 3) Operation, and 4) Legacy.  

Design challenges include assumptions regarding airflow leakage paths as well as the 

number and location of open stairwell doors [9]. In the rational analysis process described in 

Chapter 4, designers make assumptions regarding open stairwell doors and the tightness of 
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construction. Changes during construction in any of these assumptions could greatly impact 

the stair pressurization system and the required pressure differentials at the stairwell doors.  

The commissioning process is utilized in construction to confirm the design intent of 

the system and to test the system against the design intent assumptions. There are various 

factors that can impact commissioning of a stair pressurization system including wind and 

temperature conditions, the season in which the project is completed (may not be the worst 

case for which the system was designed) and the quality of construction of the stair 

pressurization system, the building, and the exit stairwell. If the airflow leakage paths are 

more than what was assumed the stair pressurization system may not meet the pressure 

differential requirements.  

Challenges during operation include; the number of open stairwell doors (increase or 

decrease from the design intent), wind and temperature conditions and other unknown factors 

that may arise during an actual emergency.  

Legacy challenges include whether or not the stair pressurization system, exit stairwell 

and building are inspected, tested and maintained as originally designed. As these buildings 

change owners and age, often the systems are not maintained, and knowledge of the design 

intent is lost.  

Miller and Beasley reported that stair pressurization is completely feasible when 

elevator pressurization is not present in a building [10]. However, when an elevator 

pressurization system is present, there are large pressure differential issues across elevator and 

stairwell door openings. It is very common for high-rise buildings to have elevators for normal 

travel between floors. Similar to stairwells, there are options in the IBC to either pressurize the 

elevator hoistway or provide a lobby. With most elevators, it is more common that the lobby 
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option is used, but elevator hoistway pressurization systems are still sometimes utilized. As 

Miller and Beasley reported, additional studies, calculations or simulations are required when 

sizing the pressurization fans for the stairwell and the elevator hoistway as these systems 

greatly impact each other [10]. 

ASHRAE RP-1203 

The objective of ASHRAE RP-1203 was to numerically study the impact of open doors 

in stairwells with pressurization systems vis-a-vie tenability and smoke movement within the 

stairwell shaft [11]. There were two facilities modeled in this study; a seven-story building and 

a twenty-one-story building. The building layout was similar in nature to an apartment building 

or office (closed spaces with a common corridor). A range of exterior conditions (wind and 

temperature), airflow path leakages, design fire and location, and arrangement of open stairwell 

doors and elevator options were utilized to simulate a large number of scenarios for which the 

tenability criteria would be analyzed. Smoke transport simulations were completed using two 

modeling programs, CONTAM and CFAST. CONTAM is a network airflow program that has 

been utilized in the industry to simulate smoke management systems and is described in detail 

in Chapter 5. CFAST is a zone fire model which generally utilizes two zones (hot upper layer 

with fire by-products and lower cooler layer) to look at tenability conditions. Tenability 

conditions consist generally of evaluating visibility and toxic gases and heat effects. Visibility 

was calculated using Equation 3 [11]: 

𝑺𝒊 =
𝑲

𝟐.𝟑𝟎𝟑𝜹𝒎𝑪𝒊
                                                                    (3) 

Where 

Si = visibility at the end of interval i, ft (m); 
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K = proportionality constant (8 for illuminated signs, and 2 for non-illuminated signs); 

𝛿𝑚 = mass optical density, ft2/lb (m2/g); 

Ci = concentration of material burned in interval i, lb/ft3 (g/m3). 

For RP-1203, a visibility of 25 ft (7.62 m) or less was used as a measure of failure for 

obscuration. Similarly, a factional effective dose (FED) was used to confirm tenability. The 

FED calculation is provided in Equation 4 [11]: 

𝑭𝑬𝑫 =
∑ 𝑪𝒊∆𝒕𝒏

𝒊=𝟏

𝑳𝑪𝒕𝟓𝟎
                                                                 (4) 

Where 

FED = fractional effective dose at the end of interval i, (dimensionless); 

Ci = concentration of material burned in interval i, lb/ft3 (g/m3); 

Dt = time interval, min (min); 

𝐿𝐶𝑡50 = lethal exposure dose from test data, lb ft-3 min (g m-3 min). 

Tenable conditions were met if FED was calculated at less than 0.5. Between 0.5 and 

1, conditions became incapacitating and a FED value above 1 was untenable. 

The simulations were carried out using both summer and winter conditions as well as 

various wind speeds to determine their impacts on the stair pressurization system. Results of 

these simulations provided the following conclusions: 

• With the “stairwell door closed on the fire floor, the stair pressurization systems 

studied in this project can be expected to maintain tenable conditions inside the 

stairwell for the sprinklered and shielded fires” [11]. 

• The stairwell door on the fire floor “needs to be closed for proper operation of 

the stair pressurization system” [11]. 
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• In the sprinklered or shielded simulations, conditions were tenable in the stair 

when the fire floor stairwell door was open. 

• Stack effect and reverse stack effect played a part in stairwell tenability. 

• Wind effects can play a role in the stairwell conditions. 

• When the exterior stairwell door was open, it had “significant” positive impacts 

to visibility and tenability. 

• The two modeling programs have limitations regarding the transport of smoke 

due to fire in this type of building. 

The final RP-1203 report indicated that tenable conditions were maintained in the 

stairwell for sprinklered fires with all stairwell doors closed and for un-sprinklered fires with 

both the stairwell door on the fire floor open and the exterior door open [11]. This report did 

not address the more typical situation in which the door on the fire floor is closed and other 

doors in the stairwell are open. Additionally, RP-1203 did not address pressure compensating 

systems with an open door on the fire floor but did indicate that untenable conditions were 

found when simulating this same situation with a non-compensating system. 

ASHRAE RP-1447 

Based on the results of RP-1203 and an increase in high-rise building construction, 

ASHRAE decided to further expand research for stair pressurizations systems with open doors 

through a new study, RP-1447, Performance of Pressurized Stairwells with Open Doors. This 

study consisted of full-scale fire testing performed in a ten-story fire test facility owned by the 

National Research Council of Canada (NRC). The intent of the study was to determine the 

performance of stair pressurization systems “with and without pressure compensation”. [7]  

Additional considerations included fire scenarios with and without sprinkler protection 
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including a shielded fire as well as multiple scenarios with open stairwell doors. A shielded 

fire is a situation where an obstruction exists between the sprinkler and the fire. Criteria for the 

minimum and maximum pressure differentials at the stairwell doors was specified from the 

International Building Code (IBC) and National Fire Protection Association (NFPA) – 

Standard 92 as discussed earlier in this chapter. 

Unlike RP-1203, RP-1447 included a full-scale fire as part of the experimental testing. 

Two fire scenarios were utilized in the testing including: 1) A 633 kW (600 Btu/s) shielded 

fire; and 2) A 4,326 kW (4,100 Btu/s) non-sprinklered fire. 

The ten-story fire test facility utilized is located in Mississippi Mills, Ontario. An 

example of the standard floor plan is provided below in Figure 1.  

 

Figure 1: Typical Floor Plan of the NRC Building 

The typical floor height is 7.9 ft (2.4 m) except on the first and second floors which are 

11.2 ft (3.4 m). The facility is mainly concrete and has been utilized in many previous studies 

completed by the NRC. The service testing area noted above is used for observation but was 

not included in the testing [7]. The stairwell shaft is equipped with a typical staircase and 
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includes an exterior door at grade. The “joints in the concrete structure were sealed to minimize 

uncontrolled air leakage”. The leakage for the entire facility was set to simulate a building with 

average airflow path leakage. The facility HVAC system was designed to handle single and 

multiple injection systems in the stairwell to test pressurization. 

Tenability criteria was measured during the full-scale fire testing at various points 

throughout the building to confirm if occupants in the exit stairwell could exit the facility 

during an emergency. Similar to RP-1203, temperature, visibility and fractional effective dose 

(FED) were utilized as the basis for tenability. These items were discussed above in the 

discussion on RP-1203.  

Experimental Test Criteria/Information 

Four tests from RP-1203 were selected (similar winter conditions and open-door 

configuration) for experimental testing in the ten-story facility as part of RP-1447 to assist with 

additional validation of the RP-1203 results  [7]. Additional experimental tests reported in RP-

1447 were performed to look at other situations with multiple open stairwell doors, open 

exterior stairwell door and open stairwell doors at remote points of the stairwell, as well as 

single and multiple injection stair pressurization systems. These experimental test details are 

explained further in Chapter 6. 

RP-1203 “did not provide details for the stair pressurization system used in the 

simulations including the air injection arrangement, air injection rate and pressure differences” 

[7]. RP-1447 indicates that these are all critical components of this study. RP-1447 utilized 

two air injection arrangements; 1) Single injection through a fan at the roof level, and 2) 

Multiple injection with pressurization vents at every level of the stairwell. 
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The researchers started experimental testing with a baseline simulation with all 

stairwell doors closed. They reported that injecting air at a rate of 170 cfm (0.08 m3/s) at each 

level “provided smoke spread results comparable to those in RP-1203” [7]. This system 

provided the minimum pressure differential across all stairwell doors and was the basis of 

design for all of the experimental test cases in RP-1447. 

Results & Conclusions 

In general, RP-1447 reported similar results to those reported in RP-1203. Both studies 

reported untenable conditions when using a non-compensating system with an open stairwell 

door on the fire floor [7].  

RP-1447 also reported the following: 

• Pressure differences across the stairwell doors were affected by the number 

and locations of open doors as well as the air supply injection arrangement. 

• A single open stairwell door could reduce the pressure differential across the 

stairwell enclosure to below the minimum required 0.1 in. w.g. (20 Pa). 

• Opening doors near the bottom of the stairwell (either to the interior of the 

building or the exterior) was “particularly significant”. 

• Multiple doors open at the top or the bottom of the stairwell resulted in the 

greatest decrease in pressure differential. 

• “Pressurizing systems with multi-injections are more effective than those 

with a single injection in preventing smoke migration into the stairwell.” 

• Pressure compensating systems are not needed for the following conditions: 

1) For the fire scenario used in the experimental test (fire located on second 

floor in winter condition); 2) When the stairwell door on the fire floor is 
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closed; 3) For a stairwell with multiple air injection; and, 4) Both sprinklered 

and non-sprinklered buildings. 

• Single injection systems are not adequate for maintaining uniform pressure in 

an exit stairwell shaft without compensating for open doors, especially in 

situations where higher temperatures and buoyant pressures occur near the 

stairwell door. 

RP-1447 reported that further research is required regarding the effectiveness of 

compensating systems for scenarios where the stairwell door to the fire floor is open.  
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CHAPTER 3 

MODEL CALCULATIONS  

The International Building Code / NFPA Standard 92 

The International Building Code (IBC) has been adopted in some form in all 50 states 

and provides minimum requirements for the construction of commercial buildings. It contains 

fire safety requirements for different types of buildings based on the occupancy (primary use 

of the building or a portion of the building), type of construction (structure and materials used 

in the building) and the height and area of the building. Based on these criteria, there are a 

number of fire safety requirements including fire alarm systems, fire sprinkler systems, number 

of exits and construction materials that can be utilized within the building.  

The current research project focuses on high-rise buildings, which are defined as “a 

building with an occupied floor located more than 75 feet above the lowest level of fire 

department access” [4]. These are tall buildings and while the buildings do not normally have 

a large floor area per story, there is a longer egress time spent in the exit stairwell to traverse 

the large number of stories.  

IBC sections 403.5.4, 909.20 and 1023.11 provide the requirements for the two options 

that can be used to protect exit stairwells in high-rise buildings from filling with smoke. One 

option is to provide a separate vestibule between the floor and the exit stairwell. The other 

option is to provide a stair pressurization system. The pressurization system is the most 

common design option utilized in the United States for exit stairwells in high-rise buildings.  

Stair Pressurization Systems 
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Stair pressurization systems utilize fans to provide mechanically driven fresh airflow 

into the exit stairwell in order to pressurize the entire stairwell shaft and prevent smoke, heat 

and/or toxic gases from migrating into the stairwell during a fire emergency. The National Fire 

Protection Association (NFPA) 92 – Standard for Smoke Control Systems defines a pressurized 

stairwell as “a type of containment smoke control system in which stairwell shafts are 

mechanically pressurized with respect to the fire area, with outdoor air to keep smoke from 

contaminating them during a fire incident” [1].  

IBC 909.20.5 addresses the specific requirements for stair pressurization systems 

including that each exit stairwell shall be “pressurized to not less than 0.10 inches of water and 

not more than 0.35 inches of water in the shaft relative to the building measured with all interior 

exit stairway” doors closed under maximum anticipated conditions of stack effect and wind 

effect [4]. The IBC additionally references NFPA 92 for design and installation criteria for 

stair pressurization systems.  

NFPA 92 Table 4.4.2.1.1 requires a minimum pressure differential of 0.05 in. w.g. 

(12.5 Pa) in a sprinklered facility regardless of ceiling height. In a non-sprinklered facility, 

NFPA 92 requires a minimum pressure differential of 0.10 in. w.g. (25 Pa) for ceiling heights 

up to 9 ft (2.7432 m) and a greater pressure differential for ceilings above 9 ft (2.7432 m).  

As the IBC is often the adopted building code with highest order of precedence (for 

adopted model building and fire codes); the engineering industry typically utilizes 0.10 in. w.g. 

(25 Pa) as a minimum design pressure differential. There are instances where using a 

differential of 0.05 in. w.g. (12.5 Pa) is allowable. This project is based on the specifications 

in ASHRAE research project RP-1447, which required a pressure differential of 0.10 in. w.g. 

(25 Pa) between the exit stairwell shaft and the rest of the building. 
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Rational Analysis 

The IBC requires a rational analysis for all smoke control systems including stair 

pressurization systems. IBC section 909.4 and NFPA 92 section 7.2.2 specify the information 

required in the rational analysis. This analysis includes the following items: stack effect, 

airflow leakage paths, temperature effect, wind effect, type of HVAC system, duration of stair 

pressurization system operation, interaction with other systems (e.g. fire alarm system, 

building automation system, etc.), climate data (including different design criteria for summer 

and winter), elevation above sea level and other factors that would impact pressure within an 

exit stairwell shaft. The rational analysis provides a basis for determining the size of the stair 

pressurization fan and defines specific testing criteria for the commissioning of the stair 

pressurization system.  

Initial steps in the rational analysis include determining the average summer and winter 

temperatures, the prevalent wind direction and speed as well as the elevation above sea level 

for the building location. Next steps include calculating stack effect for summer and winter 

conditions to determine which condition is the worst case for sizing the stair pressurization 

fan. Additionally, airflow leakage paths, door opening forces and climate effects require 

analysis. A rational analysis typically includes other criteria that do not affect the stair 

pressurization system fan sizing such as the following items: type of HVAC system, duration 

of operation of the stair pressurization system and interaction with other systems (e.g. fire 

alarm system, building automation system, etc.). Some of these systems are described in detail 

in other sections of this report; some are not discussed because they are not applicable to this 

project. 
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Stack Effect  

Stack effect often plays a major role in the design of high-rise buildings due to the 

height of the building and the exit stairwell shaft. When it is cold outside, the warmer air in the 

shaft rises due to buoyancy effects because it is less dense than the cold air outside. This is 

called normal stack effect. This action draws cold air into the shaft through openings near the 

bottom of the shaft and pushes warm air out of openings at the top of the shaft. Reverse stack 

effect occurs when it is hot outside and the cooler air in an air-conditioned building causes a 

downward flow within the shaft, pushing air out of openings at the bottom of the shaft and 

drawing air into the shaft at the top of the shaft.  

 

Figure 2: Air Movement Due to Normal and Reverse Stack Effect [3] 

In an exit stairwell shaft, there is an elevation where the pressure inside the shaft equals 

the pressure outside the shaft at the same elevation. This is known as the neutral plane. 

Equation 5 is utilized to calculate the neutral plane height based on the difference between the 

temperature inside the shaft and the temperature outside of the building [4]. 

 
𝑯𝒏

𝑯
=

𝟏

𝟏+(
𝑻𝒔

𝑻𝑶
⁄ )

𝟏
𝟑⁄
                                                                    (5) 

Where 
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Hn = distance from the bottom of the shaft to the neutral plane, ft (m); 

 H = height of the shaft, ft (m); 

 Ts = absolute temperature of air in shaft, ⁰R (K); 

 To = absolute temperature of outside air, ⁰R (K). 

Based on the neutral plane height, the stack effect coefficient, (Dps), is calculated for 

each floor of the building for both winter and summer temperature conditions using Equation 

6 [13, 12]:   

∆𝒑𝒔 = 𝟎. 𝟓𝟐𝒑𝒃𝒉 [(𝟏
𝑻𝒐

⁄ ) − (𝟏
𝑻𝒊

⁄ )]    (6) 

Where 

Dps = theoretical pressure difference, in. w.g.; 

 pb = outside absolute (barometric) pressure, psi; 

 h = vertical distance from neutral pressure level, ft; 

 To = absolute temperature of outside air, ⁰R; 

Ti = absolute temperature of inside air, ⁰R. 

The stack effect coefficient with the maximum absolute value is then used along with 

other criteria described in this Chapter to size the stair pressurization fan. 

Fire Compartment 

Similar to stack effect in a shaft, a compartment fire also experiences pressure 

differences caused by stack effect [3]. When windows in the compartment are broken or open 

to the exterior and in significant temperature differences between the interior and the exterior, 

stack effect in a compartment can be a dominant driving force [3]. Equation 7 provides basis 
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for this stack effect calculation which can impact the exit stairwell through the compartment 

fire pressure difference: 

∆𝒑 = 𝟕. 𝟔𝟒 (
𝟏

𝑻𝒐
−

𝟏

𝑻𝒊
) 𝒉                                                           (7) 

where 

Dp = pressure difference, in. w.g.; 

 h = distance from neutral pressure level, ft; 

 To = absolute temperature of outside air, ⁰R; 

Ti = absolute temperature of inside air, ⁰R. 

Average Pressure Difference 

The average pressure difference can be defined as the “pressure uniform over the 

stairwell height that would results in the same total flow as a nonuniform pressure profile” 

[11]. The stairwell flow is calculated using Equation 8 [3]: 

𝑽 = 𝑵𝑲𝟎𝑨𝒆𝑪√𝟐∆𝑷𝒂𝒗
𝝆⁄     (8) 

where 

N = number of floors; 

𝐴𝑒 = effective flow area, ft2 (m2); 

C = flow coefficient = 0.65 generally, (dimensionless); 

∆𝑃𝑎𝑣 = average pressure difference across the effective flow area, in. w.g. (Pa); 

𝜌 = density of air, lb/ft3 (kg/m3); 

𝐾0 = 776 (1.00). 
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Leakage Airflow Path  

The next step in the rational analysis is to determine the leakage airflow path. Airflow 

path is a very important part of sizing the stair pressurization fan because it accounts for the 

airflow leakage rate which determines how much the pressure level drops in the exit stairwell 

shaft. The airflow path (leakage) calculation is based on the area of the exterior walls and the 

roof, the area of the exit stairwell shaft walls and roof, the areas of any other shafts and the 

area of the stairwell doors. A leakage factor is applied to each construction element listed 

above to account for constructability (gaps and/or cracks). Each construction element has a 

different set of leakage values, classified as loose, average or tight.  

Buildings constructed before the 21st century would likely to be classified as loose or 

average due to typical construction methods used during the time period. Due to the increased 

focus on energy conservation and additional focus by building and fire department inspectors 

on life safety features, most buildings constructed since that time would likely be classified as 

tight. Tight construction represents buildings that are sealed from the exterior and well 

insulated, usually with a foam-based insulation in the exterior walls with all cracks sealed and 

doors that are tight fitting with gasketing to keep hot or cold air from penetrating the building 

interior. The additional focus by building and fire department inspectors on life safety 

components includes ensuring that all fire rated exit stairwell wall penetrations are properly 

sealed. It also includes verification that fire rated doors are installed in accordance with codes 

and manufacturer guidelines. 

Doors (open or closed), windows (open or closed), and walls and their associated 

leakage play an important role in stair pressurization system design and fan sizing. Closed 

doors in an exit stairwell will have gaps at the bottom, top and sides of the door. The IBC has 
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several code requirements related to these fire resistant doors that are installed between the 

stairwell and the rest of the building [3].  It requires that the top and sides of the door have a 

maximum of 1/8 in. clearance between the door and the door frame. It also limits the clearance 

between the bottom of the door and the floor to a maximum of ¾ in. clearance (also known as 

the undercut). These requirements and the door size are taken into account when calculating 

the airflow area around each closed door in an exit stairwell.  

Walls in an exit stairwell shaft also present an airflow leakage area due to gaps and 

cracks that are not fully sealed. This leakage value represents the area of the leakage through 

the wall divided by the total wall area. Tighter constructed walls have lower leakage values. 

There is also an airflow leakage path through floors and roofs which is calculated in a similar 

fashion to that of walls. 

The leakage airflow path values utilized in IBC/NFPA 92 model calculations come 

from several studies including; Tamura and Shaw [14, 3] and Tamura and Wilson [13]. 

Tamura and Shaw found that pressure loss inside a stairwell shaft behaves “much like that 

caused by friction in a rectangular duct” [14]. These leakage values were determined by 

experimental tests with varying stairwell shaft material construction including cast in place 

concrete and concrete masonry units (CMU). By sealing door and window gaps and 

pressurizing the stairwell shaft, the researchers were able to determine an “airtightness value 

of the shaft wall construction” [15]. Researchers were then able to unseal the stairwell door 

gaps which yielded an overall “air tightness values of the shaft enclosure” [15]. Additionally, 

researchers reported that the differences in airflow path leakage values for varying stairwell 

shaft materials were not related to the material itself but rather the workmanship required to 

properly install the materials utilized [14]. Tamura and Wilson reported additional airflow 
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path leakage values at exterior walls and between floors based on experimental testing [13]. 

Standard leakage airflow path values utilized by the engineering industry are provided below 

in Table 2. 

Table 2: Typical Leakage Areas for Walls and Floors of Commercial Buildings. 

 

Table 3 indicates the leakage values reported in RP-1447 [7]. Researchers sealed all 

gaps/openings in the closed doors, exit stairwell shaft walls and exterior walls in the 

experiment to create controlled leakage within each element that is similar to the leakage 

requirements noted above in Table 2.  
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Table 3: RP-1447 Airflow Path Leakage Values 

 

As discussed in Chapter 6 below, the leakage airflow path values reported in RP-1447 

and in NFPA 92 were utilized in the Model Scenarios to determine their effect on stair 

pressurization fan size. There are no stairwell windows in this specific project, but these would 

follow similar guidance as the doors and walls within an exit stairwell shaft.  

Open Door Performance 

The main focus of RP-1447 and this current research project is to look at open door 

performance in the exit stairwells on non-fire floors and its effect on the stair pressurization 

system and fan size [7]. Klote confirmed in RP-1203 that an open exit stairwell door on the 

fire floor will result in untenable conditions in the stairwell shaft, which is why this scenario 

is not studied in RP-1447 or this project [11, 7]. IBC section 909.20.5 indicates that all stairwell 

doors are to be closed when performing the rational analysis [4].  

However, in the event of a fire, exit stairwell doors would be opening and closing as 

building occupants enter the exit stairwell shaft and exit the stairwell shaft to the exterior. 

When the stair pressurization system is activated, and exit stairwell doors open and close, the 

pressure differential between the stairwell and the rest of the building will fluctuate. Research 
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in RP-1203 reported that an open exit stairwell door on the fire floor will quickly lead to 

untenable conditions within the exit stairwell [11]. However, there has not been extensive 

research on the impact of open stairwell doors on non-fire floors as related to the stair 

pressurization fan size.  

In order to understand the results of RP-1203 and RP-1447; the flow area of an open 

door needs to be calculated. In RP-1203, RP-1447 and in this project, a standard door, 3 ft 

(0.9144 m) wide by 7 ft (2.1336 m) tall, is utilized for modeling and testing. Klote & Milke 

give two conditions for flow through an open door of this size: propped fully open and partially 

open with a person in the doorway [3]. A propped fully open door has an equivalent flow area 

of 21 ft2 (1.95096 m2). An open doorway, of the same size, with a person in it has an equivalent 

flow area of 10.5 ft2 (0.9754819 m2) [3]. Per Klote & Milke, this area is “taken as half of the 

area of the fully open door, allowing for the door being partly open and a person blocking part 

of the doorway” [3]. For testing purposes in RP-1447, it is not specifically stated which 

scenario is utilized; but in the rational analysis for this current project, the calculation is based 

on the “open doorway with person” scenario.  

Door Opening Forces 

Another important part of sizing the stair pressurization fan is determining the door 

opening forces on the exit stairwell doors. If the fan is oversized, building occupants will not 

be able to push the stairwell door open into the stairwell due to excessive pressure forces 

resulting from the stair pressurization fan. IBC section 1010.1.3 specifies the maximum 

allowable force for pushing or pulling an interior swinging egress door: “the door shall be set 

in motion when subjected to a 30-pound force” and “swing to a full-open position when 

subjected to a 15-pound force” [4]. This maximum force is further substantiated by the research 
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of Read and Shipp and is considered appropriate for most building types [3]. Limiting the 

maximum force to open an exit stairwell door ensures that building occupants will be able to 

open the door when the pressurization system is actively pressurizing the stairwell shaft. 

The force required to open a door into the stairwell is calculated using Equation 9 

below, which is derived by summing moments about the door hinge [3]: 

𝑭 = 𝑭𝒓
𝟓.𝟐(𝑾𝑨)∆𝒑

𝟐(𝑾−𝒅)
                                                                   (9) 

where 

F = total door-opening force, lb; 

Fr = Force to overcome the door closer and other friction, lb; 

W = Door width, ft; 

A = Door area, ft2; 

Dp = Pressure difference across the door, in. w.g.; 

d = Distance from the doorknob to the knob side of the door, ft. 

This equation assumes that the door-opening force is applied at the knob. Workmanship 

and the setting on the door closer can have a major impact on the force required to open a door 

once a building is in operation. If the building shifts and causes the door to rub against a frame, 

this can require additional force to open the door. 

Climate Effects 

The next step in the rational analysis is to determine climate effects on stair 

pressurization. Climate design information is provided in Chapter 14 of the 2017 ASHRAE 

Handbook: Fundamentals, which includes wind and temperature data for various locations 

[16]. NFPA 92 suggests using the 99.6% heating dry-bulb (DB) temperature and the 0.4% 
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cooling DB temperature for winter and summer conditions in the rational analysis [1]. NFPA 

92 also recommends using the 1% extreme wind velocity for design conditions [1]. Project RP-

1447 reports the temperature, wind speed and wind direction during the experimental testing; 

these same conditions were applied in this current project [7]. 

Klote notes that “wind can have a serious impact” on stair pressurization systems when 

an exterior door is open [17]. IBC/NFPA 92 model calculations have limited considerations 

for wind effects and it is recommended that computational model simulations be completed to 

fully understand wind impacts on stair pressurization systems. 

Stairwell shaft Temperature 

An important part of stack effect and the sizing of the stair pressurization fan is the air 

temperature of the stairwell shaft. The most common stair pressurization system designs in the 

United States involve injecting air from the exterior directly into the stairwell shaft without 

any conditioning due to cost and space constraints. If the injection air was conditioned, 

additional space would be needed in the building for an HVAC unit as well as more ductwork, 

power to the unit and other equipment that add cost to a project. By using non-conditioned air, 

engineers can use a fan and ductwork to inject air into the stairwell shaft with limited space 

requirements. Injecting non-conditioned air into a stairwell shaft impacts the stack effect. For 

example, in the winter condition it is common to heat the interior of the building to 72⁰ F (22.2⁰ 

C) for occupant comfort. Typically, the stairwell shafts are not heated to the same temperature 

as the building due to energy cost and the fact that they are not normally occupied for long 

periods of time. It is likely that the temperature in the stairwell shaft in a winter condition may 

be closer to 68⁰ F (20⁰ C). When the stair pressurization system activates it injects the colder 

exterior air into the shaft impacting the shaft temperature. The stair pressurization system type 
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(single or multiple injection) can impact the rate at which the temperature in the stairwell shaft 

decreases as well as the magnitude of the impact to stack effect. The opposite can occur during 

reverse stack effect as the temperature in the stairwell shaft increases. 

Strege and Ferreira [18] found that: the “introduction of cold air into pressurized 

stairwells cooled the stair but temperatures remained significantly higher than ambient even 

after 20-30 minutes”; door opening forces became an issue (exceeding maximum allowances) 

at the bottom of stairs when cold air was injected into the stairs; and model calculations may 

“under-predict the shaft-to-building differential pressures”. The authors also proposed that the 

“average temperature within a shaft is a function of the flowrate of air introduced into the 

shaft”. For RP-1447 and this project there are several conditions that will impact the shaft 

temperature including the change in airflow rate based on the number of open doors in the 

Model Scenario as well as the use of single and multiple injection systems. Strege and Ferreira 

found in modeling these scenarios that “the temperature in the stair cools but stabilizes at a 

temperature that is between the outside air temperature and the initial building temperature” 

[18]. This is due to the thermal inertia of the building mass. Generally, the lowest temperature 

achieved was “mid-way between the initial inside temperature of the building and the outside 

temperature” [18]. This project will utilize scenarios with both the interior stair temperature at 

its starting temperature, assume 68⁰ F (20⁰ C), and also a lower temperature that may occur 

during the stair pressurization system activation in the winter condition, assume 34⁰ F (1.11⁰ 

C) based on information reported above. RP-1447 does not report if the exit stairwell shaft was 

provided with heating and cooling or exclusively stair pressurization but it does report that 

100% outside air was injected to the stairwell shaft by the pressurization system [7].  
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CHAPTER 4 

NETWORK AND ZONE MODELING 

Network Modeling 

CONTAM is a multizone indoor air quality and ventilation analysis program developed 

by the National Institute of Standards and Technology (NIST) [19]. It calculates airflow rates 

and pressures including: infiltration, exfiltration, and room-to-room airflow rates and pressure 

differences in building systems. The airflows can be driven by mechanical means, wind 

pressures acting on the exterior of the building, and buoyancy effects induced by temperature 

differences between zones including the outdoors [19]. CONTAM incorporates the following 

model assumptions: 

• Well-Mixed Zones – each zone is treated as a single node where the air has 

uniform conditions (temperature, pressure, contaminants).  

• Conservation of Mass – during the steady state simulation, the “mass of air 

within each zone is conserved by the model.”   

• Zone Temperature – can be constant or modified during transient simulations 

as defined by the user. However, CONTAM does not perform heat transfer 

calculations. 

• Air – is treated as an ideal gas. 

• Analysis options include steady state, transient and cyclical. Steady state 

analysis is utilized for this current project. 

• Airflow Paths – airflow through an element is modeled using either a power 

law or quadratic relationship between airflow and pressure. In the current 
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project, the following one-way power law flow equation, Equation 10, related 

to the orifice equation is used to calculate the volumetric airflow rate [19]:  

𝑸 = 𝑪𝒅𝑨√(
𝟐∆𝑷

𝛒
)                                                    (10) 

 where 

o Q = volumetric flow rate, cfm; 

o A = airflow path of area, ft2; 

o Dp = pressure difference, in. w.g.; 

o r = the density of air, lb3/ft; 

o Cd = discharge coefficient = 0.6. The discharge coefficient is typically 

close to 0.6 for a sharp-edged orifice and slightly higher for other 

openings in buildings [19]; 

o n = flow exponent = 0.5 to 1.0 depending on the opening size. The 

flow exponent value of 0.6-0.7 represents a typical air infiltration 

opening [19].  

For years, CONTAM has been the industry standard used by engineers in building 

design for modeling stair pressurization systems as well as other air movement systems. The 

program is free, with development and continued improvements financed by NIST. Once 

experienced with CONTAM, users do not require extensive input time to build and run a 

model. This makes CONTAM easier to use than computational fluid dynamics (CFD) 

programs that require extensive data input and modeling time. However, complex geometries 

such as curved walls and structures, must be approximated when using CONTAM. 
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After completing model calculations based on the International Building Code 

(IBC)/National Fire Protection Association (NFPA) Standard 92, stair pressurization systems 

are often modeled using CONTAM. CONTAM can be used to validate IBC/NFPA 92 model 

calculations and to determine the size and arrangement of stair pressurization fans. CONTAM 

can be used to assist with airflow path leakage at walls, doors, and windows to identify specific 

stair pressurization problems [17].  

CONTAM calculates airflow and pressures within the entire building as a complete 

system. CONTAM can simulate the pressure effects resulting from the inflow of hot or cold 

exterior air into the stairwell shaft resulting from the opening of an exterior door including the 

effect of wind speed and direction. CONTAM does not however have the ability to simulate a 

fire condition and modeling exterior conditions is somewhat limited. Supplemental programs 

can be utilized to simulate these other conditions with results added to CONTAM as inputs. 

Figure 3 below depicts a typical floor represented in CONTAM for the current research 

project.  Key features are highlighted for reference. 



 

38 

 

 

Figure 3: Current Research Project CONTAM Model 

Zone Modeling 

The zone model concept is based on “an idealization of the room fire conditions” [3]. 

This idealization concept involves two layers in a room with a fire, an upper hot layer and a 

lower cool layer, both of which have uniform temperature. The height of the “discontinuity 

between these two layers is also uniform” and known as the smoke layer interface [3]. In real 

fires, there is a gradual transition rather than an interface, but validation studies completed by 

NIST (National Institute of Standards and Technology) provided good correlation of 

temperature between zone fire models and experimental tests [3]. A typical zone fire model 

idealization of a room fire is provided below in Figure 4 [3]. Please note the hot upper layer 

(smoke layer) and the cool layer where fresh air is being supplied to the fire. 
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Figure 4: Zone Model Idealization of a Room Fire 

While zone models are noted to have good comparative temperatures for the room of 

fire origin, they do not report other rooms outside of the fire room with similar accuracy [3].  

Zone models are sometimes utilized in conjunction with network models, when it is 

critical to understand temperature relationships in addition to pressure changes that can be 

simulated in network models. 
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CHAPTER 5 

COMPUTATIONAL FLUID DYNAMICS MODELING 

As Klote noted in the RP-1203 conclusions, “Because of limitations of the current 

software, the method of analysis used for this project is the only practical approach to analyze 

the smoke transport due to fires in high-rise buildings. While much can be learned from the 

simulations of this project, this method of analysis leaves much to be desired. Software needs 

to be developed to realistically simulate smoke transport from fires in large high-rise 

buildings.” [11]  The RP-1203 report was published in 2002 which was at the on-set of the use 

of computational fluid dynamics models for fire simulation.  

Computational fluid dynamics (CFD) models (also called field models) are currently 

the most advanced models used in fire/smoke transport modeling. They utilize three-

dimensional geometries built from a rectilinear mesh to predict fire growth and smoke 

movement within a building or compartment. The size of the rectilinear mesh is usually set 

by the modeler and varies, based upon the size and geometry of the space or building to be 

studied, as well as the degree of detail desired. Generally, as the mesh size becomes smaller, 

the number of grid cells grows, requiring more computations and longer computer modeling 

time. However, CFD models can handle complex geometries, which require more input time 

as well as computing time. Since CFD models often require substantial computer memory, 

processing and storage, even for simple models, it is important to have experience with the 

modeling program being used, as well as an understanding of the modeling parameters. The 

use of quad core processors and the ability to simulate models on multiple computers and 

processors can be utilized to speed up the modeling process. 
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CFD models solve fluid flow, heat transfer and associated phenomena numerically 

using a form of the Navier-Stokes equations appropriate for low-speed, thermally driven 

flows, placing an emphasis on heat and smoke transport from fires. Depending on the size 

and complexity of the rectilinear mesh, these equations can be solved for a very large 

number of points within the model and provide excellent output parameters which can be 

analyzed as required. Although this approach requires more detail and time, there are fewer 

assumptions and more complex geometries can be modeled. Desired output parameters 

include concentrations of oxygen, carbon monoxide and carbon dioxide as well as 

temperature and visibility levels (tenability criteria) at set locations. These parameters can 

be utilized to determine if an occupant can safely exit via the stairwell at any point during 

a fire event. 

Another advantage of using CFD programs is the post processors designed to visually 

display output parameters and results as well as the geometry of the model. These visual 

displays assist the modeler/building designer with viewing results and analyzing alternate 

designs. Some example CFD programs that are utilized for fire modeling include Fire 

Dynamics Simulator (FDS) developed by National Institute of Standards and Technology 

(NIST) and JASMINE developed by the Fire Research Station (UK). 

Fire Dynamics Simulator (FDS) was utilized as the CFD modeling software for this 

current research project. Additionally, the graphical user interface (GUI) for FDS called 

PyroSim was also used in conjunction with FDS for model creation and post processor 

simulations. Pyrosim version 2018 and FDS version 6.7.0 will be utilized for this project 

[20, 21]. FDS and PyroSim are regularly used in the engineering industry to simulate fire 

conditions and to determine tenability conditions.  
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Major features of FDS include the following [22]: 

• Low Mach number equations 

o FDS validated to Mach number of 0.1. 

o Physical space is divided into a large number of rectangular cells. Within each 

cell the parameters such as gas, velocity, temperature, etc. are assumed to be 

uniform. 

• Large-eddy simulation (LES) 

o Eddies that account for most of the mixing are large enough to be calculated using 

the Navier-Stokes equations of fluid dynamics.  

• Explicit, second-order, kinetic-energy-conserving numerics 

o Kinetic energy conserving central different scheme for momentum. 

• Structured, uniform, staggered grid 

• Simple immersed boundary method for treatment of flow obstructions 

o Internal solid obstructions are represented as masked grid cells with no in or out 

flow. 

• Generalized “lumped species” method  

o Simplified chemistry using a reaction progress variable. 

• Deardorff eddy viscosity subgrid closure 

o The turbulent viscosity is calculated based upon the turbulent kinetic energy at the 

grid cell center. 

• Constant turbulent Schmidt and Prandtl numbers 

o Diffusion coefficients for species and heat. 
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• Eddy dissipation concept (fast chemistry) for single-step reaction between fuel and 

oxidizer 

o The reactor model reduces to a simple “mixed is burnt” approximation. 

• Gray gas radiation with finite volume solution to the radiation transport equation 

o In most large-scale fire scenarios soot is the most important combustion product 

controlling the thermal radiation from the fire and hot smoke. As the radiation 

spectrum of soot is continuous, it is possible to assume that the gas behaves as a 

gray medium. 

There are options for the user to vary reactions, chemistry, the radiation model and 

other items. 

Fire 

A critical component of the CFD simulation is the fire. For this current research project, 

the fire and associated heat release rate was simulated based on the data provided by RP-1447. 

The fire in RP-1447 consisted of a small pan of methyl hydrate being placed underneath two 

wood cribs [7]. The methyl hydrate was ignited first to provide an initial fast T-squared fire 

for the initial wood crib, the second wood crib was delayed approximately 900 seconds before 

being ignited [7]. The fire growth equation for a T-squared fire is shown below in Equation 

11: 

𝑸 = 𝜶𝒕𝟐                                                                     (11) 

Where 

Q = the rate of heat release of fire, Btu/s (kW); 

α  = a constant governing the speed of the fire, Btu/s3 (kW/s2); 

t = time, s. 
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The growth rate follows an approximate relationship to time squared for a growing fire, 

which is specified based on the time to reach a heat release rate of 948 Btu/s (1,000 kW). The 

growth constant (based on classification of fire growth) is provided by type below in Table 4. 

Table 4: Summary of Fire Parameters 

 

The Heat Release Rate for a sprinklered shielded fire from RP-1447 is shown below in 

Figure 5 [7].  

 

Figure 5: RP-1447 Heat Release Rate - Shielded Fire 

Notice the initial peak near two hundred seconds and again near 1,000 seconds when 

the second wood crib reached its peak heat release after being ignited near the 900 second 

mark. This fire and associated heat release rate were simulated in Fire Dynamics Simulator 

(FDS) as close as possible to the results of the experimental test case in RP-1447 [7]. The 

results of the FDS fire heat release rate simulation is provided below in Figure 6. 
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Figure 6: Current Project Heat Release Rate - Shielded Fire 

The initial wood crib heat release rate peak and secondary peak are both very similar 

to the RP-1447 results. 

Tenability  

Heat, smoke and toxic gases produced by a fire can quickly produce an un-safe or 

untenable condition. Tenability as defined in Chapter 1, describes required conditions that 

allow an occupant to evacuate a building with minimal impact to visibility, breathing and body 

temperature. In RP-1447, conditions in the space (exit stairwell) were considered tenable if: 1) 

temperatures in the stairwell remained below the thermal tolerance for humans, 2) the 

fractional effective dose (FED) when calculated remained below 0.50, and 3) visibility was 

greater than 25 ft (7.6 m) [7]. 

Temperature 

According to Purser and McAllister; a “victim exposed for more than a few minutes to 

high temperatures and heat fluxes” exceeding 248⁰ F (120⁰ C) “in a fire is likely to suffer burns 

and die either during or immediately after exposure” [23]. It is also possible that a firefighter 

or occupant exposed to lower temperatures may “also suffer heat stroke after a prolonged 
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exposure (exceeding 15 min)”, when working hard in high humidity [23]. RP-1447 reported 

that temperatures in the fire room and surrounding corridors exceeded these limits (which 

would be expected near the fire) but the stairwell temperatures remained well below this even 

in the experimental case (test case nine) where the stairwell door on the fire floor was open 

[7]. The stairwell temperature will be simulated and reviewed in FDS for this current research 

project against this criterion. 

Fractional Effective Dose 

Fractional effective dose (FED) “is used whereby the exposure concentration or dose 

at any point during a fire is expressed as a fraction of the exposure concentration or dose 

predicted for a given endpoint “ [23]. For example, the accumulated dose of carbon monoxide 

during a fire and evacuation can be identified as a fraction of the dose required to cause 

incapacitation, collapse or loss of consciousness. Each of these situations would be considered 

untenable. Equations 12 through 15 provide the basis for calculating FED in RP-1447, which 

included accounting for oxygen, carbon monoxide and carbon dioxide [7]. 

𝑭𝑬𝑫 =  𝑯𝑽𝑪𝑶𝟐𝑭𝑬𝑫𝑪𝑶 + 𝑭𝑬𝑫𝑶𝟐                                                        (12) 

𝑯𝑽𝑪𝑶𝟐 = 𝑬𝑿𝑷 [
𝟎.𝟏𝟗𝟎𝟑𝑪𝑪𝑶𝟐(𝒕)+𝟐.𝟎𝟎𝟎𝟒

𝟕.𝟏
]                                     (13) 

𝑭𝑬𝑫𝑪𝑶(𝒕) = ∫ 𝟐. 𝟕𝟔𝟒 𝒙 𝟏𝟎−𝟓[𝑪𝑶(𝒕)]𝟏.𝟎𝟑𝟔𝒅𝒕
𝒕

𝟎
                             (14) 

𝑭𝑬𝑫𝟎𝟐(𝒕) = ∫
𝒅𝒕

𝑬𝑿𝑷[𝟖.𝟏𝟑−𝟎.𝟓𝟒(𝟐𝟎.𝟗−𝑪𝑶𝟐)]

𝒕

𝟎
                                  (15) 

where 

HVCO2 = Hyperventilation factor induced by CO2; 

t = time, min; 

CCO2 = CO2 concentration in vol %; 
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CO2 = O2 concentration in vol %; 

CCO = CO concentration in vol %. 

RP-1447 reported that the FED measured in the stairwell during experimental testing 

did not exceed 0.12, which is well below the limit of 0.50 [7]. The stairwell FED will be 

simulated and reviewed in FDS for this current research project against this criterion. 

Visibility 

As Klote and Milke reported, “when people cannot see because of smoke from a 

building fire, they walk slowly, which can significantly lengthen evacuation time, and they can 

become disoriented and lost, thus prolonging their exposure to toxic gases” [3]. Visibility can 

often be simply calculated using the extinction coefficient of the smoke and a proportionality 

constant based on the types of exit signs used in the building (i.e. illuminated exit signs, 

reflective signs, etc.). A common issue with this calculation is that the proportionality constant 

is “dependent on the color of smoke, the illumination of the object, the intensity of the 

background illumination and the visual acuity of the observer” [3]. Oftentimes white smoke 

may be produced by a smoldering fire or hydrocarbon (natural products) fires. Black smoke 

may be produced by synthetic (petroleum-based products) or flaming fires. Depending on the 

type of smoke present, the visibility criteria will change. RP-1447 utilized an alternate 

approach of calculating visibility using the mass concentration of the fuel burned, which should 

report a more accurate visibility result for the type of fire being utilized in the experimental 

test. The visibility calculation is given in Equation 16 [4]: 

𝑺 =
𝒄

𝟐.𝟑𝟎𝟑 𝑶𝑫
     (16) 

Where 

S = visibility, ft (m); 
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c = non-dimensional constant characteristic of the type of object being viewed through 

the smoke (3 is used for a light-reflecting sign); 

OD = optical density measured by a smoke density meter, 1/ft (1/m). 

RP-1447 reported that visibility was above the required 25 feet except in experimental 

test case nine in which the stairwell door on the fire floor was open and visibility dropped to 

23.76 ft (7.2 m) [7]. The FED and temperature calculated in this same experimental test was 

well within allowable ranges, so this may not be considered completely untenable. Otherwise 

the stairwell visibility remained well above the 25 ft requirement through the experimental 

testing. 

As the optical density of the smoke is simulated, FDS uses a similar approach to 

determine the maximum visibility during a model simulation. The stairwell visibility will be 

simulated and reviewed in FDS for this current research project against this criterion. 

Leakage Airflow Path  

Fire Dynamics Simulator (FDS) offers two different options of simulating leakage 

airflow path; specifying a pressure zone and using an HVAC duct. 

The pressure zone leakage “approach is intended to capture bulk leakage that occurs 

through walls” [21]. With this approach, pressure zones are identified, and very small amounts 

of airflow path leakage will “exchange sufficient heat as it moves through a wall to be at the 

same temperature as the wall surface” [21]. The source and destination pressure are used to 

compute a leakage airflow path flow via the HVAC model included in FDS. This flow is then 

simulated uniformly over all surfaces designated on the leakage path. This is a very time-

consuming process during computations and requires very precise pressure zones to be 
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identified without any openings. For this current research project, this approach was not 

utilized based on the reported leakage approach in RP-1447 [7]. 

Airflow path leakage through an HVAC duct utilizes an approach for “leaks with well-

defined locations” or for “leaks where stack effect is important” [21]. This approach allows 

the user to simulate airflow path leakage through a specific crack or gap. This is a difficult 

task as the crack is usually too small to be identified within the rectilinear grid that makes up 

the model. This approach also “uses the local pressure rather than just the zone pressure”, 

which will capture hot smoke and toxic gases as well as cool air that may be moving between 

spaces. FDS uses two vents (one placed on each side of a wall or obstruction, connected by a 

duct that is sized appropriately. As reported in RP-1447, the cracks and door gaps were sealed 

except for specific openings that resemble ducts [7]. For this reason, the current research 

project utilized this approach for airflow path leakage. 

Measurements 

Sensors were simulated in the model at each floor to measure pressure differential at 

each stairwell door in FDS. Additional sensors were modeled at 3 and 6 ft above the floor, in 

the stairwell and on the fire floor, as specified in the International Building Code (IBC), 

National Fire Protection Association (NFPA) Standard 92 and RP-1447, to record required 

parameter values in the simulation. These parameters are required for a tenability analysis to 

ensure that occupants can properly exit the building during a fire condition: 

• Fractional effective dose (FED) including; Oxygen, Carbon Monoxide, and Carbon 

Dioxide 

• Temperature 

• Visibility 
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Additional model sensors were utilized to simulate the airflow for the locations listed 

below within the stairwell; 1) Pressurization fans on the roof and all injection points within the 

stairwell and 2) Airflow through any open doors in the stairwells. 

The computational fluid dynamics (CFD) program, Fire Dynamic Simulator (FDS) and 

graphical user interface, PyroSim, both include a visual post processor program that allow the 

results to been viewed along with the output parameters through Microsoft Excel tables and 

charts. 

Figure 7and Figure 8 below depicts the model building represented in FDS for the 

current research project.  Key features are highlighted for reference. 

 

Figure 7: Current Research Project FDS Fire Room 
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Figure 8: Current Research Project FDS Model 
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CHAPTER 6 

SCOPE OF CURRENT RESEARCH EFFORT 

This project will simulate various stair pressurization systems in a ten-story model 

building using three different modeling techniques to investigate stair pressurization fan size. 

The three techniques are IBC/NFPA 92 model calculations, zone modeling and field modeling. 

Scope of this Project 

The scope of this project involves the following conditions from RP-1447 [7]: 

• The model simulations were performed using winter design conditions as 

indicated in RP-1447. The outdoor temperature varied from 3.2⁰ F (-16⁰ C) to 

28.4⁰ F (-2⁰ C) and the outdoor wind speed varied from 3.2 mph (1.43 m/s) to 

16.4 mph (7.33 m/s).  

• The model fire was located on the second floor per RP-1203 and RP-1447 

[11, 7]. Two fire scenarios were utilized: 1) Non-sprinklered fast t-squared 

fire growing to 4.3 MW and 2) Shielded sprinklered fast t-squared fire 

growing to 630 kW. A shielded fire indicates that the fire sprinkler will be 

partially obstructed from the fire. 

• The stair pressurization system utilized both a single injection system and a 

multiple injection system as reported in RP-1447 [7]. 

• Multiple injection stair pressurization systems were explored using CFD 

modeling, but single injections systems were not as multiple injection 

systems were reported in RP-1447 to be more effective in preventing smoke 

migration [7]. 
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• Compensating stair pressurization systems were explored. The results of RP-

1447 suggested that a compensating system was not required for compliance 

[7]. 

• CFD modeling simulations reported tenability results. 

 
Goals of this Project 

The goals of this project included the following: 

• Determine a compliant stair pressurization fan size for the various model test 

case scenarios discussed below.  

• Determine tenability results for the various model test case scenarios 

discussed below. 

• Review and compare numerical results for the various model test case 

scenarios against the experimental results provided in RP-1203 and RP-1447 

[11, 7]. 

• Review future opportunities for additional stair pressurization system 

research. 

Model Building Specifications 

The building was modeled as ten total stories constructed of non-combustible materials. 

The exterior dimensions of the model building were approximately 30.5 ft (9.3 m) wide by 

47.18 ft (14.38 m) long. The typical floor height is 7.9 ft (2.4 m) except on the first and second 

floor which is 11.2 ft (3.4 m). The first floor was located at street level and has an exterior door 

from the exit stairwell, see Figure 9. 
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Figure 9: Experimental Test Building First Floor 

The second floor was unique because it has additional features including a window, a 

soffit in the fire room and an exterior window to support the fire with oxygen. See Figure 10. 
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Figure 10: Experimental Test Building Second Floor 

Floors three through ten were identical to the first floor except for the exterior door, as 

shown in Figure 11. 
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Figure 11: Experimental Test Building Floors 3-10 

This model building was based on the building used for the experiments in RP-1447 

[7]. The test cases performed in RP-1447 formed the basis for the numerical model simulations 

performed in this project. 

RP-1447 Experimental Test cases 

This project is based on the ten experimental test cases presented in RP-1447 [7]. Table 

5 below indicates the information utilized in each test case. This information became the basis 

for all modeling case scenarios in this project. A brief explanation of the RP-1447 modeling 

scenarios is provided for each test case below. 



 

57 

 

Table 5: RP-1447 Experimental Test cases 

 

The first test scenario represents the base model with all doors in the exit stairwell 

closed and airflow injection at each level of the stair (located at intermediate landings in the 

exit stairwell). Pressure compensation is not utilized. As discussed in Chapter 1, pressure 

compensation systems provide a varying level of airflow to maintain a constant pressure within 

the stairwell. Fire sprinkler protection is not included, which is not realistic or compliant as the 

International Building Code (IBC) requires sprinkler protection in order to utilize the option 

for a stair pressurization system. If sprinklers are not present in a facility, the IBC will require 

a different method to protect the exit stairwell in lieu of stair pressurization like a separate 

vestibule between the building and the stairwell. 

The second and third test scenarios of RP-1447 include opening the exterior and ninth 

floor exit stairwell doors with the other doors in the exit stairwell remaining closed. The 

scenario includes sprinkler protection and airflow injection at each level (at the intermediate 

landings). Test scenario two included a pressure compensating system. Test scenario three 

utilized a non-compensating system (constant airflow rate). 
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The fourth test scenario of RP-1447 includes opening the eighth, ninth and tenth floor 

exit stairwell doors with the other doors remaining closed. The scenario includes sprinkler 

protection and airflow injection at each level (at the intermediate landings).  

The fifth test scenario of RP-1447 includes opening the eighth, ninth and tenth floor 

exit stairwell doors as well as the exit stairwell exterior door located at grade. The scenario 

includes sprinkler protection and airflow injection at each level (at the intermediate landings). 

The sixth test scenario of RP-1447 includes opening the eighth, ninth and tenth floor 

exit stairwell doors as well as the exit stairwell exterior door located at grade. This test scenario 

includes sprinkler protection but airflow injection only at the top of the shaft (a single roof-

mounted stair pressurization fan) rather than airflow injection at each level.  

The seventh test scenario of RP-1447 includes opening the first, eighth, ninth and tenth 

floor exit stairwell doors. This test scenario includes sprinkler protection and airflow injection 

at the top of the shaft only. 

The eighth test scenario of RP-1447 includes opening the first, third, fourth, fifth and 

sixth exit stairwell doors. This test scenario includes sprinkler protection and airflow injection 

at the top of the shaft only. 

The ninth test scenario of RP-1447 includes opening the second, ninth and tenth floor 

exit stairwell doors. This test scenario includes sprinkler protection and airflow injection at the 

top of the shaft only. 

The tenth test scenario of RP-1447 includes opening only the exterior exit stairwell 

door at grade. This test scenario does not include sprinkler protection, which is not realistic as 

the International Building Code (IBC) requires sprinkler protection in order to utilize the option 
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to pressurize the exit stairwell shaft as described above. Airflow injection only occurs at the 

top of the shaft. 

In summary, experimental test cases one through five utilized a multiple injection stair 

pressurization system with airflow injection vents located at the intermediate landing on each 

level. Experimental test cases six through ten utilize a single airflow injection vent located at 

the top of the exit stairwell. 

Overview of Numerical Modeling Scenarios  

The ten scenarios from RP-1447 were modeled using one or more modeling techniques 

mentioned in Chapter 1 [7]. Table 5 above, summarizes the input conditions for the various 

ten scenarios. After initial IBC/NFPA 92 modeling calculations based on the experimental data 

provided in RP-1447 did not yield expected results, each of the ten modeling scenarios 

included above were validated utilizing recognized engineering criteria. This process included 

using the same building layout information, temperature and wind criteria from RP-1447, but 

the stair pressurization system was sized and verified using calculations from IBC/NFPA 92 

as well as zone modeling (CONTAM) and computation fluid dynamics (CFD) modeling (Fire 

Dynamics Simulator - FDS) as indicated below. Table 6 and Table 7 below provide a summary 

of the modeling methods utilized for each test case scenario in this project. Utilizing the 

exterior temperature and wind as well as the building layout from RP-1447 presented above; 

modeling scenarios were utilized to investigate the following parameters:  

• Effect of airflow path leakage (IBC/NFPA 92 required leakage values versus RP-

1447 provided leakage values) on the size of the stair pressurization fan. While the 

differences in the leakage values utilized was minimal, it was important to confirm 

the effect on the stair pressurization fan size. 
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• Effect of uniform flow at each air injection point versus non-uniform flow to 

determine if this affects the sizing of the stair pressurization fan and system operation 

when exit stairwell doors are open.  

• Effect of a pressure compensating system versus a non-pressure compensating system 

when exit stairwell doors are open. 

• Effect of an open exterior window in the fire room on the stair pressurization fan size 

and system operation when exit stairwell doors are open. 

• Effect of stair pressurization fan size according to code compliant requirements given 

in IBC and NFPA 92 when no exit stairwell doors are open. 

• Investigate the minimum acceptable stair pressurization fan size using zone modeling 

(CONTAM) and CFD modeling (FDS) when exit stairwell doors are open. 

The Model Scenarios utilized for this project are described below in Table 7. Results 

of these Model Scenarios will be discussed in Chapter 7. Specific modeling techniques and 

assumptions will be described in the applicable modeling method chapter. 

Model Scenarios 1.1-1.10; 2/3.1-2/3.6, 4.1-4.5; and 5.1-5.4 utilize a multiple injection 

stair pressurization system with airflow injection vents located at each level (ten total vents in 

the exit stairwell shaft). Model Scenarios 6.1-6.3; 7.1-7.2; 8.1-8.2; 9.1-9.2; and 10.1-10.2 

utilize a single injection stair pressurization system with a single airflow injection vent located 

at the top of the exit stairwell. 
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Table 6: Summary of Modeling Method 

 

 

Table 7: Summary of Modeling Method Continued 

 

  

RP-1447 Test Case Scenario

Model Scenarios 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6

RP-1447 x x x x x

Model Calculations using 

IBC/NFPA 92 x x x x x x x

Zone Modeling using 

CONTAM x x x x x x x x x x x x x x x x

CFD Modeling using FDS x x x

1 2/3

Summary of Modeling Method

RP-1447 Test Case Scenario

Model Scenarios 1 2 3 4 5 1 2 3 4 1 2 3 1 2 1 2 1 2 1 2

RP-1447 x x x x x x x x x

Model Calculations using 

IBC/NFPA 92 x x

Zone Modeling using 

CONTAM x x x x x x x x x x x x x x x x x x x x

CFD Modeling using FDS x x

108 94 5 6 7

Summary of Modeling Method
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CHAPTER 7 

MODEL TEST CASE SCENARIOS AND RESULTS 

Model Test case Scenarios 1.1-1.10  

The model test case scenarios 1.1-1.10 are all based on RP-1447 experimental test case 

one. Each of these model test case scenarios were configured to confirm a stair pressurization 

fan size that would work for the experimental conditions observed in RP-1447 experimental 

test case one in which no stairwell doors were open. This resulting stair pressurization fan size 

also met International Building Code (IBC) and NFPA 92 requirements for a stair 

pressurization system. Each model test case scenario is described, and results given below. 

Model Scenario 1.1 

Model Scenario 1.1 utilized all criteria from RP-1447 for experimental test case one 

including: 1) All exit stairwell doors closed; 2) 1,700 cfm total pressurization air provided in 

the stairwell shaft; 3) No sprinkler protection; 4) Using the airflow path leakage values 

specified in RP-1447; 5) Uniform airflow at the pressurization vents (170 cfm at each 

pressurization vent); and 6) Matching the experimental climate data (winter conditions). No 

calculations or rational analysis was provided for the stair pressurization fan size that was 

utilized in RP-1447, only the experimental criteria listed above in Table 5. Per RP-1447, “the 

stairwell base pressurization system was designed to maintain the required pressure difference” 

and was determined by ramping up/down a variable speed fan with a maximum capacity of 

38,140 cfm [7]. This test case also included an actual experimental fire of approximately 4 

MW during testing and the stair pressurization fan provided the required minimum pressure 

differential (0.10 in. w.g.) at each closed door in the stairwell [7].  
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These conditions, with three modifications, were simulated in Model Scenario 1.1 

using CONTAM. The first modification is that an actual fire condition (and its thermal 

impacts) cannot be modeled using CONTAM. It must be modeled using a computational fluid 

dynamic (CFD) program like Fire Dynamic Simulator (FDS). The second modification is that 

the open window in the fire room (located on the second floor of the building) included in RP-

1447 experimental test case one was not included in the CONTAM model. The open window 

was required during the experimental test in RP-1447 to provide fresh oxygen for the fire. If 

fresh air was not provided during the experimental test, it is possible that the fire would have 

used all of the available oxygen and extinguished itself. The third modification is that an exit 

stairwell shaft temperature of 34⁰ F (1.11⁰ C) was used for this Model Scenario in the 

CONTAM simulation based on information discussed in Chapter 3. An interior building 

temperature of 70⁰ F (21.11⁰ C) was utilized for modeling purposes for all scenarios. RP-1447 

reports the stair temperatures during the test but does not indicate that a separate HVAC system 

was provided to heat the building. Additionally, these reported temperatures in the stairs 

include heat release from the fire on the second floor, which cannot be simulated in CONTAM. 

RP-1447 reported that the average temperature in the fire room was approximately 1,292⁰ F 

(700⁰ C). 

The CONTAM model results for Model Scenario 1.1 do not indicate that the minimum 

pressure differential was maintained at any of the doors located in the stairwell, which 

contradicts the experimental results given in RP-1447 [7]. It was stated in the RP-1447 final 

report that 1,700 cfm total airflow was adequate to provide the minimum pressure differential 

at each stairwell door during the entire 30-minute test for test case one [7]. Table 8 below, 

show the stairwell door pressure differential from the exit stairwell into the building interior at 
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all of the floors as calculated by CONTAM. As discussed in Chapter 3, because of the normal 

stack effect, the pressure differential will be greater at the upper floors (higher pressure in the 

stairwell than in the building interior) and less at the lower floors. CONTAM indicated that the 

1,700 cfm airflow rate provided in the stairwell was inadequate to provide a code compliant 

pressure differential at each stairwell door. In Table 8, the pressure drop and airflow rates on 

the left side of the table represent the wall leakage. The pressure drop and airflow rates on the 

right side of the table represent the airflow leakage through the door gaps. 

Table 8: Model Scenario 1.1 CONTAM Results 

 

Figure 12 below shows that the pressure differential across a stairwell door increases 

with elevation which is due to the normal stack effect. As discussed in Chapter 3, when it is 

cold outside, the warmer air in the shaft rises due to buoyancy effects because it is less dense 

than the cold air outside. This is called normal stack effect. This action draws cold air into the 

shaft through openings near the bottom of the shaft and a pushes warm air out of openings at 

the top of the shaft resulting in an increase in pressure with elevation. Figure 12 gives the 
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CONTAM results as well as the measured data from RP-1447 from experimental test case one 

[7]. 

 

Figure 12: Model Scenario 1.1 Pressure Differential Comparison 

Additionally, the CONTAM results do not agree with the experimental data as shown 

above in Figure 12. One possible explanation for this difference is that CONTAM cannot 

model fire and its thermal impacts. Additionally, no rational analysis was provided in RP-1447 

to show that the stair pressurization fan size provided in this experimental test case was 

adequate and met International Building Code (IBC) and NFPA requirements. The initial 

stairwell shaft temperature and inside building temperature were also not reported in RP-1447 

and assumptions were made for simulations as described above. 

This Model Scenario was also simulated using Fire Dynamic Simulator (FDS), a 

computational fluid dynamic modeling (CFD) program using the reported conditions noted in 

RP-1447 for experimental test case one [7]. As shown below in Figure 13, the fire started as 

smoke and heat ascended towards the obstruction between the fire and the fire sprinkler. In the 
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background you can see the stair, pressurization vent, window and leakage airflow path 

described in RP-1447 [7].  

 

Figure 13: FDS Simulation at 15 Seconds 

At approximately 194 seconds into the simulation smoke enters the exit stairwell shaft 

through the airflow path leakage ducts in the stairwell door. The stairwell continued to fill with 

smoke during the model run time. 

Figure 14 below shows the exit stairwell shaft and velocity profile of air moving 

through the airflow path leakage ducts from the stairwell to the floor on the eighth, ninth and 

tenth floors at approximately 932 seconds. 
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Figure 14: FDS Vertical Section at Stair Pressurization Airflow Path Leakage 

Tenability results of the FDS simulation follow below. As noted in RP-1447, the 

criteria to be simulated/measured (during experimental test cases) are: 1) Fractional effective 

dose (FED), 2) Visibility, and 3) Temperature. These criteria were discussed previously in 

Chapters 2, 3, 4 and 5. To be considered tenable, FED will be less than 0.5 at all locations in 

the exit stairwell, visibility will be greater than 25 ft (7.6 m) and temperature will remain below 

248⁰ F (120⁰ C).  

Figure 15 reports the simulated FED results in the exit stairwell. As you can see the 

worst-case situation near the end of the simulation (1,800 s) occurs at the third floor with the 

floors above this following a slight decline to the tenth floor. This would be generally expected 

as the hot smoke and toxic gases enter the shaft through the leaks from the fire floor (second) 

and rise through the shaft, while mixing with fresh cooler air being introduced in the stair 

pressurization system injection points. All floors remain well below the allowable FED limit. 
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Figure 15: Model Scenario 1.1 Fractional Effective Dose 

Figure 16 reports the simulated visibility results in the exit stairwell. As you can see, 

the third floor reports a decrease in visibility around 250 seconds continuing to below 16.4 ft 

(5 m) very quickly. The floors above third follow a similar pattern as the smoke and toxic gases 

move their way up the exit stairwell due to buoyant forces. It appears that floors third through 

ten all drop below the required 25 ft (7.6 m). The first and second floors show no issues with 

visibility, which was expected as the smoke and toxic gases rise due to buoyancy in the exit 

stairwell shaft.   
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Figure 16: Model Scenario 1.1 Visibility 

Figure 17 reports the simulated temperature results in the exit stairwell. Based on 

research discussed earlier in this report, it was expected that the temperature would decrease 

in the exit stairwell shaft as fresh cooler air from the exterior was introduced through the stair 

pressurization injection points. The FDS simulation indicates a quick reduction in temperature 

for all floors followed by two increases that correspond to the peak heat release of the fire 

described in RP-1447 at approximately 250 and 1,100 seconds [7]. Refer to Figure 5 and Figure 

6 for additional information on the fire heat release rate utilized in RP-1447 and this current 

research project [7]. Similar to FED and visibility the first and second floor temperatures 

dropped to near the exterior temperature conditions with little changes as the smoke and toxic 

gases entered the stairwell shaft through the airflow path leakage at the second-floor stairwell 

door from the fire. 
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Figure 17: Model Scenario 1.1 Temperature 

This Model Scenario failed based on the results of the visibility simulation and criteria 

set forth in RP-1447, which dropped below the required minimum level [7]. Based on the 

results of the CONTAM simulation, it was not expected that the FDS simulation would be 

successful. RP-1447 however, reported that the experimental test case one passed all criteria. 

Model Scenario 1.2 

Model Scenario 1.2 is identical to Model Scenario 1.1 except that the open window 

(4.9 ft x 4.9 ft) in the fire room of RP-1447 test case one was included in the Model Scenario 

1.2 CONTAM simulation. Similar to Model Scenario 1.1, the fire was not modeled in 

CONTAM for Model Scenario 1.2. Figure 18 gives the CONTAM results as well as the 

measured data from RP-1447 for test case one [7]. 
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Figure 18: Model Scenario 1.2 Pressure Differential Comparison 

The results of the CONTAM model do not indicate that the minimum pressure 

differential was maintained at any of the doors located in the stairwell. Additionally, the 

pressure differential at each door in the stairwell was slightly less than that of Model Scenario 

1.1 where the open window was not included. It is interesting to note that the pressure 

differential at the second-floor stairwell door (floor with the fire room and open window) 

increased greatly from 0.013 in. w.g. in Model Scenario 1.1 to 0.036 in. w.g. in Model Scenario 

1.2. The CONTAM model indicated that there was approximately 244 cfm of air flowing 

through the open window from the building to the exterior in this Model Scenario. This likely 

resulted in a lower pressure within the fire room which caused an increase in pressure 

differential across the stairwell door as compared to Model Scenario 1.1. As CONTAM cannot 

simulate a fire, the additional air flowing into the fire room from the exterior is not consumed 

by the fire.   
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Model Scenario 1.3 

For Model Scenario 1.3, an IBC/NFPA 92 model calculation was completed using the 

process described in Chapter 3 for the rational analysis. Building information (height, area, 

airflow leakage, and location above sea level) and climate data (wind and temperature for 

winter conditions) were utilized from RP-1447 experimental test case one. However, the open 

window on the fire floor was not included in the IBC/NFPA 92 model calculation because the 

procedure cannot account for open windows. The airflow through an open door utilized in the 

model calculation is 300 fpm as discussed in Chapter 3. An exit stairwell shaft temperature of 

68° F (20° C) was utilized for this Model Scenario during the entire model calculation and 

CONTAM simulation. This requires the largest stair pressurization fan size for the winter 

scenario because the stack effect coefficient is the greatest for this condition. Based on this 

information, the stair pressurization fan size calculated using the IBC/NFPA 92 procedure was 

found to be approximately 5,224 cfm total airflow for the stairwell. The engineering industry 

typically includes an additional safety factor when sizing the stair pressurization fan to account 

for unforeseen circumstances such as construction workmanship. However, no safety factor 

was included in any model test case scenario for consistency with RP-1447. Similar to 

CONTAM, the IBC/NFPA 92 model calculations do not account for fire thermal effects. 

The IBC/NFPA 92 model calculation stair pressurization fan size for this Model 

Scenario, 5,224 cfm, is more than three times the 1,700 cfm reported in RP-1447 experimental 

test case one. Additionally, the IBC/NFPA 92 model calculations indicate that the stairwell 

door opening forces for this Model Scenario are less than the maximum 30 lb (133 N) of force 

allowed even with the 5,224 cfm total airflow provided.  
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The stair pressurization fan size resulting from the IBC/NFPA 92 model calculation 

was then modeled in CONTAM. This model included variable (non-uniform) pressurization 

airflow at each vent based on the IBC/NFPA 92 model calculation. Similar to the IBC/NFPA 

92 model calculation for this scenario, the window in the fire room was not included in the 

CONTAM model. Figure 19 gives the CONTAM and IBC/NFPA 92 model calculations results 

as well as the measured data from RP-1447 for test case one [7]. As noted below in Figure 19, 

this scenario resulted in at least the minimum acceptable pressure differential at each door in 

the stairwell (0.10 in. w.g.).  

 

Figure 19: Model Scenario 1.3 CONTAM/IBC Pressure Differential Results 

While the graphs generally show a similar trend in the differential pressure measured 

at the stairwell door, there are some differences. In the CONTAM data, you can see the 

differential pressure increases between the first and second floors and between the ninth and 

tenth floors. This is due to the fact that the first and second floors are taller and have a larger 

volume than the other floors which will lower the pressure on those floors. The lower pressure 

on the tenth floor is a result of additional airflow leakage through the roof, which is not present 
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on other floors. For the IBC/NFPA 92 model calculation results, there is a sharp incline 

between the fifth and sixth floors. The neutral plane, discussed in Chapter 3, occurs in between 

these floors and the stack effect coefficient changes from negative to positive.  

Lastly, the experimental test cases in RP-1447 were only performed during winter 

conditions, therefore, a CONTAM simulation was performed using summer conditions to 

review impact to the stair pressurization fan size. The simulation used 85° F (29.4° C) for the 

exterior temperature (typical for the building location in RP-1447 based on ASHRAE data) 

and 75° F (23.9° C) inside the exit stairwell shaft [16]. Figure 20 presents the results of the 

CONTAM and IBC/NFPA 92 model calculations for the summer condition. Figure 20 shows 

a reverse stack effect condition (higher pressure at top of the exit stairwell shaft due to higher 

pressure and temperature). As discussed in Chapter 3, because of the reverse stack effect, the 

pressure differential will be higher at the upper floors (lower pressure in the stairwell than in 

the building interior) and lower at the lower floors. Similar to the winter condition, the 

IBC/NFPA 92 model calculations yield a transition between the fifth and sixth floors due to 

the stack effect as the neutral plane occurs in between these floors.  
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Figure 20: Model Scenario 1.3 Summer Pressure Differential Results 

Model Scenario 1.4 

Model Scenario 1.4 matches the all criteria from Model Scenario 1.3 except that the 

open window (4.9 ft x 4.9 ft) in the fire room was included in the CONTAM model. As 

discussed previously, the IBC/NFPA 92 model calculation does not have a method to include 

the open window. The stair pressurization fan size from the IBC/NFPA 92 model calculation 

in Model Scenario 1.3 was utilized in this scenario as well. An exit stairwell shaft temperature 

of 68° F (20° C) was used as in Model Scenario 1.3.  

  The CONTAM model results from this scenario indicate that the minimum pressure 

differential was maintained at all of the stairwell doors. However, the second-floor stairwell 

door pressure differential exceeds the maximum allowable pressure differential of 0.35 in. w.g 

(87 Pa). The results of the CONTAM model are provided below in Figure 21 along with the 

measured data from RP-1447 for test case one [7]. 
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Figure 21: Model Scenario 1.4 Pressure Differential Comparison 

As you can see in Figure 21 above, the average pressure differential at each door in the 

stairwell was slightly less than that of Model Scenario 1.3 where the open window was not 

included. As discussed in Model Scenario 1.2, the airflow through the open window to the 

exterior impacts the pressure differential at the stairwell door. It is interesting to note that the 

RP-1447 results also depict a similar pressure differential spike at the second floor, likely due 

to the open window in the experimental test case. Although the differential is not as large, 

likely because the oxygen in the air coming in the window is being utilized by the fire that is 

not modeled in CONTAM. The CONTAM model indicated that there was approximately 767 

cfm of air is flowing through the open window in this scenario. CONTAM notes that this is 

for flow from the building to the exterior, while the experimental results were likely for flow 

into the building from the exterior to supply the fire. As a result of this additional flow, the 

pressure differential at the second floor stairwell door exceeds the IBC/NFPA maximum limit 

of 0.35 in. w.g (87 Pa). This excess pressure differential would also likely result in exceeding 

the maximum allowable door opening forces for occupants trying to exit into the stairwell. As 
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noted in Model Scenario 1.2, the open window is not critical for the CONTAM simulation or 

the IBC/NFPA 92 model calculation as the fire cannot be simulated with those methods. It is 

interesting to note the effect of exterior building openings and the impact to the stair 

pressurization system. During a fire event in a high-rise building, it is common for Fire 

Department personnel to break windows/openings to assist with post salvage operations after 

the majority of the fire is extinguished. This situation could occur as some occupants are still 

exiting the building from floors above the fire floor.  

Model Scenario 1.5 

Model Scenario 1.5 utilized the same criteria from Model Scenario 1.4 except that the 

IBC/NFPA 92 model calculations and CONTAM simulations were completed using a stairwell 

shaft temperature of 34⁰ F (1.11⁰ C) rather than 68⁰ F (20⁰ C). This is to simulate closer to an 

actual condition as the cold air from the exterior is used to pressurize the exit stair as discussed 

in Chapter 3. The IBC model calculation resulted in a smaller stair pressurization fan size of 

4,678 cfm, which is approximately 11% smaller than the fan size used in Model Scenario 1.4. 

An additional CONTAM model was simulated without a window to verify the pressure 

differential curve against the IBC model calculation. Figure 22 gives the CONTAM (window 

and no window) and IBC/NFPA 92 model calculation results as well as the measured data from 

RP-1447 for test case one [7]. 
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Figure 22: Model Scenario 1.5 Pressure Differential Comparison 

As you can see in Figure 22 above, ignoring the effect of the open window, all results 

have a similar trend except for the RP-1447 experimental results. Per previous discussion in 

Model Scenario 1.3, CONTAM provides slight pressure differential increases for the first, 

second and tenth floors. Similar to Model Scenario 1.2 and 1.4, the open window impacts not 

only the second-floor pressure differential but the entire building with a slight increase in 

pressure differential at all floors when the window is not present in the CONTAM model. 

Model Scenario 1.6 

Model Scenario 1.6 matches the all criteria from Model Scenario 1.5 except that the 

total pressurization airflow in the shaft is rounded to be uniformly distributed between each of 

the pressurization vents (4,670 cfm total/467 cfm per airflow injection vent) rather than 

variable as indicated in the IBC/NFPA 92 model calculations. The open window in the fire 

room was not included in this Model Scenario. This Model Scenario was simulated in 

CONTAM to verify differences between uniform airflow and variable airflow at the 

pressurization vents based on approximately the same stair pressurization fan size. Uniform 
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airflow at the pressurization vents is a desirable option for building managers and maintenance 

staff as it eliminates confusion for the required airflow at each vent. It also helps balance the 

airflow and pressure differential within the exit stairwell shaft for the situations where stairwell 

doors are open. 

 The results of the CONTAM model indicated that the minimum pressure differential 

was maintained at all of the stairwell doors. Figure 23 gives the CONTAM results for Model 

Scenarios 1.5 and 1.6 as well as the measured data from RP-1447 for test case one [7]. As 

noted in Figure 23 below, the pressure differential at each door in the stairwell was slightly 

more than that of the CONTAM simulation results in Model Scenario 1.3, but otherwise the 

results were very similar. Results from Model Scenario 1.5 and 1.6 are very similar as 

simulated in CONTAM. 

 

Figure 23: Model Scenario 1.6 Pressure Differential Comparison 

Results from this simulation follow similar patterns and discussions from previous 

Model Scenarios. 
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Model Scenario 1.7 matched all of the criteria from Model Scenario 1.6 except for the 

stair pressurization fan size and amount of airflow at each pressurization vent. The window in 

the fire room is not included in the simulation. In this scenario, the stair fan pressurization size 

and pressurization vent airflow were simulated with uniform airflow at each pressurization 

vent to a minimum differential pressure of 0.10 in. w.g. at all stairwell doors. The resulting 

minimum stair pressurization fan size modeled in CONTAM was 4,250 cfm total with 425 cfm 

provided at each of the ten airflow injection vents in the exit stairwell shaft. This resulted in a 

minimum pressure differential of 0.10 in. w.g (25 Pa) at each of the ten stairwell doors (the 

exterior door at grade is ignored since it will not transfer airflow to the building interior). Figure 

24 gives the CONTAM results as well as the measured data from RP-1447 test case one [7]. 

 

Figure 24: Model Scenario 1.7 Pressure Differential Comparison 

This Model Scenario represents possibly the lowest cost installation as it is the smallest 

stair pressurization fan, based on total CFM required in this specific situation while still 

meeting the minimum requirements in the IBC based on CONTAM modeling. It is important 

to note that this stair pressurization fan size is smaller than the stair pressurization fan sized by 
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the IBC/NFPA 92 model calculation in Model Scenario 1.3. This Model Scenario would be 

required to be justified (through CONTAM and or FDS) and documented in a rational analysis 

that requires approval by the Authority Having Jurisdiction (AHJ) prior to final design and 

installation. Pressure differential changes at first, second and tenth floors follow discussion 

from previous Model Scenarios. 

Model Scenario 1.8 

Model Scenario 1.8 matches all of the criteria from Model Scenario 1.7 except that the 

open window in the fire room is included. This scenario was simulated using both CONTAM 

and FDS. In this scenario, the stair pressurization fan size and pressurization vent airflow were 

modeled with uniform airflow at each pressurization vent to a minimum differential pressure 

of 0.10 in. w.g. (25 Pa) at any stairwell door. The resulting minimum stair pressurization fan 

size in the CONTAM simulation was then utilized. In this scenario, the minimum stair 

pressurization fan size modeled in CONTAM was 4,500 cfm total with 450 cfm provided at 

each of the airflow injection vents in the stairwell. Note that this is a 250 cfm increase in the 

total stair pressurization fan size from Model Scenario 1.7. Figure 25 gives the CONTAM 

results as well as the measured data from RP-1447 for test case one [7]. 
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Figure 25: Model Scenario 1.8 Pressure Differential Comparison 

As noted in Figure 25, above the minimum pressure differential is maintained at all 

stairwell doors. The second floor stairwell door pressure differential approaches the maximum 

limit of 0.35 in. w.g. (87 Pa) and would require confirmation during stair pressurization system 

acceptance testing with the Authority Having Jurisdiction (AHJ) if this was a real installation. 

The increase in pressure differential at the door on the second floor is also seen in Model 

Scenario 1.4 due to the increase in flow through the open window from the building to the 

exterior. It is interesting to note that the CONTAM model yields a very similar pressure 

differential at the second floor to the experimental results. Other results follow discussions in 

previous Model Scenarios. 

This Model Scenario was also simulated in Fire Dynamic Simulator (FDS) and the 

tenability results of the FDS simulation are discussed below. As noted in RP-1447, the criteria 

to be simulated/measured (during experimental test cases) were: 1) Fractional effective dose 

(FED), 2) Visibility, and 3) Temperature [7]. These criteria were discussed previously in 

Chapters 2, 3, 4 and 5. To be considered tenable; fractional effective dose (FED) will be less 
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than 0.5 at all locations in the exit stairwell, visibility will be greater than 25 ft (7.6 m) and 

temperature will remain below 248⁰ F (120⁰ C).  

Figure 26 shows the simulated FED results in the exit stairwell. As you can see the 

worst-case situation near the end of the simulation (1,800 s) is the second floor but all floors 

remained well below the allowable FED limit. 

 

Figure 26: Model Scenario 1.8 Fractional Effective Dose 

Figure 27 shows the simulated visibility results in the exit stairwell. As you can see, 

the third and fourth floors report a decrease in visibility around 1,250 seconds, which occurs 

just after the second peak heat release of the fire described in RP-1447 and Chapter 5 [7]. The 

third floor visibility reduces to 19.4 ft (5.9 m) which is just under the minimum required 25 ft 

(7.6 m). The fourth floor visibility reduces around the same time to approximately 49.2 ft (15 

m). The rest of the floors remained well above the minimum required level. 
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Figure 27: Model Scenario 1.8 Visibility 

Figure 28 reports the simulated temperature results in the exit stairwell. Based on 

research discussed earlier in this report, it was expected that the temperature would decrease 

in the exit stairwell shaft as fresh cooler air from the exterior was introduced through the stair 

pressurization injection points. The FDS simulation indicates a quick reduction in temperature 

for all floors. While there are similar increases in temperature at the fire peak heat release at 

250 and 1,100 seconds, they are much smaller increases than Model Scenario 1.1. This smaller 

increase temperature near the peak heat release from the fire was expected as this Model 

Scenario is injecting 4,500 cfm (more than double the original amount of air noted in RP-

1447). Refer to Chapter 5 for additional information on the fire heat release rate. All other 

temperatures remained well below the maximum allowable in the stairwell. 
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Figure 28: Model Scenario 1.8 Temperature 

This Model Scenario failed based on the results of the visibility simulation on the third 

floor based on criteria set forth in RP-1447, which dropped below the required minimum level 

[7]. RP-1447 reported that the experimental test case one passed all criteria even with a small 

amount of stair pressurization injection air being utilized.  

Model Scenario 1.9 

Model Scenario 1.9 was simulated in CONTAM using all specifications from RP-1447 

except the exterior window in the fire room was closed and the stair pressurization total airflow 

rate was increased by a factor of ten to 17,000 cfm total with uniform airflow of 1,700 cfm at 

each airflow injection vent. Figure 29 gives the CONTAM results as well as the measured data 

from RP-1447 for test case one [7].  
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Figure 29: Model Scenario 1.9 CONTAM Pressure Differential Results 

As noted in Figure 29 above, the differential pressure at the stairwell doors greatly 

exceeds the maximum allowable (0.35 in. w.g.) at every door. Building occupants would likely 

have issues with opening doors as they exit into the stair on every level. This scenario failed 

IBC requirements. 

Model Scenario 1.10 

For Model Scenario 1.10, an IBC/NFPA 92 model hand calculation was completed 

using the process described in Chapter 3 for the rational analysis. Building information (height, 

area) and climate data (wind, temperature, and location) were utilized from RP-1447. The open 

window in the fire room was not included in this scenario. Instead of using airflow leakage 

prescribed in RP-1447, standard IBC/NFPA 92 leakage values were utilized for a building with 

“average” tightness as reported by Klote and Milke [3]. These values vary only slightly from 

the values reported in RP-1447 [7]. The calculated stair pressurization fan size was 9,128 cfm 

total with variable amounts of airflow at each of the pressurization vents. Figure 30 below 

shows the resulting pressure differentials at each floor based on the IBC/NFPA 92 model 
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calculation. The resulting pressure differential trend matches the IBC/NFPA 92 model 

calculation trend in Model Scenario 1.3. All pressure differentials at stairwell doors are within 

the allowable IBC range. 

 

 

Figure 30: Model Scenario 1.10 Pressure Differential Comparison 

The stair pressurization fan size and airflow path leakage values along with other 

criteria from RP-1447 noted above were then simulated in CONTAM. Figure 30 gives the 

CONTAM results as well as the measured data from RP-1447 for test case one [7].  

Similar to Model Scenario 1.3, there is a discrepancy between the pressure differentials 

calculated by the IBC model calculation and modeled in CONTAM. Refer to the results of 

Model Scenario 1.3 for additional discussion on these discrepancies. All pressure differentials 

indicated at the stairwell doors do meet IBC requirements. 

Model Scenarios 2.1-2.6 (TOC) 

The model test case scenarios that follow are all based on RP-1447 experimental test 

case two and three. Each test case utilized the same parameters with the exterior and ninth floor 
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stairwell doors open. The only difference is that test case two does not include a pressure 

compensating system, while experimental Test case three does include a pressure 

compensating system. Per results of the experimental tests in RP-1447, Lougheed and Yo 

concluded that a pressure compensating system was not required for this specific project 

including the following conditions: 1) Fire scenario on second floor in winter conditions; 2) 

When the stairwell door on the fire floor is closed; 3) For a pressurized stairwell with multiple 

injections; and 4) For both sprinklered and non-sprinklered buildings [7]. As such, these two 

test cases were combined for this model test case scenario which did look at variable (pressure 

compensating system) and uniform (non-pressure compensating system) stair pressurization 

airflow within the exit stairwell. The objective of these Model Scenarios was to investigate the 

stair pressurization fan size that would meet International Building Code (IBC) and NFPA 92 

requirements for the experimental conditions observed in RP-1447. Each model test case 

scenario is described, and results given below. 

Model Scenario 2.1 

Model Scenario 2.1 utilized all criteria from RP-1447 for experimental Test cases 2 

and 3 including: 1) Two exit stairwell doors open at the ninth floor and the exterior door; 2) 

1,700 CFM total pressurization air provided in the stairwell shaft; 3) Sprinkler protection 

included; 4) Using the airflow path leakage values specified in RP-1447; and 5) Matching the 

experimental climate data. No calculations or rational analysis was provided for the stair 

pressurization fan size that was utilized in RP-1447, just the experimental criteria listed above. 

An exit stairwell shaft temperature of 34⁰ F (1.11⁰ C) was utilized for modeling purposes, all 

scenarios discussed below utilize this temperature unless noted otherwise. An interior building 
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temperature of 70⁰ F (21.11⁰ C) was utilized for calculations and modeling purposes for all 

scenarios. 

Both test cases also included an experimental fire of approximately 600-700 kW during 

testing. The experimental fire in test case two and three was shielded; meaning that a metal 

shield was installed at 7.75 ft (2.3622 m) just beneath the fire sprinkler to prevent direct 

application of water to the fire. This scenario matches the sprinkler configuration of other 

similar studies conducted by the authors of RP-1447 [7]. RP-1447 results for experimental test 

cases two and three were unsuccessful at maintaining the minimum required pressure 

differential at each closed door in the stairwell [7].  

These conditions, with three modifications, were simulated in Model Scenario 2.1 

using CONTAM. The first modification is that an actual fire condition (and its thermal 

impacts) cannot be modeled using CONTAM. It must be modeled using a computational fluid 

dynamic (CFD) program like Fire Dynamic Simulator (FDS), which was used for Model 

Scenario 1.5. The second modification is that the open window in the fire room (located on the 

second floor of the building) included in RP-1447 experimental test case two was not included 

in the CONTAM model. As discussed previously, fires cannot be simulated in CONTAM and 

including the window for fresh air impacted the pressure on the fire floor.  The third 

modification is that similar to a fire, CONTAM cannot simulate fire sprinkler protection. This 

must be simulated using a CFD program. 

The CONTAM model results for Model Scenario 2.1 do not indicate that the minimum 

pressure differential was maintained at any of the doors located in the stairwell, which partially 

agrees with the experimental results given in RP-1447 [7]. RP-1447 indicates that no doors in 

experimental test case two met the minimum pressure differential requirement [7]. It also 
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indicates that four doors met the minimum pressure differential (second, fifth, sixth and eighth 

floor doors) in experimental test case three [7]. CONTAM indicated that the 1,700 cfm airflow 

rate provided in the stairwell was inadequate to provide a code compliant pressure differential 

at each stairwell door.  

As Model Scenario 1.1 was not successful at providing the minimum pressure 

differential at stairwell doors when all doors were closed; it was expected that this Model 

Scenario would not be successful either. This Model Scenario included two open doors; which, 

based on model calculations would require additional airflow for the stair pressurization fan 

system to counteract the additional openings. This additional airflow was not included in the 

experimental test cases as the fan size matched that of experimental test case one. 

RP-1447 results indicated that during experimental testing the two doors that affected 

the pressure drop most in the stairwell were the first floor interior and exterior doors [7]. When 

the exterior door was open, there “was bi-directional airflow through the door, which affected 

pressure in the stairwell, particularly, in the lower floors” [7]. This result was also noticed in 

CONTAM modeling for this and other Model Scenarios based on experimental test case two 

and three. The open exterior door exposes the stairwell to wind conditions that otherwise may 

only minimally affect airflow path leakage through an exterior wall to a stairwell, in the 

situation where a stairwell is located along an exterior building wall. As stair pressurization 

systems are required to be 100 percent outside air, the exterior temperature conditions, hot or 

cold, are already being introduced to the stair when the system activates. 

Model Scenario 2.2 

Model Scenario 2.2 was simulated in CONTAM using all specifications from RP-1447 

except the exterior window in the fire room was closed and the stair pressurization total airflow 
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rate was increased by a factor of ten to 17,000 cfm total with uniform airflow of 1,700 cfm at 

each airflow injection vent. Figure 31 gives the results of the CONTAM simulation. 

 

Figure 31: Model Scenario 2.2 CONTAM Pressure Differential Results 

As noted in Figure 31 above, the differential pressure at the stairwell doors was below 

the minimum required. Similar to the discussion in Model Scenario 2.1, the introduction of 

open doors (additional flow paths), likely would require an increase in the stair pressurization 

fan size, based IBC/NFPA 92 model calculations or CONTAM simulations. The stair 

pressurization fan size remains unchanged from experimental test case one, which did not 

include open stairwell doors. Based on this result, the stair pressurization fan size needs to be 

increased from this Model Scenario to meet applicable criteria. 

Model Scenario 2.3 

For Model Scenario 2.3, an IBC/NFPA 92 model calculation was completed using the 

process described in Chapter 3 for the rational analysis. Building information (height, area, 

airflow leakage) and climate data (wind, temperature, and building location) were utilized from 
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RP-1447 experimental test case three (worst case exterior conditions between the two 

experimental cases). However, the open window on the fire floor was not included in the 

IBC/NFPA 92 model calculation. The airflow velocity through an open door utilized in the 

model calculation is 300 fpm as discussed in Chapter 3. An exit stairwell shaft temperature of 

68⁰ F (20⁰ C) was utilized to calculate the stair pressurization fan size. This requires the largest 

stair pressurization fan size for the winter scenario because the stack effect coefficient is the 

greatest for this condition. Based on this information, the stair pressurization fan size calculated 

using the IBC/NFPA 92 procedure was found to be approximately 10,183 cfm total airflow for 

the stairwell. As discussed in Model Scenario 1.3, no safety factor was included in any model 

test case scenario for consistency with RP-1447. Similar to CONTAM, the IBC/NFPA 92 

model calculations do not account for fire sprinkler protection or fire thermal effects. 

The IBC/NFPA 92 model calculation stair pressurization fan size for this Model 

Scenario, 10,183 cfm, is close to six times more than the 1,700 cfm reported in RP-1447 

experimental test cases two and three. Additionally, the IBC/NFPA 92 model calculations 

indicate that the stairwell door opening forces for this Model Scenario will be less than the 

maximum 30 lb of force allowed even with the 10,183 cfm. Figure 32 gives the CONTAM 

results as well as the measured data from RP-1447 for test case two [7].  



 

93 

 

 

Figure 32: Model Scenario 2.3 Pressure Differential Comparison 

Similar to other IBC/NFPA 92 model calculation results, Figure 32 indicates that all 

stairwell doors meet the minimum pressure differential, even the open door at the ninth floor. 

Additionally, the figure indicates an increase in pressure differential from the lower floors to 

the upper floors, matching what is expected for a normal stack effect condition. 

The stair pressurization fan size resulting from the IBC/NFPA 92 model calculation 

was then modeled in CONTAM. This model included variable (non-uniform) pressurization 

airflow at each vent based on the IBC model calculation. Similar to the IBC/NFPA 92 model 

calculation for this scenario, the window in the fire room and fire sprinkler protection were not 

included in the CONTAM model. As noted above in Figure 32, this scenario did not result in 

providing the minimum pressure differential at each door in the stairwell (0.10 in. w.g.).  

The differential pressure at the stairwell doors simulated in CONTAM is fairly 

consistent through the stairwell except at the open door on the ninth floor (exterior door is not 

depicted as it does not communicate with the rest of the building). These results differ from 

the IBC/NFPA 92 model calculation and RP-1447 pressure differentials in Figure 32 [7]. This 
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difference could be in part due to the ability of CONTAM to balance the pressure and airflow 

within the stairwell taking into account the hydrostatic pressure and stack effect. IBC/NFPA 

92 model calculations follow the rational analysis process described in Chapter 3, which does 

not include airflow balancing within the shaft. The IBC/NFPA 92 model calculation is 

calculating the airflow path leakage and required airflow and pressure from neutral plane to 

counteract this at each floor to maintain the minimum pressure differential. The trend of 

IBC/NFPA 92 model calculations not matching CONTAM and RP-1447 results for Model 

Scenarios with open doors in the exit stairwell continues in future simulations. 

Model Scenario 2.4 

For Model Scenario 2.4, an IBC/NFPA 92 model hand calculation was completed using 

the process described in Chapter 3 for the rational analysis. Building information (height, area) 

and climate data (wind, temperature, and location) were utilized from RP-1447. The open 

window in the fire room was not included in this scenario. Additionally, instead of using 

airflow leakage prescribed in RP-1447, standard IBC/NFPA 92 leakage values were utilized 

for a building with “average” tightness as reported by Klote and Milke similar to Model 

Scenario 1.10 [3]. These values vary only slightly from those reported in RP-1447 [7]. The 

calculated stair pressurization fan size was 15,087 cfm total with variable amounts of airflow 

at each of the pressurization vents. Figure 33 below shows the resulting pressure differentials 

at each floor based on the IBC/NFPA 92 model calculation. The resulting pressure differential 

trend matches the IBC/NFPA 92 model calculation in Model Scenario 2.3. All doors are within 

the allowable IBC range for differential pressure at closed doors and door opening forces. 
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Figure 33: Model Scenario 2.4 Pressure Differential Comparison 

The stair pressurization fan size and airflow path leakage values along with other 

criteria from RP-1447 noted above were also simulated in CONTAM. Figure 33 above gives 

the CONTAM and IBC/NFPA 92 model calculation results as well as the measured data from 

RP-1447 for test case two [7].  

Similar to Model Scenario 2.3, there is a discrepancy between the pressure differentials 

calculated by the IBC/NFPA 92 model calculation and those modeled in CONTAM and 

recorded in RP-1447. The resulting CONTAM simulation does not indicate that any of the 

stairwell doors meet the minimum pressure differential required by the IBC. As discussed 

earlier in the Model Scenario 2.1, the inclusion of an open exterior door and possible bi-

directional flow for wind effects as well as pressure drop could be a major factor in why these 

results differ. 

Model Scenario 2.5 

Model Scenario 2.5 matched all of the criteria from Model Scenario 2.3 except for the 

stair pressurization fan size and amount of airflow at each pressurization vent. In this scenario, 
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the stair fan pressurization size and pressurization vent airflow were simulated with uniform 

airflow at each pressurization vent to a minimum differential pressure of 0.10 in. w.g. (25 Pa) 

at any stairwell door. The resulting minimum stair pressurization fan size in the CONTAM 

simulation was then utilized. In this scenario, the stair pressurization fan size modeled in 

CONTAM was 19,000 cfm total with 1,900 cfm provided at each of the pressurization air vents 

in the stairwell. This resulted in a minimum pressure differential of 0.10 in. w.g (25 Pa) at nine 

of the ten stairwell doors (the exterior door at grade is neglected since it will not transfer airflow 

to the building interior) and the open door at the ninth floor is not required to meet the minimum 

differential pressure as it is open. Figure 34 gives the CONTAM results as well as the measured 

data from RP-1447 for test case two [7].  

 

Figure 34: Model Scenario 2.5 Pressure Differential Comparison 

 

This scenario represents possibly the lowest cost installation for the Model Scenarios 

in 2.1-2.6 as it is the smallest stair pressurization fan, based on total airflow required in this 

specific situation that still meets the minimum requirements in the IBC based on CONTAM. 
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It is important to note that this stair pressurization fan size is larger than the stair pressurization 

fan sized by the IBC/NFPA 92 calculation process in Model Scenario 2.3. Similar to the 

discussion of results in Model Scenario 2.3 and 2.4, the open exterior door and the method of 

air balancing in CONTAM likely play a major factor in the size of the stair pressurization fan. 

Results for RP-1447 do not indicate compliance, which would be expected considering the 

stair pressurization fan size used in the experimental test is approximately 10.5 times smaller 

than the stair pressurization fan simulated in CONTAM. 

Model Scenario 2.6 

Model Scenario 2.6 matches all of the criteria from Model Scenario 2.5 except that the 

open window in the fire room is included in the CONTAM model. In this scenario, the stair 

pressurization fan size and pressurization vent airflow were modeled with uniform airflow at 

each pressurization vent to a minimum differential pressure of 0.10 in. w.g. at any stairwell 

door. The resulting minimum stair pressurization fan size in the CONTAM simulation was 

then utilized. In this scenario, the minimum stair pressurization fan size modeled in CONTAM 

was 19,000 cfm total with 1,900 cfm provided at each of the airflow injection vents in the 

stairwell. Note that this scenario does not include any increase in stair pressurization airflow 

from Model Scenario 2.5. Figure 35 gives the CONTAM results as well as the measured data 

from RP-1447 for test case two [7].  
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Figure 35: Model Scenario 2.6 Pressure Differential Comparison 

As noted in Figure 35 above, the minimum pressure differential is maintained at all 

closed stairwell doors. The second-floor door pressure differential approached the maximum 

limit of 0.35 in. w.g. (87 Pa) and would need to be confirmed during stair pressurization system 

acceptance testing with the Authority Having Jurisdiction (AHJ). The increase in pressure 

differential at the door on the second floor is also seen in Model Scenarios 1.5 and 1.8 due to 

the increase in airflow through the open window from the building to the exterior. The ninth 

floor door does not maintain the minimum pressure differential but CONTAM does indicate a 

positive pressure differential (0.000357977 in. w.g.) in relation to the floor. Figure 36 below 

shows the positive pressure (highlighted in the box) such that air is moving from the stair to 

the building even if in minimal amounts. 
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Figure 36: Model Scenario 2.6 9th Floor CONTAM Pressure Differential Results 

This Model Scenario was also simulated using Fire Dynamic Simulator (FDS), a 

computational fluid dynamic modeling (CFD) program using the reported conditions noted in 

RP-1447 for experimental test case two [7].  

As noted in RP-1447, the criteria to be simulated/measured (during experimental test 

cases were: 1) Fractional effective dose (FED), 2) Visibility, and 3) Temperature [7]. These 

criteria were discussed previously in Chapters 2, 3, 4 and 5. To be considered tenable; 

fractional effective dose (FED) will be less than 0.5 at all locations in the exit stairwell, 

visibility will be greater than 25 ft (7.6 m) and temperature will remain below 248⁰ F (120⁰ C). 

Tenability results of the FDS simulation follow below.  

Figure 37 shows the simulated FED results in the exit stairwell. As you can see all of 

the floors remained well below the maximum allowable FED limit. 
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Figure 37: Model Scenario 2.6 Fractional Effective Dose 

Figure 38 shows the simulated visibility results in the exit stairwell. As you can see, 

the visibility remained well above the minimum required for the entire stairwell.  

 

Figure 38: Model Scenario 2.6 Visibility 

Figure 39 shows the simulated temperature results in the exit stairwell. Based on 

research discussed earlier in this report, it was expected that the temperature would decrease 
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in the exit stairwell shaft as fresh cooler air from the exterior was introduced through the stair 

pressurization injection points. The FDS simulation indicates a quick reduction in temperature 

for all floors. The entire stairwell remained well below the maximum allowable limit. 

 

Figure 39: Model Scenario 2.6 Temperature 

This Model Scenario passed based on the tenability results simulated and criteria set 

forth in RP-1447 [7]. RP-1447 however reported that the experimental test case two passed all 

tenability criteria as well even though the stair pressurization fan size was smaller than utilized 

for this Model Scenario. 

Model Scenarios 4.1-4.6 

The model test case scenarios that follow are all based on RP-1447 experimental test 

case four. Each Model Scenario utilized the same parameters with the eighth, ninth and tenth 

floor stairwell doors open. The objective of these Model Scenarios was to investigate the stair 

pressurization fan size that would meet International Building Code (IBC) and NFPA 92 
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requirements for the experimental conditions observed in RP-1447. Each model test case 

scenario is described, and results given below. 

Model Scenario 4.1 

Model Scenario 4.1 utilized all criteria from RP-1447 for experimental test case four 

including: 1) Three exit stairwell doors open at the eighth, ninth and tenth floors; 2) 1,700 cfm 

total pressurization air provided in the stairwell shaft; 3) Sprinkler protection included (FDS 

simulation only); 4) Using the airflow path leakage values specified in RP-1447; and 5) 

Matching the experimental test climate data. No calculations or rational analysis was provided 

for the stair pressurization fan size that was utilized in RP-1447, just the experimental criteria 

listed above. The test case also included an experimental fire of approximately 600-700 kW 

during testing. The experimental fire in test case four was shielded; meaning that a metal shield 

was installed at 7.75 ft (2.3622 m) just beneath the fire sprinkler to prevent direct application 

of water to the fire. This scenario matches the sprinkler configuration of other similar studies 

conducted by the authors of RP-1447 [7]. RP-1447 results for experimental Test case 4 were 

unsuccessful at maintaining the minimum required pressure differential at each closed door in 

the stairwell [7]. The test case did indicate compliance at floors one through six. However, the 

pressure differential at the seventh floor with a closed stairwell door and at the eighth, ninth 

and tenth floors with open doors remained below the required minimum. 

Experimental test case four, with three modifications, was simulated in Model Scenario 

4.1 using CONTAM. The first modification is that a fire condition and its thermal impacts 

cannot be simulated using CONTAM. The second modification is that the open window in the 

fire room (located on the second floor of the building) included in RP-1447 experimental test 

case four was not included in the CONTAM model. The open window was required during the 
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experimental test in RP-1447 to provide fresh oxygen for the fire. The third modification is 

that CONTAM cannot simulate fire sprinkler protection. An exit stairwell shaft temperature of 

34⁰ F (1.11⁰ C) was utilized for modeling purposes, all scenarios discussed below utilize this 

temperature unless noted otherwise. An interior building temperature of 70⁰ F (21.11⁰ C) was 

utilized for calculations and modeling purposes for all scenarios. 

The CONTAM model results for Model Scenario 4.1 indicate that the minimum 

required pressure differential was not maintained at any of the stairwell doors. Model Scenarios 

1.1, 2.1 and 4.1 utilized the same stair pressurization fan size. Since the CONTAM simulations 

for Model Scenarios 1.1 (no open stairwell doors) and 2.1 (two open stairwell doors) indicate 

that the minimum required pressure differential was not maintained at the stairwell doors, it 

was not expected that the minimum required pressure differential would be maintained in 

Model Scenario 4.1 with three open stairwell doors. 

Model Scenario 4.2 

Model Scenario 4.2 was simulated in CONTAM using all specifications from RP-1447 

except the exterior window in the fire room was closed and the stair pressurization total airflow 

rate was increased by a factor of ten to 17,000 cfm total with uniform airflow of 1,700 cfm at 

each airflow injection vent. Figure 40 gives the CONTAM results as well as the measured data 

from RP-1447 for test case four [7].  
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Figure 40: Model Scenario 4.2 Pressure Differential Comparison 

As noted in Figure 40 above, the differential pressure at the closed stairwell doors was 

well above the maximum allowed. RP-1447 results indicated that minimum pressure 

differential requirements were met at floors one through six, but maximum pressure differential 

limitations were not approached. This result does not agree with the CONTAM results in 

Figure 40 above. As you can see, the pressure at the top of the shaft dropped drastically due to 

the three consecutive open stairwell doors. CONTAM did indicate that there was a slight 

positive pressure differential at the eighth, ninth and tenth floors.  

Model Scenario 4.3 

For Model Scenario 4.3, an IBC/NFPA 92 model calculation was completed using the 

process described in Chapter 3 for the rational analysis. Building information (height, area, 

airflow leakage) and climate data (wind, temperature, and building location) were utilized from 

RP-1447 experimental test case four. However, the open window on the fire floor was not 

included in the IBC/NFPA 92 model calculation or the CONTAM simulation. The airflow 

velocity through an open door utilized in the model calculation is 300 fpm as discussed in 
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Chapter 3. An exit stairwell shaft temperature of 68° F (20° C) was utilized for this Model 

Scenario during the entire model calculation and CONTAM simulation. This requires the 

largest stair pressurization fan size for the winter scenario because the stack effect coefficient 

is the greatest for this condition as discussed in Model Scenarios 1.3 and 2.3. Based on this 

information, the stair pressurization fan size calculated using the IBC/NFPA 92 procedure was 

found to be approximately 13,800 cfm total airflow for the stairwell. As discussed in Model 

Scenarios 1.3 and 2.3, no safety factor was included in any model test case scenario for 

consistency with RP-1447. Similar to CONTAM, the IBC/NFPA 92 model calculations do not 

account for fire sprinkler protection or fire thermal effects. 

The IBC/NFPA 92 model calculated stair pressurization fan size for this Model 

Scenario, 13,800 cfm, more than eight times greater than the 1,700 cfm reported in RP-1447 

experimental test case four. Additionally, the IBC/NFPA 92 model calculations indicate that 

the stairwell door opening forces for this Model Scenario will be less than the maximum 30 lb 

(133 N) of force allowed even with the 13,800 cfm. Figure 41 gives the CONTAM and 

IBC/NFPA 92 model calculation results as well as the measured data from RP-1447 for test 

case four [7]. 
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Figure 41: Model Scenario 4.3 Pressure Differential Comparison 

Similar to other IBC/NFPA 92 model calculation results, Figure 41 indicates that all 

stairwell doors meet the minimum pressure differential, even the open doors on the eighth, 

ninth and tenth floors. Additionally, the figure indicates an increase in pressure differential 

from the lower floors to the upper floors, which is interesting considering the additional flow 

that is lost from the shaft through the approximately 31 ft2 (2.88 m2) of airflow path for open 

doors. 

The stair pressurization fan size resulting from the IBC/NFPA 92 model calculation 

was then simulated in CONTAM. This simulation included variable (non-uniform) 

pressurization airflow at each vent based on the IBC/NFPA 92 model calculation. Similar to 

the IBC/NFPA 92 model calculation for this scenario, the window in the fire room and fire 

sprinkler protection were not included in the CONTAM model. As noted above in Figure 41, 

the differential pressure in the CONTAM model exceeds the maximum allowable requirement 

at the closed doors and drops below the minimum allowable requirement at the open doors. 
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Results from the Model Scenario 4.3 CONTAM model are fairly similar to Model 

Scenario 4.2 and do not match either the results for either RP-1447 or the IBC/NFPA 92 model 

calculation. See additional discussion in Model Scenario 4.2. 

Model Scenario 4.4 

Model Scenario 4.4 matched all of the criteria from Model Scenario 4.3 except for the 

stair pressurization fan size and amount of airflow at each pressurization vent. In this scenario, 

the stair pressurization fan size and pressurization vent airflow were simulated with uniform 

airflow at each pressurization vent to a minimum differential pressure of 0.10 in. w.g. at any 

stairwell door. The resulting minimum stair pressurization fan size in the CONTAM simulation 

was then utilized. The open window on the fire floor was not included in the CONTAM 

simulation. In this scenario, the stair pressurization fan size modeled in CONTAM was 4,500 

cfm total with 450 cfm provided at each of the airflow injection vents in the stairwell. This 

resulted in a minimum pressure differential of 0.10 in. w.g (25 Pa) at seven of the ten stairwell 

doors (the exterior door at grade is ignored since it will not transfer airflow to the building 

interior). Figure 42 gives the CONTAM results as well as the measured data from RP-1447 for 

test case four [7]. 
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Figure 42: Model Scenario 4.4 Pressure Differential Comparison 

This scenario represents possibly the lowest cost installation for the Model Scenarios 

in 4.1-4.5 as it is the smallest stair pressurization fan, based on total CFM, required in this 

specific situation that still meets the minimum requirements in the IBC based on CONTAM. 

It is important to note that this stair pressurization fan size is smaller than the stair 

pressurization fan sized by the rational analysis process in Model Scenario 4.3. Similar to the 

discussion of results in Model Scenario 4.2 and 4.3, the consecutive doors open at the top of 

the shaft and the method of air balancing in CONTAM likely play a major factor in the size of 

the stair pressurization fan. It is interesting to note that the CONTAM simulation is more 

similar in nature than the IBC/NFPA 92 calculation results discussed in Model Scenario 4.3.  

Model Scenario 4.5 

Model Scenario 4.5 was simulated in CONTAM based on the results of Model Scenario 

4.4. This stair pressurization fan size was adjusted to account for the open window in the fire 

room, the resulting stair pressurization fan size modeled in CONTAM was 5,000 cfm with 500 

cfm provided at each of the airflow injection vents in the stairwell. This scenario was then 
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modeled in FDS using the CONTAM simulation as a basis. Figure 43 gives the CONTAM 

results as well as the measured data from RP-1447 for test case four [7]. 

 

Figure 43: Model Scenario 4.5 Pressure Differential Comparison 

The results of the CONTAM model are compare well to the experimental results of 

RP-1447, test case four. The one issue is that the pressure differential at the second floor 

exceeds the maximum allowable limit of 0.35 in. w.g. (model reported 0.359 in w.g.). As the 

stair pressurization fan size was determined through CONTAM, several scenarios were run to 

look at reducing the pressure differential at the second floor, however, these attempts resulted 

in reducing the pressure differential at the lower levels below the minimum allowable (0.10 in. 

w.g.). Additionally, and as noted previously, this simulation does not contain a fire, which may 

impact the airflow through the open window and also the pressure inside the building, which 

may lead to a different differential pressure at the exit stairwell door. 

This Model Scenario was also simulated using Fire Dynamic Simulator (FDS), a 

computational fluid dynamic modeling (CFD) program using the reported conditions noted in 

RP-1447 for experimental test case four [7].  
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As noted in RP-1447, the criteria to be simulated/measured (during experimental test 

cases) were: 1) Fractional effective dose (FED), 2) Visibility, and 3) Temperature [7]. These 

criteria were discussed previously in Chapters 2, 3, 4 and 5. To be considered tenable; 

fractional effective dose (FED) will be less than 0.5 at all locations in the exit stairwell, 

visibility will be greater than 25 ft (7.6 m) and temperature will remain below 248⁰ F (120⁰ C). 

Tenability results of the FDS simulation follow below.  

Figure 44 shows the simulated FED results in the exit stairwell. As you can see, all of 

the floors remain well below the maximum allowable FED limit. 

 

Figure 44: Model Scenario 4.5 Fractional Effective Dose 

Figure 45 shows the simulated visibility results in the exit stairwell. As you can see, 

floors three through eight all showed a decrease in visibility near the second peak heat release 

of the fire at approximately 1,100 seconds. The sixth, fifth, fourth and third floors all reported 

a decrease in visibility below the minimum required limits. The seventh and eighth floors 
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reported a decrease in visibility at this same time period but remained above the minimum 

required limit.  

 

Figure 45: Model Scenario 4.5 Visibility 

Figure 46 shows the simulated temperature results in the exit stairwell. Based on 

research discussed earlier in this report, it was expected that the temperature would decrease 

in the exit stairwell shaft as fresh cooler air from the exterior was introduced through the stair 

pressurization injection points. The FDS simulation indicates a quick reduction in temperature 

for all floors followed by a temperature increase near the second peak heat release of the fire 

at approximately 1,100 seconds. The entire stairwell, however, remained well below the 

allowable maximum limit. 
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Figure 46: Model Scenario 4.5 Temperature 

This Model Scenario failed due to the results of the visibility simulation on the third, 

fourth, fifth and sixth floors based on criteria set forth in RP-1447, which dropped below the 

required minimum level [7]. RP-1447 reported that the experimental test case four passed all 

tenability criteria even with a small amount of stair pressurization injection air being utilized.  

Model Scenarios 5.1-5.4 

The model test case scenarios that follow are all based on RP-1447 experimental test 

case five. Each Model Scenario utilized the same parameters with the eighth, ninth and tenth 

floor stairwell doors as well as the exterior stairwell door open. The objective of these Model 

Scenarios was to investigate the stair pressurization fan size that would meet International 

Building Code (IBC) and NFPA 92 requirements for the experimental conditions observed in 

RP-1447. Each model test case scenario is described, and results given below. 
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Model Scenario 5.1 

Model Scenario 5.1 was simulated in CONTAM using all specifications from RP-1447 

except the exterior window in the fire room was closed. An exit stairwell shaft temperature of 

34⁰ F (1.11⁰ C) was utilized for modeling purposes, all scenarios discussed below utilize this 

temperature unless noted otherwise. An interior building temperature of 70⁰ F (21.11⁰ C) was 

utilized for calculations and modeling purposes for all scenarios.  

The CONTAM model results for Model Scenario 5.1 indicate that the minimum 

required pressure differential was not maintained at any of the stairwell doors. Model Scenarios 

1.1, 2.1, 4.1 and 5.1 utilized the same stair pressurization fan size. Since the CONTAM 

simulations for Model Scenarios 1.1 (no open stairwell doors) and 2.1 (two open stairwell 

doors) indicate that the minimum required pressure differential was not maintained at the 

stairwell doors, it was not expected that the minimum required pressure differential would be 

maintained in Model Scenario 4.1 and 5.1 with three open stairwell doors. 

Model Scenario 5.2 

For Model Scenario 5.2, an IBC/NFPA 92 model calculation was completed using the 

process described in Chapter 3 for the rational analysis. Building information (height, area, 

airflow leakage) and climate data (wind, temperature, and building location) were utilized from 

RP-1447 experimental test case five. However, the open window on the fire floor was not 

included in the IBC model calculation or the CONTAM simulation. The airflow velocity 

through an open door utilized in the model calculation is 300 fpm as discussed in Chapter 3. 

An exit stairwell shaft temperature of 68° F (20° C) was utilized for this Model Scenario during 

the entire model calculation and CONTAM simulation. This requires the largest stair 

pressurization fan size for the winter scenario because the stack effect coefficient is the greatest 
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for this condition as discussed in Model Scenarios 1.3 and 2.3. Based on this information, the 

stair pressurization fan size calculated using the IBC/NFPA 92 procedure was found to be 

approximately 15,158 cfm total airflow for the stairwell. As discussed in Model Scenarios 1.3 

and 2.3, no safety factor was included in any model test case scenario for consistency with RP-

1447. Similar to CONTAM, the IBC/NFPA 92 model calculations do not account for fire 

sprinkler protection or fire thermal effects. 

The IBC/NFPA 92 model calculation stair pressurization fan size for this Model 

Scenario, 15,158 cfm, is approximately nine times greater than the 1,700 cfm reported in RP-

1447 experimental test case five. Additionally, the IBC/NFPA 92 model calculations indicate 

that the stairwell door opening forces for this Model Scenario will be less than the maximum 

30 lb (133 N) of force allowed even with the 15,158 cfm. Figure 47 gives the CONTAM and 

IBC/NFPA 92 model calculation results as well as the measured data from RP-1447 for test 

case five [7]. 
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Figure 47: Model Scenario 5.2 Pressure Differential Comparison 

Similar to other IBC/NFPA 92 model calculation results, Figure 47 indicates that all 

stairwell doors meet the minimum pressure differential, even the open doors on the eighth, 

ninth and tenth floors. Additionally, the figure indicates an increase in pressure differential 

from the lower floors to the upper floors, which is interesting considering the additional flow 

that is lost from the shaft through the approximately 42 ft2 (3.90 m2) of airflow paths for open 

doors. 

The stair pressurization fan size resulting from the IBC/NFPA 92 model calculation 

was then simulated in CONTAM. This simulation included variable (non-uniform) 

pressurization airflow at each vent based on the IBC model calculation. Similar to the 

IBC/NFPA 92 model calculation for this scenario, the window in the fire room and fire 

sprinkler protection were not included in the CONTAM model. As noted above in Figure 47, 

the differential pressure in the CONTAM model does not indicate compliance at any level.  
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One additional item of note; CONTAM and IBC/NFPA 92 model calculations are 

unable to simulate exterior conditions that may exist and affect pressure and temperature within 

the exit stairwell shaft. This may warrant additional CFD modeling or design considerations. 

Model Scenario 5.3 

Model Scenario 5.3 was simulated in CONTAM with uniform airflow at each 

pressurization vent. In this scenario, the stair pressurization fan size and pressurization vent 

airflow were simulated with uniform airflow at each pressurization vent to a minimum 

differential pressure of 0.10 in. w.g. (25 Pa) at any stairwell door. The resulting minimum stair 

pressurization fan size in the CONTAM simulation was then utilized. The open window on the 

fire floor was not included in the CONTAM simulation. In this scenario, the stair pressurization 

fan size modeled in CONTAM was 20,500 cfm total with 2,050 cfm provided at each of the 

airflow injection vents in the stairwell. This resulted in a minimum pressure differential of 0.10 

in. w.g. (25 Pa) at seven of the ten stairwell doors (the exterior door at grade is ignored since 

it will not transfer airflow to the building interior). Figure 48 below gives the CONTAM results 

as well as the measured data from RP-1447 for test case five [7]. 
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Figure 48: Model Scenario 5.3 Pressure Differential Comparison 

This scenario represents possibly the lowest cost installation for the Model Scenarios 

in 5.1-5.4 as it is the smallest stair pressurization fan, based on total airflow, required in this 

specific situation that still meets the minimum requirements in the IBC based on CONTAM. 

It is important to note that this stair pressurization fan size is smaller than the stair 

pressurization fan sized by the rational analysis process in Model Scenario 4.3. Similar to the 

discussion of results in Model Scenario 4.2 and 4.3, the consecutive doors open at the top of 

the shaft and the method of air balancing in CONTAM likely play a major factor in the size of 

the stair pressurization fan. As noted in Model Scenario 5.2, the IBC/NFPA 92 model 

calculation indicate compliance for a smaller stair fan pressurization fan size than what is 

required by the CONTAM simulation in Model Scenario 5.3.  

Model Scenario 5.4 

Model Scenario 5.4 was simulated in CONTAM with uniform airflow at each 

pressurization vent. The stair pressurization airflow rate was adjusted until the minimum 

pressure differential was met at all closed doors. The exterior window in the fire room was 
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open. The resulting stair pressurization fan size was 19,000 cfm with 1,900 cfm per airflow 

injection vent.  The scenario was then simulated in FDS using the stair pressurization airflow 

rate determined by the CONTAM simulation. Figure 49 gives the CONTAM results as well as 

the measured data from RP-1447 for test case five [7]. 

 

Figure 49: Model Scenario 5.4 Pressure Differential Comparison 

The results of the CONTAM model do not compare well to the experimental results of 

RP-1447, test case five. In general, the differential pressure results from the CONTAM model 

indicated that the minimum pressure is met at all of the closed doors except for the second 

floor. This may be impacted by the use of an open exterior door, which as described in Model 

Scenario 5.3 cannot be simulated in CONTAM. The exterior opening in the experimental test 

case may allow wind and temperature effects to impact the pressure within the exit stairwell 

shaft.  

Another issue is that the pressure differential at the second floor exceeds the maximum 

allowable limit of 0.35 in. w.g. (model reported 0.397 in w.g.). As the stair pressurization fan 

size was determined through CONTAM, several scenarios were run to look at reducing the 
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pressure differential at the second floor however these attempts ended in reducing the pressure 

differential at the other closed stairwell doors below the minimum allowable (0.10 in.w.g.). 

Additionally, and as noted previously, this simulation does not contain a fire, which may 

impact the flow through the open window and also the pressure inside the building, which may 

lead to a different differential pressure at the exit stairwell door. 

This Model Scenario was also simulated using Fire Dynamic Simulator (FDS), a 

computational fluid dynamic modeling (CFD) program using the reported conditions noted in 

RP-1447 for Experimental test case five [7].  

As noted in RP-1447, the criteria to be simulated/measured (during experimental test 

cases) were: 1) Fractional effective dose (FED), 2) Visibility, and 3) Temperature [7]. These 

criteria were discussed previously in Chapters 2, 3, 4 and 5. To be considered tenable; 

fractional effective dose (FED) will be less than 0.5 at all locations in the exit stairwell, 

visibility will be greater than 25 ft (7.6 m) and temperature will remain below 248⁰ F (120⁰ C). 

Tenability results of the FDS simulation follow below.  

Figure 50 shows the simulated FED results in the exit stairwell. As you can see, all of 

the floors remain well below the maximum allowable FED limit. 
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Figure 50: Model Scenario 5.4 Fractional Effective Dose 

Figure 51 shows the simulated visibility results in the exit stairwell. As you can see, all 

floors remain well above the minimum required level. 

 

Figure 51: Model Scenario 5.4 Visibility 

Figure 52 shows the simulated temperature results in the exit stairwell. Based on 

research discussed earlier in this report, it was expected that the temperature would decrease 
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in the exit stairwell shaft as fresh cooler air from the exterior was introduced through the stair 

pressurization injection points. The FDS simulation indicates a quick reduction in temperature 

for all floors. Second floor shows two brief temperature spikes near the peak heat release of 

the fire around 250 seconds, but both spikes remain well below maximum allowable limits 

similar to the rest of the stairwell.  

 

Figure 52: Model Scenario 5.4 Temperature 

This Model Scenario passed based on the tenability results simulated and criteria set 

forth in RP-1447 [7]. RP-1447 however reported that the experimental test case five passed all 

tenability criteria as well even though the stair pressurization fan size was smaller than utilized 
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Model Scenarios 6.1-6.3 

The model test case scenarios that follow are all based on RP-1447 experimental test 
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Scenario only included a single injection stair pressurization system rather than a multiple 

injection system that was utilized in Model Scenarios 5.1-5.4. The objective of these Model 

Scenarios was to investigate the stair pressurization fan size that would meet International 

Building Code (IBC) and NFPA 92 requirements for the experimental conditions observed in 

RP-1447. Each model test case scenario is described, and results given below. 

Model Scenario 6.1 

Model Scenario 6.1 was simulated in CONTAM using all specifications from RP-1447 

except the exterior window in the fire room was closed. An exit stairwell shaft temperature of 

34⁰ F (1.11⁰ C) was utilized for modeling purposes, all scenarios discussed below utilize this 

temperature unless noted otherwise. An interior building temperature of 70⁰ F (21.11⁰ C) was 

utilized for calculations and modeling purposes for all scenarios. 

The CONTAM model results for Model Scenario 6.1 indicate that the minimum 

required pressure differential was not maintained at any of the stairwell doors. Model Scenarios 

1.1, 2.1, 4.1, 5.1 and 6.1 utilized the same stair pressurization fan size. Since the CONTAM 

simulations for Model Scenarios 1.1 (no open stairwell doors) and 2.1 (two open stairwell 

doors) indicate that the minimum required pressure differential was not maintained at the 

stairwell doors, it was not expected that the minimum required pressure differential would be 

maintained in Model Scenario 4.1 and 5.1 with three open stairwell doors or in Model Scenario 

6.1 with four open doors. 

As noted above Model Scenario 6.1 matched conditions in Model Scenario 5.1 but 

switched from a multiple injection stair pressurization system to a single injection stair 

pressurization system with a single fan injecting air at the top of the exit stairwell shaft. Figure 

53 gives the CONTAM results from both Model Scenarios 5.1 and 6.1. 
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Figure 53: Model Scenario 5.1-6.1 CONTAM Pressure Differential Comparison 

As noted above in Figure 53, the pressure differential at the open doors was similar but 

pressure differential at the closed doors varied slightly. The single injection stair pressurization 

system simulated in Model Scenario 6.1 performed slightly better, which is opposite of most 

literature and discussion regarding multiple injections systems, which should perform better 

than single injection systems when doors are open as reported in RP-1447 [7]. 

Figure 54 gives the CONTAM results for Model Scenarios 5.1 and 6.1 as well as the 

measured data from RP-1447 for test cases five and six [7]. 
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Figure 54: Model Scenario 5.1-6.1 Pressure Differential Comparison 

As noted in Figure 54 above, the results from experimental test case five and six have 

similarities for the pressure differential at floors one through five in the exit stairwell shaft. 

Above these floors, the open doors at eighth, ninth and tenth floors clearly impacted the 

experimental test results and applicable injection systems differently. Where the multiple 

injection in experimental test case five offered a positive pressure differential at the ninth floor, 

the single injection system did not offer a measurable pressure differential. Based on previous 

results discussed, we would not expect a measurable positive pressure differential from an open 

door based on the experimental results of RP-1447 or CONTAM modeling [7]. 

Model Scenario 6.2 

Model Scenario 6.2 was simulated in CONTAM with uniform airflow at each 

pressurization vent. The stair pressurization airflow rate was adjusted until the minimum 

pressure differential was met at all closed doors. The open window on the fire floor was not 

included in the CONTAM simulation. In this scenario, the stair pressurization fan size modeled 
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in CONTAM was 21,000 cfm. This is 500 cfm more than the multiple injection system 

simulated in Model Scenario 5.3. This resulted in a minimum pressure differential of 0.10 in. 

w.g (25 Pa) at seven of the ten stairwell doors (the exterior door at grade is neglected since it 

will not transfer airflow to the building interior). The scenario was then simulated in FDS using 

the stair pressurization airflow rate determined by the CONTAM simulation. Figure 55 below 

gives the CONTAM results as well as the measured data from RP-1447 for test case four [7]. 

 

Figure 55: Model Scenario 6.2 Pressure Differential Comparison 

This scenario represents possibly the lowest cost installation for the Model Scenarios 

in 6.1-6.3 as it is the smallest stair pressurization fan, based on total CFM, required in this 

specific situation that still meets the minimum requirements in the IBC based on CONTAM. 

As this is a single injection system, this may represent the lowest cost installation for Model 

Scenarios 5.1-5.4 and 6.1-6.3. Even though this scenario included a slightly larger stair 

pressurization fan, it does not include additional equipment or labor to install airflow injection 

vents and associated ductwork at each level in the exit stairwell shaft. Based on results from 

previous Model Scenarios, the IBC/NFPA 92 model calculation for stair pressurization fan size 
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would be the same as indicated in Model Scenario 5.2 as the open doors are the same (15,158 

cfm). As noted above and discussed previously, the IBC/NFPA 92 model calculation reported 

compliance at all ten doors (including the open doors), which does not match CONTAM 

results. Additionally, it is difficult to calculate exterior temperature and wind conditions using 

the IBC/NFPA 92 model calculation, which may have additional impact on the results noted 

above in Figure 55. 

Model Scenario 6.3 

Model Scenario 6.3 was based on Model Scenario 6.2 and included the open window 

in the fire room. The stair pressurization fan size was adjusted to account for the open window. 

CONTAM simulations indicated that the stair pressurization fan size for this Model Scenario 

is 20,750 cfm. This stair pressurization fan size is slightly less than the fan size required in 

Model Scenario 6.2 to provide the minimum pressure differential at all open doors. Model 

Scenario 6.3 was also simulated in FDS using the stair pressurization airflow rate determined 

by the CONTAM simulation. Figure 56 gives the CONTAM results as well as the measured 

data from RP-1447 for test case six [7]. 
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Figure 56: Model Scenario 6.3 Pressure Differential Comparison 

The results of the CONTAM simulation do not compare well to the experimental results 

of RP-1447, test case six as indicated above in Figure 56. In general, the differential pressure 

results from the CONTAM model indicated that the minimum pressure is met at all of the 

closed doors except for the second floor. This may be impacted by the use of an open exterior 

door, which as described in previous Model Scenarios cannot be simulated in CONTAM. The 

exterior opening in the experimental test case may allow wind and temperature effects to 

impact the pressure within the exit stairwell shaft.  

Another issue is that the pressure differential at the second floor exceeds the maximum 

allowable limit of 0.35 in. w.g. (model reported 0.395 in w.g.). As the stair pressurization fan 

size was determined through CONTAM, several scenarios were run to look at reducing the 

pressure differential at the second floor however these attempts ended in reducing the pressure 

differential at the other closed stairwell doors below the minimum allowable (0.10 in.w.g.). 

Additionally, and as noted previously, this simulation does not contain a fire, which may 
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impact the airflow through the open window and also the pressure inside the building, which 

may lead to a different differential pressure at the exit stairwell door. 

Model Scenarios 7.1-7.2 

The model test case scenarios that follow are all based on RP-1447 experimental test 

case seven. Each Model Scenario utilized the same parameters with the first, eighth, ninth and 

tenth floor stairwell doors open. This test case and Model Scenario only included a single 

injection stair pressurization system. The objective of these Model Scenarios was to investigate 

the stair pressurization fan size that would meet International Building Code (IBC) and NFPA 

92 requirements for the experimental conditions observed in RP-1447. An exit stairwell shaft 

temperature of 34⁰ F (1.11⁰ C) was utilized for modeling purposes, all scenarios discussed 

below utilize this temperature unless noted otherwise. An interior building temperature of 70⁰ 

F (21.11⁰ C) was utilized for calculations and modeling purposes for all scenarios.  Each model 

test case scenario is described, and results given below. 

Model Scenario 7.1 

Model Scenario 7.1 was simulated in CONTAM using all specifications from RP-1447 

except the exterior window in the fire room was closed. The CONTAM simulation results for 

Model Scenario 7.1 indicate that the minimum required pressure differential was not 

maintained at any of the stairwell doors. Model Scenarios 1.1, 2.1, 4.1, 5.1 and 6.1 utilized the 

same stair pressurization fan size. Since the CONTAM simulations for Model Scenarios 1.1 

(no open stairwell doors) and 2.1 (two open stairwell doors) indicate that the minimum required 

pressure differential was not maintained at the stairwell doors, it was not expected that the 

minimum required pressure differential would be maintained in this Model Scenario with four 
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open stairwell doors. Figure 57 below gives the CONTAM results as well as the measured data 

from RP-1447 for test case seven [7]. 

 

Figure 57: Model Scenario 7.1 Pressure Differential Comparison 

The CONTAM simulation and RP-1447 results indicated above in Figure 57 compare 

well. As the exterior stairwell door was closed in this test case/Model Scenario, the exterior 

conditions had less impact on the differential pressure within the exit stairwell shaft, unlike 

some other Model Scenarios that did include an open exterior stairwell door. 

Model Scenario 7.2 

Model Scenario 7.2 was based on RP-1447 criteria and included the open window in 

the fire room. This scenario was simulated in CONTAM. The stair pressurization airflow rate 

was adjusted until the minimum pressure differential was met at all closed doors. The open 

window on the fire floor was included in the CONTAM simulation. In this scenario, the stair 

pressurization fan size modeled in CONTAM was 4,750 cfm. This resulted in a minimum 

pressure differential of 0.10 in. w.g (25 Pa) at six of the ten stairwell doors (the exterior door 

at grade is ignored since it will not transfer airflow to the building interior). The scenario was 
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then simulated in FDS using the stair pressurization airflow rate determined by the CONTAM 

simulation. Figure 58 below gives the CONTAM results as well as the measured data from 

RP-1447 for test case seven [7]. 

  

 

Figure 58: Model Scenario 7.2 Pressure Differential Comparison 

The results of the CONTAM simulation do not compare well to the experimental results 

of RP-1447, test case seven as indicated above in Figure 58. This is expected as the stair 

pressurization fan in experimental test case seven is 1,700 cfm as opposed to 4,750 cfm in this 

Model Scenario. In general, the differential pressure results from the CONTAM model 

indicated that the minimum pressure is met at all of the closed doors. Additionally, the 

differential pressure at the second floor stairwell door is below the maximum allowed (0.35 in. 

w.g.). While a similar condition occurs with other Model Scenarios with the window open in 

the fire room, since the exterior stairwell door is not open in this scenario, the exterior 

conditions have less impact on this scenario. Additionally, and as noted previously in other 

Model Scenarios, this simulation does not contain a fire, which may impact the airflow through 
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the open window and also the pressure inside the building, which may lead to a varying 

differential pressure at the exit stairwell door. 

Model Scenarios 8.1-8.2 

The model test case scenarios that follow are all based on RP-1447 experimental test 

case eight. Each Model Scenario utilized the same parameters with the first, third, fourth, fifth 

and sixth doors open. This test case and Model Scenario only included a single injection stair 

pressurization system. The objective of these Model Scenarios was to investigate the stair 

pressurization fan size that would meet International Building Code (IBC) and NFPA 92 

requirements for the experimental conditions observed in RP-1447. An exit stairwell shaft 

temperature of 34⁰ F (1.11⁰ C) was utilized for modeling purposes, all scenarios discussed 

below utilize this temperature unless noted otherwise. An interior building temperature of 70⁰ 

F (21.11⁰ C) was utilized for calculations and modeling purposes for all scenarios.  Each model 

test case scenario is described, and results given below. 

Model Scenario 8.1 

Model Scenario 8.1 was simulated in CONTAM with uniform airflow at each 

pressurization vent. The stair pressurization airflow rate was adjusted until the minimum 

pressure differential was met at all closed doors. The open window on the fire floor was not 

included in the CONTAM simulation. In this scenario, the stair pressurization fan size modeled 

in CONTAM was 5,000 cfm. This is approximately three times more than the 1,700 cfm 

provided in RP-1447. This resulted in a minimum pressure differential of 0.10 in. w.g (25 Pa) 

at five of the ten stairwell doors (the exterior door at grade is ignored since it will not transfer 

airflow to the building interior). Figure 59 below gives the CONTAM results as well as the 

measured data from RP-1447 for test case eight [7]. 
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Figure 59: Model Scenario 8.1 Pressure Differential Comparison 

As noted above in Figure 59, the RP-1447 results do not indicate minimum pressure 

differentials are met any exit stairwell doors, while CONTAM indicates compliance at the 

closed stairwell doors. As the CONTAM stair pressurization fan is approximately three times 

larger than the RP-1447 experimental test case, it is expected that the CONTAM results would 

not align with the experimental results. 

Model Scenario 8.2 

Model Scenario 8.2 was simulated in CONTAM with uniform airflow at each 

pressurization vent. The stair pressurization airflow rate was adjusted until the minimum 

pressure differential was met at all closed doors. The exterior window in the fire room was 

open. In this scenario, the stair pressurization fan size modeled in CONTAM was 4,750 cfm. 

This represents a reduction of 250 cfm from Model Scenario 8.1, which did not include the 

open window in the fire room. As this Model Scenario did include the open window, there is 

additional airflow (approximately 785 cfm) from the building to the exterior which impacted 

the differential pressure at the second floor stairwell door, likely resulting in the decrease in 
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stair pressurization fan size. This simulation resulted in a minimum pressure differential of 

0.10 in. w.g (25 Pa) at five of the ten stairwell doors (the exterior door at grade is ignored since 

it will not transfer airflow to the building interior). Model Scenario 8.2 was also simulated in 

FDS using the stair pressurization airflow rate determined by the CONTAM simulation. Figure 

60 below gives the CONTAM results as well as the measured data from RP-1447 for test case 

eight [7]. 

 

Figure 60: Model Scenario 8.2 Pressure Differential Comparison 

Figure 60 above shows similar results to Model Scenario 8.1 except that the differential 

pressure at the second floor stairwell door is much higher due to the open window in the fire 

room. As discussed previously in other Model Scenarios; there is additional airflow moving 

from the building through the open window to the exterior, which is causing a greater 

differential pressure difference between the exterior, building and exit stairwell shaft. The 

closed stairwell doors all show compliance within the required minimum and maximum 

allowable differential pressures. 
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Model Scenarios 9.1-9.2 

The model test case scenarios that follow are all based on RP-1447 experimental test 

case nine. Each Model Scenario utilized the same parameters with the second, ninth and tenth 

doors open. This test case and Model Scenario only included a single injection stair 

pressurization system. The objective of these Model Scenarios was to investigate the stair 

pressurization fan size that would meet International Building Code (IBC) and NFPA 92 

requirements for the experimental conditions observed in RP-1447. An exit stairwell shaft 

temperature of 34⁰ F (1.11⁰ C) was utilized for modeling purposes, all scenarios discussed 

below utilize this temperature unless noted otherwise. An interior building temperature of 70⁰ 

F (21.11⁰ C) was utilized for calculations and modeling purposes for all scenarios.  Each model 

test case scenario is described, and results given below. 

Model Scenario 9.1 

Model Scenario 9.1 was simulated in CONTAM using all specifications from RP-1447 

except the exterior window in the fire room was closed. The CONTAM simulation results for 

Model Scenario 9.1 indicate that the minimum required pressure differential was maintained 

at only one of the closed stairwell doors (eighth floor). Model Scenarios 1.1, 2.1, 4.1, 5.1, 6.1 

and 7.1 utilized the same stair pressurization fan size. Since the CONTAM simulations for 

Model Scenarios 1.1 (no open stairwell doors) and 2.1 (two open stairwell doors) indicate that 

the minimum required pressure differential was not maintained at the stairwell doors, it was 

not expected that the minimum required pressure differential would be maintained in this 

Model Scenario with three open stairwell doors. Figure 61 below gives the CONTAM results 

as well as the measured data from RP-1447 for test case nine [7]. 
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Figure 61: Model Scenario 9.1 Pressure Differential Comparison 

The CONTAM simulation and RP-1447 results indicated above in Figure 61 compare 

well. As the exterior stairwell door was closed in this test case/Model Scenario, the exterior 

conditions had less impact on the differential pressure within the exit stairwell shaft, unlike 

some other Model Scenarios that did include an open exterior stairwell door. It is interesting 

that RP-1447 indicated that the eighth floor stairwell door met minimum differential pressure 

requirements while CONTAM indicated a lower differential pressure trend that followed 

through the exit stairwell shaft. 

Model Scenario 9.2 

Model Scenario 9.2 was simulated in CONTAM with uniform airflow at each 

pressurization vent. The stair pressurization airflow rate was adjusted until the minimum 

pressure differential was met at all closed doors. The exterior window in the fire room was 

open. In this scenario, the stair pressurization fan size modeled in CONTAM was 17,500 cfm. 

As this Model Scenario did include the open window, there is additional airflow 

(approximately 1,295 cfm) from the building to the exterior which impacted the differential 
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pressure at the second floor stairwell door. This simulation resulted in a minimum pressure 

differential of 0.10 in. w.g at seven of the ten stairwell doors (the exterior door at grade is 

ignored since it will not transfer airflow to the building interior). Model Scenario 8.2 was also 

simulated in FDS using the stair pressurization airflow rate determined by the CONTAM 

simulation. Figure 62 below gives the CONTAM results as well as the measured data from 

RP-1447 for test case nine [7]. 

 

Figure 62: Model Scenario 9.2 Pressure Differential Comparison 

Figure 62 above shows similar trends between CONTAM and RP-1447 except that the 

differential pressure at the second floor stairwell door is much higher due to the open window 

in the fire room. As discussed previously in other Model Scenarios; there is additional airflow 

moving from the building through the open window to the exterior, which is causing a greater 

differential pressure difference between the exterior, building and exit stairwell shaft. The 

closed stairwell doors all show compliance within the required minimum and maximum 

allowable differential pressures. 
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Model Scenarios 10.1-10.2 

The model test case scenarios that follow are all based on RP-1447 experimental test 

case ten. Each Model Scenario utilized the same parameters with only the exterior door open. 

This test case and Model Scenario only included a single injection stair pressurization system. 

The objective of these Model Scenarios was to investigate the stair pressurization fan size that 

would meet International Building Code (IBC) and NFPA 92 requirements for the 

experimental conditions observed in RP-1447. An exit stairwell shaft temperature of 34⁰ F 

(1.11⁰ C) was utilized for modeling purposes, all scenarios discussed below utilize this 

temperature unless noted otherwise. An interior building temperature of 70⁰ F (21.11⁰ C) was 

utilized for calculations and modeling purposes for all scenarios.  Each model test case scenario 

is described, and results given below. 

Model Scenario 10.1 

Model Scenario 10.1 was simulated in CONTAM using all specifications from RP-

1447 except the exterior window in the fire room was closed. The CONTAM simulation results 

for Model Scenario 10.1 indicate that the minimum required pressure differential was 

maintained at none of the stairwell doors. Model Scenarios 1.1, 2.1, 4.1, 5.1, 6.1, 7.1 and 9.1 

utilized the same stair pressurization fan size. Since the CONTAM simulations for Model 

Scenarios 1.1 (no open stairwell doors) and 2.1 (two open stairwell doors) indicate that the 

minimum required pressure differential was not maintained at the stairwell doors, it was not 

expected that the minimum required pressure differential would be maintained in this Model 

Scenario with a single open stairwell door, especially considering it is the exterior door which 

will include exterior conditions. Figure 63 below gives the CONTAM results as well as the 

measured data from RP-1447 for test case ten [7]. 
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Figure 63: Model Scenario 10.1 Pressure Differential Comparison 

The CONTAM simulation and RP-1447 results indicated above in Figure 63 compare 

well other than at the eighth and ninth floors. As discussed previously, the exterior door being 

open, allows for conditions from the exterior to impact the pressure and temperature within the 

exit stairwell shaft. It is interesting that RP-1447 indicated that the ninth floor stairwell door 

met minimum differential pressure requirements while CONTAM indicated a lower 

differential pressure trend that followed through the exit stairwell shaft. 

Model Scenarios 10.2 

Model Scenario 10.2 was simulated in CONTAM with uniform airflow at each 

pressurization vent. The stair pressurization airflow rate was adjusted until the minimum 

pressure differential was met at all closed doors. The exterior window in the fire room was 

open. In this scenario, the stair pressurization fan size modeled in CONTAM was 20,500 cfm. 

As this Model Scenario did include the open window, there is additional airflow 

(approximately 853 cfm) from the building to the exterior which impacted the differential 

pressure at the second floor stairwell door. This simulation resulted in a complying with 
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pressure differential requirements at nine of the ten stairwell doors. The second-floor stairwell 

door exceed maximum limitations due to the open window in the fire room as discussed in 

previous Model Scenarios. Model Scenario 10.2 was also simulated in FDS using the stair 

pressurization airflow rate determined by the CONTAM simulation. Figure 64 below gives the 

CONTAM results as well as the measured data from RP-1447 for test case ten [7]. 

 

Figure 64: Model Scenario 10.2 Pressure Differential Comparison 

Figure 64 above shows similar trends between CONTAM and RP-1447 except that the 

differential pressure at the second floor stairwell door is much higher due to the open window 

in the fire room. As discussed previously in other Model Scenarios; there is additional airflow 

moving from the building through the open window to the exterior, which is causing a greater 

differential pressure difference between the exterior, building and exit stairwell shaft. The 

closed stairwell doors all show compliance within the required minimum and maximum 

allowable differential pressures. 
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CHAPTER 8 

CONCLUSIONS 

Model Test Case Scenario Summary 

Model Test Case Scenario 1 

Table 9 below provides a summary of the results from the various modeling methods 

utilized to simulate the conditions of RP-1447 experimental test case one [7].  Experimental 

test case one did not have any open stairwell doors and utilized a multiple injection stair 

pressurization system with airflow injection vents at each level. RP-1447 reported that the stair 

pressurization system passed all criteria for this experimental test case [7]. 

Table 9: Model Scenario 1 Summary 

 

N/A = Not applicable 

The IBC/NFPA 92 model calculation results shown in Table 9 are from Model Scenario 

1.3. The CONTAM and FDS results shown in Table 9 are from Model Scenario 1.8. 

IBC/NFPA 92 model calculations and the CONTAM simulation required a larger stair 

pressurization fan size than RP-1447 to provide compliant pressure differentials at the stair 

doors. Using the CONTAM simulation stair pressurization fan size, FDS results indicated 

fractional effective dose (FED) and temperature were within allowable tenability criteria 

requirements, but visibility was not.  It is possible that the fire simulated in FDS did not exactly 

Fire Size
Minimum 

Stairwell 

Visibility

Maximum 

Stairwell 

Temperature

Minimum Pressure 

Differential at Closed 

Stairwell Door

Maximum Pressure 

Differential at Closed 

Stairwell Door

Stair Fan 

Size

Kw (Btu/s) m (ft) ⁰C (⁰F) Pa (in. w.g.) Pa (in. w.g.) m3/s (cfm)

4,300 30 20 55 80 0.802

(4,085) (98.4) (68) (0.22) (0.32) (1,700)

25 65 2.47

(0.10) (0.26) (5,224)

27 80 2.12

(0.107) (0.32) (4,500)

750 5 22.2 2.12

(712.5) (16.4) (72) (4,500)
N/A

0

0.0028

N/A N/A N/A N/A

N/A

FED

N/A N/A N/A N/A

RP-1447 Test Case One

IBC/NFPA 92 Model Calculation

CONTAM

FDS

Test/Modeling Method
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match the material properties of the fuel (wood cribs with small pans of methyl hydrate 

underneath) utilized for the RP-1447 fire, which may explain why the visibility in the FDS 

simulation did not follow the results of RP-1447 [7].   

Model Test Case Scenario 2 

Table 10 below provides a summary of the results from the various modeling methods 

utilized to simulate the conditions of RP-1447 experimental test case two [7].  Experimental 

test case two included open stairwell doors at the exterior door and the second floor and utilized 

a multiple injection stair pressurization system with airflow injection vents at each level. RP-

1447 reported that the stair pressurization system passed all tenability criteria but did not pass 

the pressure differential requirements for this experimental test case [7]. 

Table 10: Model Scenario 2 Summary 

 

N/A = Not applicable 

The IBC/NFPA 92 model calculation results shown in Table 10 are from Model 

Scenario 2.3. The CONTAM and FDS results shown in Table 10 are from Model Scenario 2.6. 

IBC/NFPA 92 model calculations and the CONTAM simulation required a much larger stair 

pressurization fan size than RP-1447 to provide compliant pressure differentials at the closed 

stair doors. Using the CONTAM simulation stair pressurization fan size, FDS results indicated 

that the fractional effective dose (FED), visibility and temperature were within allowable 

Fire Size
Minimum 

Stairwell 

Visibility

Maximum 

Stairwell 

Temperature

Minimum Pressure 

Differential at Closed 

Stairwell Door

Maximum Pressure 

Differential at Closed 

Stairwell Door

Stair Fan 

Size

Kw (Btu/s) m (ft) ⁰C (⁰F) Pa (in. w.g.) Pa (in. w.g.) m3/s (cfm)

750 30 27 0 15 0.802

(712.5) (98.4) (81) (0) (.06) (1,700)

25 65 4.81

(0.10) (0.26) (10,183)

25 77 8.97

(0.10) (0.31) (19,000)

750 30 22.2 8.97

(712.5) (98.4) (72) (19,000)
FDS 0 N/A N/A

N/A N/A

CONTAM N/A N/A N/A N/A

Test/Modeling Method FED

RP-1447 Test Case Two 0

IBC/NFPA 92 Model Calculation N/A N/A



 

142 

 

tenability criteria requirements. The CONTAM and FDS simulations results would be 

considered compliant under IBC/NFPA 92 requirements. 

Model Test Case Scenario 4 

Table 11 below provides a summary of the results from the various modeling methods 

utilized to simulate the conditions of RP-1447, experimental test case four [7]. Experimental 

test case four included open stairwell doors at the eighth, ninth and tenth floors and utilized a 

multiple injection stair pressurization system with airflow injection vents at each level. RP-

1447 reported that the stair pressurization system passed all tenability criteria but did not pass 

the pressure differential requirements for this experimental test case [7]. 

Table 11: Model Scenario 4 Summary 

 

N/A = Not Applicable 

The IBC/NFPA 92 model calculation results shown in Table 11 are from Model 

Scenario 4.3. The CONTAM and FDS results shown in Table 11 are from Model Scenario 4.5. 

IBC/NFPA 92 model calculations and the CONTAM simulation required a larger stair 

pressurization fan size than RP-1447 to provide compliant pressure differentials at closed 

stairwell doors. However, the CONTAM simulation results exceed maximum pressure 

differential limits at the second floor stairwell door (fire floor with open window), which was 

discussed previously in Chapter 7.  Using the CONTAM simulation stair pressurization fan 

Fire Size
Minimum 

Stairwell 

Visibility

Maximum 

Stairwell 

Temperature

Minimum Pressure 

Differential at Closed 

Stairwell Door

Maximum Pressure 

Differential at Closed 

Stairwell Door

Stair Fan 

Size

Kw (Btu/s) m (ft) ⁰C (⁰F) Pa (in. w.g.) Pa (in. w.g.) m3/s (cfm)

750 30 21 22.4 67 0.802

(712.5) (98.4) (70) (0.09) (.27) (1,700)

25 67 6.51

(0.10) (0.27) (13,800)

25 89.4 2.36

(0.10) (0.359) (5,000)

750 2.5 22.2 2.36

(712.5) (8.2) (72) (5,000)
FDS 0.01 N/A N/A

N/A N/A

CONTAM N/A N/A N/A N/A

Test/Modeling Method FED

RP-1447 Test Case Four 0

IBC/NFPA 92 Model Calculation N/A N/A
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size, FDS results indicated that the fractional effective dose (FED) and temperature were 

within allowable tenability criteria requirements, but visibility was not.  Similar to Model Test 

Case Scenario 1, visibility issues may be tied to material properties for the model simulation.  

Model Test Case Scenario 5 

Table 12 below provides a summary of the results from the various modeling methods 

utilized to simulate the conditions of RP-1447 experimental test case five [7]. Experimental 

test case five included open stairwell doors at the eighth, ninth and tenth floors as well as the 

exterior door. This test case utilized a multiple injection stair pressurization system with 

airflow injection vents at each level. RP-1447 reported that the stair pressurization system 

passed all tenability criteria but did not pass the pressure differential requirements for this 

experimental test case [7]. 

Table 12: Model Scenario 5 Summary 

 

N/A = Not applicable 

The IBC/NFPA 92 model calculation results shown in Table 12 are from Model 

Scenario 5.2. The CONTAM and FDS results shown in Table 12 are from Model Scenario 5.4. 

NFPA 92 model calculations and the CONTAM simulation required a much larger stair 

pressurization fan size than RP-1447 to provide compliant pressure differentials at the closed 

stair doors. However, the CONTAM simulation results exceed maximum pressure differential 

Fire Size
Minimum 

Stairwell 

Visibility

Maximum 

Stairwell 

Temperature

Minimum Pressure 

Differential at Closed 

Stairwell Door

Maximum Pressure 

Differential at Closed 

Stairwell Door

Stair Fan 

Size

Kw (Btu/s) m (ft) ⁰C (⁰F) Pa (in. w.g.) Pa (in. w.g.) m3/s (cfm)

750 30 25 0 10 0.802

(712.5) (98.4) (77) (0) (.04) (1,700)

25 40 7.15

(0.10) (0.16) (15,158)

25 99 8.97

(0.10) (0.397) (19,000)

750 30 22.2 8.97

(712.5) (98.4) (72) (19,000)
FDS 0 N/A N/A

N/A N/A

CONTAM N/A N/A N/A N/A

Test/Modeling Method FED

RP-1447 Test Case Five 0.05

IBC/NFPA 92 Model Calculation N/A N/A
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limits at the second floor stairwell door (fire floor with open window), which was discussed 

previously in Chapter 7. Using the CONTAM simulation stair pressurization fan size, FDS 

results indicated that the fractional effective dose (FED), visibility and temperature were within 

allowable tenability criteria requirements.  

Model Test Case Scenario 6 

Table 13 below provides a summary of the results from the various modeling methods 

utilized to simulate the conditions of RP-1447 experimental test case six [7]. Experimental test 

case six included open stairwell doors at the eighth, ninth and tenth floors as well as the exterior 

door. This test case utilized a single injection stair pressurization system with one airflow 

injection vent. RP-1447 reported that the stair pressurization system passed all tenability 

criteria but did not pass the pressure differential requirements for this experimental test case 

[7]. 

Table 13: Model Scenario 6 Summary 

 

N/A = Not Applicable 

Based on previous IBC/NFPA 92 model calculations and associated FDS/CONTAM 

results, IBC/NFPA 92 model calculations were shown to be inadequate to calculate the stair 

pressurization fan size if multiple doors were open. Therefore, IBC/NFPA 92 model 

calculations were not provided for this Model Scenario. 

Fire Size
Minimum 

Stairwell 

Visibility

Maximum 

Stairwell 

Temperature

Minimum Pressure 

Differential at Closed 

Stairwell Door

Maximum Pressure 

Differential at Closed 

Stairwell Door

Stair Fan 

Size

Kw (Btu/s) m (ft) ⁰C (⁰F) Pa (in. w.g.) Pa (in. w.g.) m3/s (cfm)

750 30 20 0 7.5 0.802

(712.5) (98.4) (68) (0) (.03) (1,700)

25 98.4 9.79

(0.10) (0.395) (20,750)

N/A

N/A N/A N/A

FDS N/A N/A N/AN/AN/AN/A

N/A N/A

CONTAM N/A N/A N/A N/A

Test/Modeling Method FED

RP-1447  Test Case Six 0.03

IBC/NFPA 92 Model Calculation N/A N/A
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The CONTAM results shown in Table 13 are from Model Scenario 6.3. The CONTAM 

simulation required a much larger stair pressurization fan size than RP-1447 to provide 

compliant pressure differentials at the stair doors. While minimum pressure differential 

requirements were met, the maximum pressure differential limit was exceeded at the second 

floor stairwell door as discussed previously in Chapter 7.  

Model Test Case Scenario 7 

Table 14 below provides a summary of the results from the various modeling methods 

utilized to simulate the conditions of RP-1447 experimental test case seven [7]. Experimental 

test case seven included open stairwell doors at the first, eighth, ninth and tenth floors. This 

test case utilized a single injection stair pressurization system with one airflow injection vent. 

RP-1447 reported that the stair pressurization system passed all tenability criteria but did not 

pass the pressure differential requirements for this experimental test case [7]. 

Table 14: Model Scenario 7 Summary 

 

N/A = Not Applicable 

Based on previous IBC/NFPA 92 model calculations and associated FDS/CONTAM 

results, IBC/NFPA 92 model calculations were shown to be inadequate to calculate the stair 

pressurization fan size if multiple doors were open. Therefore, IBC/NFPA 92 model 

calculations were not provided for this Model Scenario. 

Fire Size
Minimum 

Stairwell 

Visibility

Maximum 

Stairwell 

Temperature

Minimum Pressure 

Differential at Closed 

Stairwell Door

Maximum Pressure 

Differential at Closed 

Stairwell Door

Stair Fan 

Size

Kw (Btu/s) m (ft) ⁰C (⁰F) Pa (in. w.g.) Pa (in. w.g.) m3/s (cfm)

750 30 25 0 7.5 0.802

(712.5) (98.4) (77) (0) (.03) (1,700)

25 78 2.24

(0.10) (0.314) (4,750)

N/A N/AFDS N/A N/A N/A N/A N/A

N/A N/A N/A N/A N/A

CONTAM N/A N/A N/A N/A

Test/Modeling Method FED

RP-1447 Test Case Seven 0.04

IBC/NFPA 92 Model Calculation N/A N/A



 

146 

 

The CONTAM results shown in Table 14 are from Model Scenario 7.2. The CONTAM 

simulation required a larger stair pressurization fan size than RP-1447 to provide compliant 

pressure differentials at the stair doors. The CONTAM simulation would pass IBC/NFPA 92 

requirements.  

Model Test Case Scenario 8 

Table 15 below provides a summary of the results from the various modeling methods 

utilized to simulate the conditions of RP-1447 experimental test case eight [7]. Experimental 

test case eight included open stairwell doors at the first, third, fourth, fifth and sixth floors. 

This test case utilized a single injection stair pressurization system with one airflow injection 

vent. RP-1447 reported that the stair pressurization system passed all tenability criteria but did 

not pass the pressure differential requirements for this experimental test case [7]. 

Table 15: Model Scenario 8 Summary 

 

N/A = Not Applicable 

Based on previous IBC/NFPA 92 model calculations and associated FDS/CONTAM 

results, IBC/NFPA 92 model calculations were shown to be inadequate to calculate the stair 

pressurization fan size if multiple doors were open. Therefore, IBC/NFPA 92 model 

calculations were not provided for this Model Scenario.  

Fire Size
Minimum 

Stairwell 

Visibility

Maximum 

Stairwell 

Temperature

Minimum Pressure 

Differential at Closed 

Stairwell Door

Maximum Pressure 

Differential at Closed 

Stairwell Door

Stair Fan 

Size

Kw (Btu/s) m (ft) ⁰C (⁰F) Pa (in. w.g.) Pa (in. w.g.) m3/s (cfm)

750 30 29 0 12.5 0.802

(712.5) (98.4) (84) (0) (.05) (1,700)

25 76 2.24

(0.10) (0.306) (4,750)

N/A N/AFDS N/A N/A N/A N/A N/A

N/A N/A N/A N/A N/A

CONTAM N/A N/A N/A N/A

Test/Modeling Method FED

RP-1447 Test Case Eight 0

IBC/NFPA 92 Model Calculation N/A N/A
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The CONTAM results shown in Table 15 are from Model Scenario 8.2. The CONTAM 

simulation required a larger stair pressurization fan size than RP-1447 to provide compliant 

pressure differentials at the stair doors. The CONTAM simulation would pass IBC/NFPA 92 

requirements. 

Model Test Case Scenario 9 

Table 16 below provides a summary of the results from the various modeling methods 

utilized to simulate the conditions of RP-1447, experimental test case nine [7]. Experimental 

test case nine included open stairwell doors at the second, ninth and tenth floors. This test case 

utilized a single injection stair pressurization system with one airflow injection vent. RP-1447 

reported that the stair pressurization system passed all tenability criteria but did not pass the 

pressure differential requirements for this experimental test case [7]. 

Table 16: Model Scenario 9 Summary 

 

N/A = Not Applicable 

Based on previous IBC/NFPA 92 model calculations and associated FDS/CONTAM 

results, IBC/NFPA 92 model calculations were shown to be inadequate to calculate the stair 

pressurization fan size if multiple doors were open. Therefore, IBC/NFPA 92 model 

calculations were not provided for this Model Scenario.  

Fire Size
Minimum 

Stairwell 

Visibility

Maximum 

Stairwell 

Temperature

Minimum Pressure 

Differential at Closed 

Stairwell Door

Maximum Pressure 

Differential at Closed 

Stairwell Door

Stair Fan 

Size

Kw (Btu/s) m (ft) ⁰C (⁰F) Pa (in. w.g.) Pa (in. w.g.) m3/s (cfm)

750 7.2 46 7.5 25 0.802

(712.5) (23.76) (115) (0.03) (.10) (1,700)

25 61 8.26

(0.10) (0.246) (17,500)

N/A N/AFDS N/A N/A N/A N/A N/A

N/A N/A N/A N/A N/A

CONTAM N/A N/A N/A N/A

Test/Modeling Method FED

RP-1447 Test Case Nine 0.12

IBC/NFPA 92 Model Calculation N/A N/A
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The CONTAM results shown in Table 16 are from Model Scenario 9.2. The CONTAM 

simulation required a larger stair pressurization fan size than RP-1447 to provide compliant 

pressure differentials at the stair doors. The CONTAM simulation would pass IBC/NFPA 92 

requirements. 

Model Test Case Scenario 10 

Table 17 below provides a summary of the results from the various modeling methods 

utilized to simulate the conditions of RP-1447, experimental test case ten [7]. Experimental 

test case ten included an open exterior stairwell door. This test case utilized a single injection 

stair pressurization system with one airflow injection vent. RP-1447 reported that the stair 

pressurization system passed all tenability criteria but did not pass the pressure differential 

requirements for this experimental test case [7]. 

Table 17: Model Scenario 10 Summary 

 

N/A = Not Applicable 

Based on previous IBC/NFPA 92 model calculations and associated FDS/CONTAM 

results, IBC/NFPA 92 model calculations were shown to be inadequate to calculate the stair 

pressurization fan size if an exterior stairwell door is open. Therefore, IBC/NFPA 92 model 

calculations were not provided for this Model Scenario.  

 

Fire Size
Minimum 

Stairwell 

Visibility

Maximum 

Stairwell 

Temperature

Minimum Pressure 

Differential at Closed 

Stairwell Door

Maximum Pressure 

Differential at Closed 

Stairwell Door

Stair Fan 

Size

Kw (Btu/s) m (ft) ⁰C (⁰F) Pa (in. w.g.) Pa (in. w.g.) m3/s (cfm)

4,000 30 25 -2.5 4 0.802

(3,800) (98.4) (77) (-0.01) (.016) (1,700)

25 99 9.67

(0.10) (0.398) (20,500)

N/A N/AFDS N/A N/A N/A N/A N/A

N/A N/A N/A N/A N/A

CONTAM N/A N/A N/A N/A

Test/Modeling Method FED

RP-1447 Test Case Ten 0.02

IBC/NFPA 92 Model Calculation N/A N/A
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The CONTAM results shown in Table 17 are from Model Scenario 10.2. The 

CONTAM simulation required a much larger stair pressurization fan size than RP-1447 to 

provide compliant pressure differentials at the stair doors. While minimum pressure 

differential requirements were met, the maximum pressure differential limit was exceeded at 

the second floor stairwell door as discussed previously in Chapter 7.  

Conclusions from the Current Project 

The following conclusions can be drawn from the current research project: 

• IBC/NFPA 92 model calculations are effective for stair pressurization systems 

with all stairwell doors closed or in conjunction with another modeling 

method or experimental test criteria for stairwells with open doors.   

• CONTAM is an effective modeling method for sizing stair pressurization 

fans, reviewing simulated pressure differentials and some limited exterior 

condition simulations. Other modeling methods like a computational fluid 

dynamics (CFD) are required to look at tenability criteria and more detailed 

exterior conditions. 

• FDS is an effective modeling method for reporting tenability criteria for a stair 

pressurization system with a fire condition. Other modeling methods like 

CONTAM or experimental test criteria will be needed to assist with reviewing 

pressure change in the stairwell when open doors are present. 

• Using all modeling methods discussed in this research effort would provide a 

comprehensive study of the stair pressurization system design. 

• The impact of one interior stairwell door opened required an approximately 

20% increase to the stair pressurization fan size. 
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• The impact of one exterior stairwell door opened required an increase of 

approximately 400% to the stair pressurization fan size. 

• The impact of multiple open doors at the top and bottom of the stairwell 

required an increase of approximately 300% to the stair pressurization fan 

size. 

• Similar to the results of RP-1447, this current research effort reported multiple 

open doors near the top or bottom of the stairwell created large pressure 

differences in the stairwell [7]. 

• For the conditions in this project, groups of open stairwell doors near the 

middle of the stairwell (and near the neutral plane), required a stair 

pressurization fan size approximately equal to that of the scenario with all 

stairwell doors closed. 

Additional Investigations 

Based on the results and conclusions of this current research project, future stair 

pressurization system research should include: 

• Additional experimental test data that can be validated with multiple modeling 

methods.  

• Additional discussion regarding requirements in the International Building 

Code for stair pressurization systems for open doors.  

• Additional studies on open exterior stairwell doors and impact to stairwell 

pressurization and fan size. 

• Additional studies during summer conditions to validate compliance. 
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