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EXECUTIVE SUMMARY 
 
The concept of forcible entry is considered an essential element of firefighting 

work and may include a variety of tasks with manual tools.  Forcible entry 

normally involves use of an axe or sledgehammer to provide ventilation or gain 

entry through walls, doors, floors or roofs.  The main purpose of this project was 

to investigate the validity of selected forcible entry simulations for testing the 

physical capacities of firefighters, with the intent of identifying the “best” 

simulation.   

 

Eighty-five career firefighters from selected military and civilian fire departments 

completed six forcible entry tests and provided feedback on the similarity of the 

physical demands of each test to the physical demands of forcible entry in 

firefighting.  The forcible entry simulation from the Candidate Physical Ability Test 

(CPAT) was identified as the best simulation of the demands of the job relative to 

the experience of this large group of firefighters.  The CPAT forcible entry device 

was found to be superior to the other props in that it can be readily calibrated and 

the force setting can be easily changed should other work simulations (more or 

less difficult) be required.   

 

The CPAT test protocol was evaluated for reliability and after adequate 

familiarization, the performance times from separate days were found to have 

excellent agreement.  Eighteen subjects completed the test on separate days 

following exactly the same protocol.  The difference between the mean scores for 

Day 1 and Day 2 was 0.3 s (or 0.4%).  The correlation coefficient between scores 

for Day 1 and Day 2 was 0.96.  These results are better than the reliability data 

for the forcible entry test protocol originally developed for the Canadian Forces 

Fire Marshall’s Firefighter Pre-Entry Fitness Evaluation (CFFM FPFE).   

       

While this forcible entry prop is widely used as part of the CPAT test protocol, 

there is no standard by which to judge acceptable performance when the 

apparatus is used as a “stand-alone” test.  Therefore, a secondary purpose of 
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this project was to develop a performance standard for the CPAT forcible entry 

test so that it could be incorporated into the CFFM FPFE.  The performance 

times from the 85 firefighters were used to identify a series of potential passing 

scores (e.g., mean score plus two standard deviations).  A DVD was created 

showing an actor completing the test protocol at selected time intervals ranging 

from the mean time of the incumbent group (approximately 8.5 s) to 

approximately 21 s.  The DVD was then shown to 37 supervisors (subject matter 

experts, or SME, with an average of 22 years experience) from various 

firefighting jurisdictions.  Each SME independently rated each performance time 

as acceptable or unacceptable.  The results revealed that a completion time of 

15.2 s marked the transition from acceptable to unacceptable.  The passing 

score was then set at 16 s, which gives the test subject the benefit of any 

potential error in timing of the test.  This is the same process that was followed 

for determining the passing scores for the other tests in the CFFM FPFE. 

 

In order to set performance categories that could be used to judge the physical 

capacities of firefighter applicants, test data from 154 career firefighters with an 

average of 10 years experience was evaluated.  Following the same process 

used to determine performance categories for the other tests in the CFFM FPFE, 

it was found that the top performers (90th percentile) in this large group of 

firefighters completed the test in less than 5 seconds.  Five performance 

categories were then established whereby points are awarded based on 

completion time (e.g., 5 points for completing the test in less than 5 s, and 1 point 

for completing the test in 16 s).    

 

The final step in the research project was a sub-study to investigate the effect of 

substituting the CPAT forcible entry prop for the weighted tire in the CF/DND FF 

Physical Fitness Maintenance Program Test (FF PFMP).  Twenty subjects (18 

male and 2 female) practiced the FF PFMP Test until no further improvement in 

performance was observed (typically, 3 – 5 practice runs through the FF PFMP 

Test).  Each subject then completed the FF PFMP Test twice, once with the tire 
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and once with the CPAT device.  The order of the test conditions was 

randomized.  On average, the subjects completed the FF PFMP Test 5 s (1.4%) 

faster with the CPAT device (Tire: 369 + 47 vs CPAT: 364 + 46 s).  The average 

time to complete the forcible entry component of the FF PFMP Test with the 

weighted tire was 12.5 + 4.7 s, while with the CPAT, the average time devoted to 

the forcible entry component was 9.9 + 3.5 s.  Therefore on average, 

approximately half of the difference between test conditions was accounted for by 

differences in work time on the forcible entry props.  The remainder of the time 

difference cannot be specifically accounted for.  It might be assumed that if the 

subjects spent less energy on the forcible entry component with the CPAT prop, 

that the transition time to the next event (the victim rescue) might be faster.  

However, there was no difference between the average values for the 

subsequent transition time to the victim rescue station (Tire: 13.9 + 2.5 s and 

CPAT: 14.2 + 2.4 s).  In fact, the sum of all the transition times for the two test 

conditions was the same.  The total transition time for the tire condition was 

124.9 + 15.5 s, while the total transition time for the CPAT condition was 124.1 + 

15.7 s.   

 

The difference in FF PFMP Test completion time was statistically significant 

(p<0.05), indicating that the test is slightly easier with the CPAT prop.  However, 

it is the opinion of the investigators that the small difference probably does not 

warrant changing the performance objective for the FF PFMP Test, especially 

since any potential benefit is in favour of the firefighter. 

 

In summary, this research identified that the CPAT forcible entry test apparatus 

appears to have superior validity and reliability compared to the current tests 

using the weighted tire on a table-top.  Standards have been developed and it is 

suggested that the CPAT apparatus replace the forcible entry components that is 

currently used in the CFFM FPFE.  Furthermore, it appears that the CPAT 

forcible entry prop may be substituted for the weighted tire in the FF PFMP Test 

without modifying the current performance objective.        



 5

 

BACKGROUND 
 

The concept of forcible entry is widely considered to be an essential element of 

firefighting work and may include a variety of tasks with manual tools.  Forcible 

entry normally involves use of an axe or sledgehammer to provide ventilation or 

gain entry through walls, doors, floors or roofs. 

 

Forcible entry simulations have been included in firefighter test batteries and 

work simulations.  These simulations have included striking a railroad tie (Davis 

et al, 1978), a car tire (Misner et al, 1987), and a truck tire (Louhevaara et al, 

1994).  The International Association of Firefighters Fire Fighters developed the  

Candidate Physical Abilities Test (CPAT) test as part of the Fire Service Joint 

Labor Management Wellness Fitness Initiative in 1999.  This test protocol 

includes a forcible entry component that is an adjustable resistance, mechanical 

system.    

 

The forcible entry system used in the Firefighter Combat Challenge competition 

is commonly referred to as the Keiser Force Machine   

(http://www.keiser.com/products/other/forcemachine.html).  This apparatus has 

remained part of the Combat Challenge for many years, and intuitively, one might 

assume this validates the relevance of this work simulation to firefighting.  The 

Keiser force machine was used in the Canadian Firefighter Combat Challenge up 

to 2005, but was replaced in 2006 by a modified version which retains the same 

movement pattern but incorporates a hydraulic resistance system 

(http://www.firefit.com).  The replacement prop has been well accepted by 

Canadian firefighters who compete in the Combat Challenge (Dale McRoberts, 

personal communication).            

 

Incumbent Canadian Forces (CF) firefighters complete a work-related test circuit 

to evaluate fitness for duty.  One of the 10 elements in this test is a forcible entry 
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simulation.  The current forcible entry test procedure for incumbent CF firefighters 

involves moving a weighted truck tire on a smooth table-top with a 4.54 kg steel 

hammer (Deakin et al, 1996; Pelot et al, 1999).  The firefighter uses the hammer 

to move the tire a distance of 30 cm from the start point.  The elapsed time to 

perform this particular element is included in the overall time to complete all other 

aspects of the test. 

 

Applicants to the CF and Department of National Defence (DND) fire service, 

complete the Canadian Forces Fire Marshall’s Firefighter Pre-Entry Fitness 

Evaluation (CFFM FPFE).  This protocol includes an evaluation of aerobic fitness 

during a graded exercise test on a treadmill as well as a series of six job-related 

tests.  In the CFFM FPFE, each job-related test is timed and scored separately.   

The forcible entry test was modelled on the incumbent test (weighted tire).  The 

applicant version of this test uses a 3.64 kg “dead-blow” hammer, however the 

other aspects of the test are similar (Petersen and Dreger, 2006).    

 

The validity of the current test has been established in previous studies.  Pelot et 

al (1999) described the development and validation of the test used by incumbent 

CF firefighters.  Petersen and Dreger (2006) modified the CF incumbent test as 

part of the development of the new applicant version of the test.    The general 

set-up for the applicant version of the forcible entry test is illustrated below. 

 

Notwithstanding the evidence that the current tests are valid simulations of the 

physical demands of forcible entry, there are potentially serious problems in 

standardization between test sites.  These tests are used at many sites across 

Canada in the physical evaluation of Canadian Forces firefighters and applicants 

to the CF and DND fire service.   

 

Problems in standardization include potential variability in factors such as:  

· weight of the tire; 

· distribution of weight within the tire;  
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· surface area of the tire - plywood interface;  

· friction between the tire - plywood interface; and,  

· characteristics of the strike surface.   

 

Figure 1.  View of the Forcible Entry Test for firefighter applicants. 

 

In theory, the weight of the tire should be relatively simple to manage, however 

the practice has been to add bags of sand inside the tire to bring the weight up to 

specifications (102.3 kg or 225 lb).  Often, sand will leak from the bags, which 

then affects the weight.  Furthermore, if the sand spills onto the table surface, it 

has the potential to alter the friction between the tire and plywood surface.  The 

effect of changing the distribution of weight within the tire has not been studied, 

however intuitively, if more or less weight is located at the front of the tire, the 

characteristics of the strike surface may be altered. 

 

The surface area of the tire - plywood interface could be relatively easily 

standardized by dictating the use of a specific model and size of tire, however the 

original documentation of the incumbent test does not detail a specific model or 

size of tire (Deakin et al, 1996; Pelot et al, 1999), and current practice allows test 

sites to choose virtually any make and type of tire. 
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The friction between the tire - plywood interface is a complex matter that is 

affected by a number of factors related to the tire (e.g., size, age, type), the 

plywood surface (e.g., type, age, condition, cleanliness), and the environment 

(e.g., temperature and humidity).  It is relatively simple to measure the force 

required to move the tire (to “break” inertia) and this can be standardized by 

adjustment of other factors (e.g., weight).  These points simply emphasize the 

factors over and above the weight of the tire that contribute to the complexity of 

standardizing the forcible entry task, both within a single test site as well as 

between sites. 

 

With respect to the characteristics of the strike surface, when the hammer strikes 

the tire, some force is absorbed by the compliance of the rubber and some force 

is transferred, which moves the tire.  The characteristics of the strike surface are 

dictated by factors such as the size, type, tread design and age of the tire.  While 

some of these factors could be addressed by standardization of the size and type 

of tire, it is difficult to assess the effect of age (or cumulative use) on the 

characteristics of the strike surface and there is little doubt that there is the 

potential for significant change over time.  

 

Collectively, these factors contribute to “technical variability” and make it very 

difficult to standardize the test between the many test sites used by the CF and 

DND fire services.  It can be argued that reliability is linked to validity.  Hence, 

while the validity of the current tests appears to be reasonable under “ideal” 

conditions, in practice, the problems of reproducibility present very real threats to 

the validity of the tests.     

 

Forcible entry is an important aspect of firefighting and the related physical 

abilities need to be evaluated in biomechanically and physiologically appropriate 

simulations. In summary, it seemed prudent to investigate alternative designs for 

simulating the physical demands of forcible entry tasks. 
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In order for a job-related test to be valid, it must be accurate in terms of 

movement pattern and physiological demand.  In this study, the validity of the test 

was established from the expert opinion of a large group of experienced career 

firefighters.   

 

The associated performance standard must represent the minimally acceptable 

rate of progress through the task in order to ensure safe, efficient and reliable 

performance of related tasks during emergency response situations.  In this 

study, the validity of the performance standard was established from the opinion 

of subject matter experts (SME) in supervisory positions (training and/or 

operations). 

 

The purpose of this study was to develop a more suitable forcible entry test that 

may be used for evaluation of fitness for duty in both applicant and incumbent 

firefighters.  

 

RESEARCH METHODS 

Design 

The project was divided into several sub-sections which are described in the 

sections below. 

 

Consultation with local experts 

A small group (N=10) of incumbent fire-fighters from local fire services in the 

Edmonton area were recruited to discuss the physical demands of various 

forcible entry tasks encountered in fire-fighting work and to provide feedback on 

how well the forcible entry simulations reflect the physical demands of the job.  

All were career firefighters with experience in firefighter testing, competition (e.g., 

Combat Challenge), training or supervision.  
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Pilot work to develop test protocols 

The experienced firefighters participated in pilot trials with the various apparatus 

shown in Figures 1 – 4 and provided feedback on the potential utility of each 

apparatus in a testing environment.   

 

These firefighters were also asked to compare the amount of work required to 

complete each of the forcible entry simulations to the physical requirements of 

the job.  Although the range of times to complete the simulations demonstrated 

that they required different amounts of work, the firefighters suggested that the 

amount of work required to complete a forcible entry task on the job was also 

variable.  They suggested that all of the different simulations be presented to a 

large group of incumbent fire fighters, and that the incumbent opinions could be 

used to select the best test. 

 

Four forcible entry apparatus and two different tools were combined to produce 

six test protocols.  The four apparatus included the original tire and plywood table 

top, the two versions of the Firefighter Combat Challenge prop, and the CPAT 

prop.  The original tire and the CPAT props were tested with both the steel 

sledgehammer and the dead-blow hammer.  The six tests were as follows: 

 

a) Current forcible entry test as per the specifications described by Deakin et 

al, (1996) and Pelot et al, (1999).  Briefly, this includes the weighted tire on 

the table-top and the 4.54 kg hammer  

b) Current forcible entry test as per the specifications described by Petersen 

and Dreger (2006).  Briefly, this test includes the weighted tire on the table 

top and the 3.64 kg dead-blow hammer (Figure 1). 

c) Forcible entry simulation used in the Canadian Firefighter Combat 

Challenge (www.firefit.com). The test requires moving a beam 

approximately 30 cm along a track, using the 3.64 kg dead-blow hammer.  

(Figure 2)   
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d) Forcible entry simulation using a custom-designed modification of the 

same beam and track apparatus from the Firefighter Combat Challenge 

and the same hammer (Figure 3). 

e) Forcible entry simulation used in the IAFF Candidate Physical Ability Test 

(CPAT).  Briefly, the CPAT simulation (IAFF, 1999) uses a mechanical 

device and a 4.54kg sledgehammer (Figure 4).   

f) The CPAT Forcible Entry test procedure was modified so that the work 

was completed with the 3.64 kg dead-blow hammer.   

 

The hydraulic braking pistons of the two Firefighter Combat Challenge props are 

mechanically identical, but require different movement patterns to complete the 

work.  The original Firefighter Combat Challenge prop (Figure 2) simulates a roof 

ventilation procedure and requires a chopping motion.   

 

The modified Firefighter Combat Challenge prop (Figure 3) uses the same 

movement pattern as all of the other simulations, and simulates a forcible entry 

through a wall or door.   

 

Figure 2.  View of Firefighter Combat Challenge forcible entry apparatus 
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Figure 3. View of modified Combat Challenge forcible entry apparatus 

 

The CPAT prop uses a mechanical braking apparatus that can be manually 

adjusted and calibrated.  The CPAT calibration specification for testing is 850 psi 

of pressure.  In this study, the CPAT prop was used with the standard steel 

hammer (as shown) and also the dead-blow hammer.     

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. View of CPAT forcible entry apparatus 
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Main Data Collection 

Eighty-five incumbent firefighters were recruited by word-of-mouth from various 

fire jurisdictions, including CFB Edmonton, CFB Comox, and civilian departments 

(City of Edmonton, Strathcona County, City of Victoria, Municipality of Saanich). 

 

Participation in this study was voluntary, and the study was approved by the 

Faculty of Physical Education and Recreation Research Ethics Board (University 

of Alberta).  Each firefighter was briefed on the purpose of the project and 

provided written informed consent prior to participation. 

 

The data collection session was divided into a practice, experimental and cool-

down phase.  

 

Practice 

During the practice session, the incumbent firefighters wore firefighting boots, 

pants and leather work gloves over shorts and t-shirt or their normal firehouse 

attire.  Firefighting helmets with face-shield were worn to provide eye protection.  

Each firefighter completed a brief warm-up consisting of brisk walking, stretching 

and swinging a hammer (similar to swinging a baseball bat in preparation for 

batting).  Each firefighter was familiarized with the 6 tests and provided an 

opportunity to practice each test.  The suggested practice involved completing 

approximately half of each test (e.g., moving the tire 15 cm) at a submaximal 

intensity.  At least three minutes of recovery was allowed between practice tests, 

which appeared to provide complete recovery.  If necessary, additional time was 

allowed for practice.  During the recovery periods between practice tests, the 

firefighters were familiarized with the questionnaire used to rate each test. 

 

Experimental Phase 

Prior to beginning the experimental session, the firefighters dressed in their fire 

protective ensemble including the self-contained breathing apparatus (SCBA).  
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The SCBA was carried but not used for breathing.  The configuration of 

protective equipment was consistent with the ensemble worn in the CFFM FPFE.    

 

The test equipment was set up in an appropriate location in each firehall so that 

the test stations could be used simultaneously.   The six tests were completed in 

a randomized order with five minutes of rest between each test.   

 

Each test began in a similar manner.  The protective equipment ensemble was 

quickly checked for correctness (e.g., visor down, jacket done up).  The hammer 

was placed on the floor directly in front of the subject who was directed to stand 

in the appropriate location adjacent to the forcible entry prop.  The subject was 

instructed to “stand tall and look straight ahead”.  After verifying that the subject 

was in the correct position and ready to start, the firefighter was informed that 

timing would begin as soon as he moved to pick up the tool.  When the test end-

point was reached, the clock was stopped and the firefighter was instructed to 

cease work.  The test time was recorded.  The recovery timer was started and 

the subject was informed which test station he would go to next.        

 

During the recovery periods, the firefighters engaged in self-selected recovery 

activities (e.g., walking, sitting, or stretching).  Water and/or sports drinks and 

fans were made available whenever possible to assist with cooling.  The 

firefighters were allowed to remove or loosen clothing and equipment for comfort 

(e.g., helmet, gloves) during the recovery periods. 

 

Approximately half-way through each recovery period, the firefighters responded 

to a question (see Appendix A) about the physical demands of the test just 

completed.  A 7-point Likert Scale was used to rate the similarity between the 

physical demands of the test and the firefighters’ on-the-job or training 

experience with similar tasks.  A score of one (1) was used to indicate a “very 

similar” relationship between the simulation and the job, and a score of seven (7) 
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indicated that the simulation was “very different” from the subjects’ experiences 

on-the-job or in training.     

 

With approximately one minute of recovery time remaining, the firefighter put on 

any equipment that had been removed (e.g., helmet, gloves) and moved to the 

next test station to prepare to start.  At the end of the recovery period, the 

firefighter was in position and ready to begin the next test in the sequence. 

 

Cool-down  

Following completion of the 6 test protocols, the firefighters removed their 

protective clothing to promote cooling.  They were provided with drinks (water or 

sport drinks).  Finally, they were asked to rank each test in relation to the others 

(see Appendix A).  The question asked was: 

 

“Now that you have completed all the tests, please rank the six 

tests listed below from the best (#1) to worst (#6) test to 

simulate the physical demands of forcible entry.” 

 

Selection of the Best Test Protocol 

Answers to the two questions asked of incumbent firefighters were used to 

identify one test as superior to the others.  Incumbents were asked to rate each 

test in comparison to their perceptions of the demands of the job, using a 7-point 

Likert Scale, and also to rank each test relative to the other simulations.  The test 

with the best combined rating and ranking was selected for further study, 

including establishment of a minimum performance standard (pass/fail criteria) 

and performance categories (ranking applicants on physical performance).   

 

Development of a Performance Standard 

Thirty-seven subject matter experts (SME) were recruited from a variety of fire 

jurisdictions (CFB Edmonton, County of Strathcona, City of Calgary and City of 

Edmonton).  The SME provided expert opinion on acceptable work rates for the 
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test that is selected for use.  This method has been used previously (IAFF 1999; 

Sothmann et al, 2004; Petersen and Dreger, 2006; Docherty et al, 2007) in the 

development of performance standards (pass/fail criteria).  This method relies on 

analysis of the individual expert opinions on acceptability or unacceptability to 

reveal the performance time that is consistent with “passing” the test.  The SME 

were senior firefighters who have worked as supervisors in operations and/or 

training, and as such, are experienced with evaluation of work performance.   

 

Potential SME were identified through consultation with chief officers of the 

various fire jurisdictions and approached with an invitation to participate in the 

research.  Firefighters with experience in supervision of training and/or firefighting 

operations were eligible to act as an SME.    Each SME participated voluntarily 

and provided written informed consent. 

 

The SME were briefed on the purpose of the study and the preceding phases.  

The researchers felt it was important for the SME to understand the research 

process that led to their participation.  Following the briefing, the SME warmed up 

and completed the test protocol in exactly the same manner as the other 

firefighters had done.  

 

After completing the test protocol, each SME viewed a series of video clips of an 

actor completing the selected test at a variety of work rates (time to complete the 

forcible entry task).  The SME were shown a ‘representative’ clip of the forcible 

entry task in which the actor completed the task at the same rate as the average 

for all of the incumbent firefighters.  The SME were also provided feedback on 

their own performance time.  This helped the SME to rate their own performance 

on the test against the average performance of the larger group of career 

firefighters.  

 

The SME were then asked to evaluate, based on their own criteria for satisfactory 

work performance, a series of video clips that showed the actor performing the 
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forcible entry task at a variety of different rates.  The times for the video clips 

were based on the average and standard deviation of the performance times of 

the incumbent firefighters.  There were eight clips in total, ranging from the mean 

time for completion to the mean plus 7 standard deviations.  The individual 

performance times were arranged on the tape in random order.  SME recorded 

their responses regarding acceptability of work-rate on a data sheet (Appendix 

B).  Normally, a subject matter expert completed the evaluation exercise alone, 

but in the case where two or more SME did the exercise simultaneously, no 

discussion was permitted.  SME were not allowed to time the video clips. 

 

Implementation of the CPAT forcible entry test in t he CFFM FPFE 

The pass/fail cut-point identified by the analysis of the SME feedback can be 

used to determine whether or not applicants are successful in completing the 

new forcible entry simulation test used in the applicant test protocol.   

 

Additional testing of career firefighters on the CPAT forcible entry apparatus 

continued while the investigators were visiting fire halls to conduct the SME 

evaluation of the DVD.  Each SME completed the test protocol prior to judging 

the performance times on the DVD.  Other on-duty firefighters volunteered to 

participate as well and by the time the SME segment of the study was completed, 

we had acquired performance data on 154 career firefighters from various fire 

jurisdictions.  The average age of the firefighters was 36 + 8 years with 10.3 + 8.7 

years of experience.   percentile analysis of the test data from the large group of 

career firefighters was used to reveal the level of performance consistent with the 

top performers (90th percentile). 

 

The results from the CFFM FPFE can be used to classify applicants as having 

passed or failed each element of the test protocol.  As well, performance 

categories can be used to rank successful applicants.  The ranking process 

divides acceptable times for completion into a five-point system.  One point is 

assigned to a minimal pass, and five points are assigned to a time that would 
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place the applicant in the top 10 percent of the incumbent pool used to develop 

the test.  The point scale is linear, such that the time increments for each point 

are the same. 

 

FF PFMP Test Sub-study 

A sub-study was conducted in order to assess the effect of changing the forcible 

entry element in the FF PFMP Test (FF Test).  In theory, if the average time to 

complete the CPAT forcible entry simulation was different from the current 

forcible entry simulation using the weighted tire, this difference might impact the 

time required to complete the FF PFMP Test and if so, the performance objective 

may need to be adjusted.  Twenty subjects (18 male and 2 female) volunteered 

to participate in the sub-study.  Each subject provided written informed consent to 

participate. 

 

The FF PFMP Test protocol was consistent with the description provided by 

Deakin et al., (1996). The test was set up indoors on a concrete floor where all 

the course dimensions and equipment (type and weight) were completely 

accurate.  The FF PFMP Test consisted of the following steps: 

· Hose carry: The subject carried one section (15.24 m) of rolled 65 mm 

rubber jacketed hose  (Red Chief; Angus Fire, Thame, Oxfordshire, UK) 

weighing 16.5 kg in one hand a distance of 15.24 m, then returned the 

same distance carrying the hose in the other hand. The subject set down 

the rolled hose and walked 15.24 m to the next event. 

· Ladder carry and raise: The subject lifted and carried a 3.6 m aluminum 

roof ladder (13.6 kg) a distance of 15.24 m and raised it against a brick 

wall.  The subject then walked 15.24 m to the next event. 

· Hose drag: The subject gripped a hose nozzle (Pistol Grip; Elkhart Brass 

Mfg. Co. Inc., Elkhart, IN) over the shoulder and dragged two charged 

lengths (30.48 m in total) of 38 mm hose (Red Chief; Angus Fire, Thame, 

Oxfordshire, UK) a distance of 30.48 m.  The force required to move the 
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hose bundle was approximately 260 N.  The subject then walked 15.24 m 

to the next event. 

· Ladder climb 1: using a 7.2 m ladder (Duo-safety Ladder Corp., Oshkosh, 

WIS), the subject climbed 10 rungs (3.45 m) up and down, 3 times. The 

subject then walked 30.48 m to the next event. 

· Rope pull: while standing in a stationary position, the subject pulled a 16 

mm nylon rope (static) attached to a bundle of hose (one 30.48 m length 

of 100 mm hose and one 15.24 m length of 65 mm; Red Chief; Angus 

Fire, Thame, Oxfordshire, UK) 15.24 m using a hand-over-hand 

movement.  The subject then walked 15.24 m and repeated the pull. The 

force required to move the hose bundle was approximately 200 N. The 

subject then walked 15.24 m to the next event. 

· Forcible entry: using a 4.5 kg steel-head sledge hammer (DF0832C; 

Garant, Saint-Francois, QUE) the subject hammered a rubber truck tire 

(total weight 102.5 kg) a distance of 30.5 cm across a 76.2 cm high steel 

table.  Weights were fashioned with lead shot sealed inside short lengths 

of rubber fire hose and these were distributed equally inside the tire.  The 

tabletop was reinforced with 19 mm (¾”) “good-one-side” plywood. The 

subject then walked 15.24 m to the next event. 

· Victim rescue: The subject dragged a 68.2 kg mannequin (Rescue Randy 

1434; Simulaids Inc., Woodstock, NY) a total distance of 30.48 m (15.24 

one way, around a pylon and then back 15.24 m). The subject then walked 

15.24 m to the next event. 

· Ladder climb 2: using a 7.2 m ladder (Duo-safety Ladder Corp., Oshkosh, 

WIS), the subject climbed 10 rungs (3.45 m) up and down, 2 times. The 

subject then walked 30.48 m to the next event. 

· Ladder lower and carry: The subject lowered and carried (15.24 m) a 3.6 

m aluminum roof ladder (13.6 kg). The subject then walked 15.24 m to the 

next event. 
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· Spreader tool carry: The subject picked up and carried a 36.4 kg spreader 

tool (Hurst 32B; Hale Products Inc., Conshohocken, PA) 15.24 m and then 

returned 15.24 m.   

 

The following time measurements were recorded: the elapsed time for each 

individual event; the time to move from one event to the next; and, the total time 

to complete the entire test.   

 

Each subject wore properly fitting fire protective ensemble including National Fire 

Protection Association (NFPA) Standard 1500 (NFPA, 1997) compliant duty coat, 

firefighting pants, helmet, anti-flash hood, leather work gloves, and firefighting 

boots.  Subjects wore exercise clothing of their choice (e.g., shorts and t-shirt) 

under the protective ensemble.  In this experiment, subjects used Scott 4.5 

SCBA with 60-min Scott Air-Pac® fibre composite air cylinders (Scott Aviation, 

Monroe, NC).   

 

Previous experience with the FF PFMP Test has revealed that optimal 

performance usually results after 3 – 5 practice runs through the test (Petersen et 

al, 2002; Dreger and Petersen, 2006).  After sufficient practice to master pacing 

strategies, each subject completed the FF PFMP Test under two conditions 

which included: the current forcible entry apparatus (weighted tire); and, the 

CPAT forcible entry apparatus.  The order of the test conditions was randomized 

and was determined by flipping a coin.  The set-up and all procedures were 

identical between the two test conditions except for the forcible entry prop.   

 

Overall and split time data were analyzed to see if changing the forcible entry 

simulation had any systematic influence on overall test performance.   
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Results  

Main Data Collection 

Descriptive characteristics of the incumbent firefighters who volunteered to 

complete the battery of six tests are displayed in Table I.   

 
Table I 

Descriptive characteristics (mean ± SD) of the 85 incumbent firefighters  
participating in the main data collection on six forcible entry simulations. 

 
 mean ± standard deviation  range 

Age (years) 34 ± 7  22 - 54 

Years Experience 7 ± 6  0.25 - 25 

Height (cm) 180 ± 7  167 - 198 

Weight (kg)* 111.3 ± 11.2  81.0 - 147.5 

* Weight includes the firefighter and fire protective ensemble, including SCBA. 
 
Table II provides a summary of the performance data for each of the tests.  Since 

the data were not normally distributed, median and mode are provided in addition 

to the mean and standard deviations.   

 

The mean time to complete the incumbent version of the weighted tire test was 

8.8 ± 2.7 s, while the applicant version of the test (with the dead-blow hammer) 

took 15.3 ± 6.2 s.  The mean performance times for the two versions of the 

Combat Challenge test were not significantly different (paired t-test), at 11.5 ± 3.0 

s for the original version and 11.2 ± 2.4 s for the modified version.  The time to 

complete the CPAT forcible entry simulation with the sledge hammer was 8.4 ± 

2.0 s, which increased to 18.7 ± 6.1 s when the 3.64 kg dead-blow hammer was 

used.  A paired t-test revealed no significant difference between the mean times 

to complete the incumbent version of the weighted tire test and the CPAT test. 
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Table II 
Performance data (time, in seconds) for completion of the six forcible  

entry simulations. 
   
   

 Mean ± SD  Median  Mode 

Current Test - Incumbent 8.8 ± 2.7   8.6    6.5  

Current Test - Applicant* 15.3 ± 6.2   13.5    9.1  

Firefighter Combat Challenge - Original 11.5 ± 3.0   10.9    10.3  

Firefighter Combat Challenge - Modified 11.2 ± 2.4   10.7    10.4  

CPAT – Steel Hammer 8.6 ± 2.0   8.4    9.7  

CPAT – Deadblow Hammer 18.7 ± 6.1   17.7    12.0  

* Applicant test is the same as the Incumbent but uses a 3.64 kg dead-blow hammer 
instead of the 4.54 kg sledge hammer. 
 

Selection of the best test protocol 

In addition to the performance data, incumbent firefighters also provided 

feedback to rate each test compared to their experience on the job or in training, 

as well as an overall rank for each test in relation to the other tests (Table III). 

 

Table III 
Incumbent feedback on the similarity of the forcible entry simulations as 

compared to the job (Rating) and compared to each other (Ranking) 
 

 
 

 
Rating 

 

  
Ranking 

 Mean Median  Mode  Mean Median  Mode 
 

Tire–Incumbent 
 

3 3 2  4 4 5 

Tire–Applicant 
 

3 3 2  4 4 6 

Combat Challenge –Original 
 

3 3 3  4 4 4 

Combat Challenge-Modified 
 

3 3 2  3 3 2 

CPAT-Steel Hammer 
 

3 2 2  3 2 1 

CPAT-Deadblow Hammer 
 

3 3 2  4 4 5 

 
 



 23

From the combined rating and ranking data, the CPAT forcible entry simulation 

with the steel hammer appeared to be the test that the majority of firefighters 

rated the highest.  Compared to the job, all six tasks were ranked as ‘similar’ (2) 

or ‘somewhat similar’ (3) to the physical demands of forcible entry work. However 

when compared to the other forcible entry simulations, the CPAT simulation with 

the steel hammer was most often (mode) ranked as the simulation of choice by 

the incumbent firefighters. 

 

Most (37%) incumbents ranked the original CPAT test as #1 relative to the other 

options, and the data shown in Table IV confirm that it was the only test ranked 

as #1 or #2 by more than 50% of incumbents (55%).  Therefore, while the career 

firefighters rated all the tests as being valid representations of the physical 

demands of forcible entry, the CPAT was ranked as the best. 

   

Table IV 
Percentage of incumbents ranking each forcible entry test from  

“Best” (#1) to “Worst” (#6)  
 

 Ranking 
 #1 #2 #3 #4 #5 #6 

Tire - Incumbent 11 19 15 15 20 19 
Tire - Applicant 14 20 8 14 16 28 
Combat Challenge - Original 3 4 18 33 16 27 
Combat Challenge - Modified 18 30 25 13 9 6 
CPAT – Steel Hammer 37 18 20 12 10 4 
CPAT - Deadblow Hammer 21 10 13 13 24 20 

 

Reliability of the CPAT Test Protocol 

After familiarization with the equipment and the test procedures, eighteen 

subjects completed the test on separate days following exactly the same 

protocol.  The performance times from the two separate days were found to have 

excellent agreement.    The difference between the mean scores for Day 1 and 

Day 2 was 0.3 s (or 0.4%).  The correlation coefficient between scores for Day 1 

and Day 2 was 0.96.  These results were better than the reliability data for the 
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forcible entry test protocol originally developed for the Canadian Forces Fire 

CFFM FPFE.   

 

Good reliability of test scores (or alternately, “agreement” between scores) 

results from efforts to minimize technical variability and close attention to use of 

proper instructions and familiarization procedures.  Technical variability will be 

reduced through careful set up, equipment maintenance and adherence to 

calibration procedures.  In the CFFM FPFE protocol, each test subject must be 

given a thorough orientation to each job-related test, which includes the 

opportunity for practice and effective feedback from the test administrator.  Any 

learning effect should be accounted for by effective familiarization and practice, 

which implies that the test score is determined by physical capacity and not 

factors such as knowledge or skill.   

 

Minimum Performance Standard 

After selecting the best forcible entry simulation, the next stage of the project was 

to take the simulation to a number of subject matter experts (SME) for their 

evaluation of a minimally acceptable performance standard.  Thirty-seven SME 

were shown video samples of the CPAT forcible entry simulation.  On average, 

the SME had 22 years of firefighting experience.   

 

The sample performance times for the CPAT forcible entry simulation and the 

SME evaluations for each sample are shown in Table V, and the determination of 

the pass/fail cut point is represented visually in Figure 5.  The point of 

intersection was identified by graphing the SME feedback data.  Individual curves 

were generated for the acceptable and unacceptable, using a four-parameter 

logistic curve-fitting equation in SigmaPlot (SigmaPlot 10, Systat Software Inc.).  

The mathematical intersection of the equations describing the two curves was 

taken as the pass/fail cut point, or minimum performance standard.  
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Table V 
Number of subject matter experts (N=37) that evaluated the sample completion 

time for the CPAT as acceptable (pass) or not acceptable (fail).  Completion 
times are in seconds. 

 
  SME Evaluation 

CPAT completion time Acceptable   Not acceptable 

8.6  37  0 

10.6  33  4 

12.5  28  9 

14.4  29  8 

16.2  8  29 

18.5  5  32 

20.9  6  31 
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Figure 5. Identification of the pass/fail point (15.2 s) based on the feedback from 
the Subject Matter Experts (SME) 
 

Pass/fail point 
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Optimal Performance Standard and Performance Catego ries 

Analysis of performance data on the CPAT test from 154 career firefighters 

(including one female) revealed that the top performers (equivalent to the 90th 

percentile) completed the test in 5 s or less.  

 

Table VI 
Descriptive characteristics (mean ± SD) of the 154 incumbent firefighters  

that completed the CPAT forcible entry simulation. 
 

  Mean ± Standard Deviation 

Age (years)  36 ± 8 

Years Experience  10 ± 9 

Height (cm)  181 ± 7 

Weight (kg)*  111.3 ± 11.2 

* Weight includes the firefighter and fire protective ensemble, including SCBA. 
 

Following the same procedure as previously used in the development of 

performance categories for other job-related tests in the CFFM FPFE, the 90th 

percentile was used to identify the top category and the minimum standard (in 

this case, 16 s) was associated with the bottom category.  The difference 

between 5 s and 16 s was then divided into four equal portions representing 

performance categories.     Each category was assigned points from 1 (bottom) 

to 5 (top) as shown in Table VII. 

 

Table VII 
Distribution of points for completion time categories (time in seconds) for the 

CPAT forcible entry simulation. 
 

Time (s)  Points 

< 5.0  5 

5.0 - 7.7  4 

7.8 - 10.5  3 

10.6 - 13.2  2 

13.3 - 16.0  1 

> 16.0  0 
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FF PFMP Sub-study  

Analysis of the performance data from the 85 career firefighters who completed 

the six forcible entry simulations revealed that on average, the weighted tire (with 

steel hammer) and CPAT props required about the same length of time to 

complete.  The half-second difference between the time to complete the current 

incumbent weighted tire forcible entry simulation (8.8 ± 2.7 sec) and the time to 

complete the CPAT forcible entry simulation (8.4 ± 2.0 sec) was not significantly 

different. 

 

Physical characteristics of the participants are shown in Table VIII.  Eighteen of 

the subjects were male and two were female.  Each subject practiced the FF 

PFMP Test until no further improvement in performance time was observed.  

Typically, this required 3 – 5 practice sessions. 

 

Table VIII 
Descriptive and performance characteristics (mean ± SD) of the 20 participants  

in the FF Test sub-study (2 female, 18 male) 
 

 

 

Mean SD 

 

Minimum 

 

Maximum 

Age (years) 26 8 19 56 

Height (cm) 180 9 157 196 

Weight (kg) 81.9 14.9 59 109 

FF PFMP Test time (s) 369 47 293 492 

 

During the FF PFMP Test, split times were recorded for each task and each 

transition between tasks.  The sum of split times for all the tasks in the FF PFMP 

Test is reported as “Work Time” while the sum of all the split times for the 

transition walks between tasks was reported as “Transition Time”.  A summary of 

the performance data on the FF PFMP Test is provided in Table IX. 
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Table IX 
Performance times for subjects (N=20) completing the FF PFMP Test with 

the weighted tire and CPAT forcible entry apparatus 
  

  
Tire  

Forcible Entry 
 

 
CPAT  

Forcible Entry 

Total time (s) 
 

369.2 ± 47.0 
 

364.0 ± 45.9* 
 

Work time (s) 
 

244.3 ± 32.6 239.9 ± 31.0* 

Transition time (s) 
 

124.9 ± 15.5 124.1 ± 15.7 

Forcible entry time (s) 
 

12.5 ± 4.7 9.9 ± 3.5* 

FE-VR** transition time (s) 
 

13.9 ± 2.5 14.2 ± 2.4 

*p<0.05 
**FE-VR transition time represents the time from the end of the forcible entry task to the 
beginning of the victim rescue task (a distance of 15.24 m)  
 

 
The difference between the overall times for completion of the FF PFMP Test 

with the weighted tire and the CPAT forcible entry props was small (5 s) but 

significantly different.  The majority of the difference between conditions was 

attributed to the difference in total work time of 4.4. s (p<0.05).  On average, the 

subjects completed the forcible entry component with the CPAT prop faster than 

with the weighted tire (2.5 s: p<0.05).  There were no significant differences in 

the time for the transition from the forcible entry to the next task (victim rescue) or 

total transition time between the two test conditions. 

 

The difference in FF PFMP Test completion time was statistically significant 

(p<0.05), indicating that the test is slightly easier with the CPAT prop.  However, 

it is the opinion of the investigators that the small difference probably does not 

warrant changing the performance objective for the FF PFMP Test, especially 

since any potential benefit is in favour of the firefighter. 
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Conclusions and Recommendations  

1. Selection of the “best” forcible entry simulation:  

Notwithstanding the feedback of the incumbent firefighters who completed all six 

of the forcible entry simulations and ranked the CPAT simulation as the best of all 

the tests, there are a number of advantages to the CPAT simulation over the 

current incumbent and applicant forcible entry simulations.  This research was 

initiated in recognition of potential issues in the standardization of the current 

forcible entry simulation.  A transition to a mechanical resistance that can be 

calibrated and checked on site will assist in ensuring consistency within and 

between test sites.  In the present study, the CPAT forcible entry unit was 

calibrated to 850 psi of pressure.  As long as all test sites maintain the equipment 

in good order and take care with proper calibration of their CPAT forcible entry 

unit, the issue of standardization between sites should be resolved. 

 

2. Establishing a minimal standard for screening applicants 

The calculated pass/fail standard established for the CPAT forcible entry 

simulation was 15.2 seconds.  Following the practice used in setting the 

standards for the other job-related tests in the CFFM FPFE protocol, the pass/fail 

time was “rounded up” to the nearest second.    If the simulation takes 16.0 s or 

less, the performance should be considered a pass.  On the other hand, if the 

simulation takes 16.1 s or more, then the performance should be graded as a 

failure.  In the language favoured by these authors, the minimal performance 

standard of 16 s should be considered as a screening standard.  That is, meeting 

this criterion “screens” the applicants into successful and unsuccessful groups.   

 

3. Establishing performance standards for selection of applicants  

It may be of interest to be able to rank applicants based on physical capacities.  

That is, those applicants who meet the minimal standard may be then 

categorized based on how well they performed.  As is the case with other job-

related tests in the CFFM FPFE protocol, successful applicants may be assigned 

points based on their performance.  Those applicants who fall near the minimal 



 30

standard are assigned 1 point while the top performers may be assigned up to 5 

points.   The breakdown of scores and the associated points is shown in Figure 

VII above. 

 

4. Incorporating the CPAT prop into the FF PFMP Test: 

The results of the sub-study indicate that the FF PFMP Test is slightly easier with 

the CPAT prop.  On average, the subjects completed the FF PFMP Test with the 

CPAT prop 5 s faster than with the weighted tire.  However, it is the opinion of the 

investigators that the small difference probably does not warrant changing the 

performance objective for the FF PFMP Test, especially since any potential 

benefit is in favour of the firefighter. 
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Appendix A 

Debriefing Questions 
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Procedure 

During the recovery period following each of the 8 tests, a research assistant will 

ask the firefighter Question 1.   

 

At the end of the data collection session, the research assistant will ask the 

firefighter Question 2.  

 

In both cases, the firefighter will be offered the opportunity to provide subjective 

comments to explain his/her ratings. 

 

Question 1 

In comparison to your experiences on-the-job or in fire-rescue training, would you 

say that the physical demands of the forcible entry simulation you just completed 

were: 

 

Very similar _____   

Similar _____    

Somewhat similar _____   

Uncertain _____    

Somewhat different _____   

Different _____    

Very Different _____     

 

Comments 
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Question 2 

Now that you have completed all the tests, please rank the six tests listed below 

from the best (#1) to worst (#6) test to simulate the physical demands of forcible 

entry. 

 

____ The weighted tire on the table-top with the 4.54 kg sledgehammer  

____ The weighted tire on the table top with the 3.64 kg dead-blow hammer 

____ Original Firefighter Combat Challenge.  

____ Modified Firefighter Combat Challenge 

____ CPAT simulation with the 4.54 kg sledgehammer 

____ CPAT simulation with the 3.64 kg dead-blow hammer   

  

Comments 
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Appendix B 

Subject Matter Expert Data Sheet 
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Forcible Entry Study 

Subject Matter Expert (SME) Data Sheet 
 

Name:   Age:   Gender:    M      F 

Years of fire service:   Rank/title:    

Based on your experience in fire-rescue operations and/or training, please rate the 
acceptability of the workrate shown in each video clip simulating a forcible entry 
through reinforced structures (walls, roofs, doors) with hand tools during initial attack 
procedures.  Please use the comments section to explain the rationale for each decision. 
 
 Sample Acceptable Not Acceptable Comments 

Average 
Time �  �   

 
Please rate the acceptability of the workrate shown in this video clip simulating forcible 
entry through reinforced structures (walls, roofs, doors) with hand tools during initial 
attack procedures.  Please use the comments section to explain the rationale for your 
decision. 
 
 Sample Acceptable Not Acceptable Comments 

1 �  �   

 
Please rate the acceptability of the workrate shown in this video clip simulating forcible 
entry through reinforced structures (walls, roofs, doors) with hand tools during initial 
attack procedures.  Please use the comments section to explain the rationale for your 
decision. 
 
 Sample Acceptable Not Acceptable Comments 

2 �  �   

 
Please rate the acceptability of the workrate shown in this video clip simulating forcible 
entry through reinforced structures (walls, roofs, doors) with hand tools during initial 
attack procedures.  Please use the comments section to explain the rationale for your 
decision. 
 
 Sample Acceptable Not Acceptable Comments 

3 �  �   
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Please rate the acceptability of the workrate shown in this video clip simulating forcible 
entry through reinforced structures (walls, roofs, doors) with hand tools during initial 
attack procedures.  Please use the comments section to explain the rationale for your 
decision. 
 
 Sample Acceptable Not Acceptable Comments 

4 �  �   

 
 
Please rate the acceptability of the workrate shown in this video clip simulating forcible 
entry through reinforced structures (walls, roofs, doors) with hand tools during initial 
attack procedures.  Please use the comments section to explain the rationale for your 
decision. 
 
 Sample Acceptable Not Acceptable Comments 

5 �  �   

 
 
Please rate the acceptability of the workrate shown in this video clip simulating forcible 
entry through reinforced structures (walls, roofs, doors) with hand tools during initial 
attack procedures.  Please use the comments section to explain the rationale for your 
decision. 
 
 Sample Acceptable Not Acceptable Comments 

6 �  �   

 
 
Please rate the acceptability of the workrate shown in this video clip simulating forcible 
entry through reinforced structures (walls, roofs, doors) with hand tools during initial 
attack procedures.  Please use the comments section to explain the rationale for your 
decision. 
 
 Sample Acceptable Not Acceptable Comments 

7 �  �   

 
 
 
 
THANK YOU! 
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Appendix C 

Equipment List 
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Equipment list 
  

CPAT forcible entry machine  

CPAT Distribution, Inc.   

39965 Sunset View Circle,  

Murrieta, CA 92562.   

Phone 626-599-8814 

Fax 626-599-8824 

http://www.cpatdistribution.com 

 

Steel Mounting Stand (see schematic, Appendix D) 

The critical measurements of the stand are: 

· the bolt pattern for mounting the forcible entry machine.  Check the bolt 

pattern of your machine before drilling holes for mounting bolts 

· the height of the centre of the strike face above the floor should be 36”  

It is strongly recommended that the other measurements of the stand are as 

close as possible to the sketch provided, however small deviations should make 

no significant difference for the operation of the test.  

 

Wood Foot Plate (see schematic, Appendix D) 

The 5’6” footplate simulates the base of a wall or door, and is intended to be flush 

with face of the forcible entry machine when the machine is in full extension, and 

long and high enough so that applicants do not step past it 

 

10 lb sledge hammer 

 

2x4” C-clamps 

 

40 gal drum filled with water 
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Appendix D 

Specifications and photos for forcible entry mounting stand and foot plate 
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Figure D-1.  Forcible entry machine, stand, footplate and 10lb steel sledge 
hammer set up and ready for testing. 
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Figure D-2   
 
These photos correspond to the 
schematics on page 40.  The 
important measurements include 
the bolt pattern for the forcible 
entry machine (above, 3” C-C 
horizontally and 10” C-C 
vertically) and the height from the 
floor to the centre of the strike 
face (36”).  Small alterations in 
other measurements in order to 
accommodate materials or space 
are allowable.   
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 45

 
 
 
 

Appendix E 

Test Set-Up 
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Test Set Up 

The forcible entry stand should be placed against a secure wall.  The 40 gal drum 

should be placed as close behind the vertical face of the stand as possible, 

resting on the first 2 angle-iron braces.  Secure the wooden footplate to the front 

of the vertical face of the stand with two “C-clamps”, so that the foot plate is 

resting on the floor. Ensure that the mechanical face of the forcible entry machine 

is fully extended and that the buzzer is active.  The 10 lb sledge hammer should 

be placed on the floor, aligned with the center of the forcible entry machine. 

 

 

 

I 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Instructions 

The applicant starts from an erect position, facing the 10 lb steel sledge hammer 

in front of the forcible entry apparatus.  Using the 10 lb steel sledge hammer, the 

applicant strikes the mechanically braked target surface of the forcible entry 

apparatus as rapidly as possible.   
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The test begins when the applicant reaches for the hammer, and is completed 

when the face is fully compressed, setting off the buzzer.  This test assesses 

muscle strength and power, particularly in the upper body and must be 

completed correctly and safely in 16 s or less. 

 

Timing 

The test begins when the applicant reaches for the sledge hammer, and ends 

when the face of the machine is fully compressed, completing the buzzer circuit, 

and setting off the buzzer.  Time should be rounded to the nearest 10th of a 

second (one decimal place).   

 

 

 


