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Introduction

What follows is a review of published research-to-date (1989-1996) on Type III emergency exit evacuation tests. Interest in identifying the pathway width that would optimize passenger and crew evacuation began in force in 1986, one year after a B-737 operated by British Airtours caught fire at Manchester Airport in the United Kingdom (UK). Of the 137 passengers on that jet, 76 tried to escape through the overwing exit. In all, 55 people died. 


1986, UK published Airworthiness Notice No. 79

In 1986, the year after the British Airtours crash, the Civil Aviation Authority (CAA) in the UK published Airworthiness Notice 79 which stated that no part of any seat beneath the exit may extend beyond the exit centerline and "the access between seat rows, vertically projected, shall not be less than one half the exit hatch width, including any trim, or 10", whichever is the greater" (Para. 4.1.1). The alternative acceptable configuration was twin 6" pathways each without an outboard seat. At that time, the typical emergency exit pathway on aircraft in the United States (US) was 6" – 8" wide and there was no minimum standard for pathway width, per se.

1989, Rasmussen and Chittum (CAMI, US)

In 1989, Rasmussen and Chittum of the Civil Aeromedical Institute (CAMI) in the US published the results of their research on how seat configuration affects two components of evacuation time: the time it takes for the passenger seated next to the emergency exit to remove the door (Exit Preparation Phase), and the time it takes for a passenger to leave the aircraft through the opening (Exit Flowrate Phase)
. The four seat configurations of interest were 6" unobstructed pathway, 10" unobstructed pathway, 20" pathway with a 5" seat encroachment, and central seat placement with outboard seat removed (OSR). 

A total of 127 subjects (aged 17-70 years) formed four groups and each participated in four trials during the Exit Flowrate Phase. During each trial, the emergency exit door was removed by a male test subject who had been randomly selected to sit next to the exit. The seat configuration for each trial was selected according to a latin square design so that subjects did not know which configuration to expect at the exit. Subjects were asked to change their seat position for each of the four trials and they were told to exit with an "emphasis on maximum speed…consistent with personal safety" (page  7).

In the Exit Flowrate phase, subjects participated in four trials and the testers reported the mean subject exit time
. The results indicate that performance generally improved from trial 1 through trial 4, regardless of seating configuration (Figure 5, page  11). That is,  practice improved performance. Subjects sitting in an exit row with a 20" pathway were able to exit more quickly than those sitting in an exit row with either a 10" pathway (non-significant) or a 6" pathway (significant).

Forty subjects were one-time active participants in the Exit Preparation Phase. They were younger (aged 17-58 years). US regulations have since been amended to require that able-bodied passengers are assigned to sit in an emergency exit row (14 CFR 121.585).  These "active" subjects were assigned to open and remove the exit door while additional "passive" subjects sat next to them. Testers measured the time from the moment that the evacuation bell sounded to the instant that the door first shifted in its frame, and the subsequent time it took to remove the door. The combined time that it took to release the door latch and remove the door was faster for subjects sitting in an exit row with a 20" pathway than those sitting in an exit row with either a 6" pathway (significant) or a 10" pathway (non-significant).

Even though the differences in mean evacuation and combined latch release/door removal times between the 10" and 20" pathway tests were not significant, when subjects had to remove the door while sitting in an 6" or 10" wide exit row, "there were more instances of the door being placed vertically in the seat previously occupied by the person occupying the exit or on the floor of the seat row leading to the exit" (pages 14-15). Further, the researchers concluded that discarding the door in the exit path "may well be more detrimental to safe and rapid egress than many other controllable factors". If a door was discarded in a 20" pathway, it would  "probably not impair rapid movement as much as when similarly positioned in the active seat row with an existing minimum configuration." (page 14). Specifically, when subjects placed the hatch in the pathway when the outboard seat was removed, it was "not judged to offer potentially significant obstructions to rapid egress"; however, in either the 6" or 10" pathway, hatch placement "can adversely affect the egress rate" and the "floor placement will generally be the most detrimental" (page 15). 
In summary, Rasmussen and Chittum, 1989 reported:

· a faster mean exit time for subjects passing through a 20" pathway compared to both 10" (non-significant) and 6" (significant); 

· a faster combined door release/opening time for subjects sitting in a row with a 20" pathway compared to both 10" (non-significant) and 6" (significant); and 

· fewer instances of a subject placing the hatch in the pathway when in an exit row with a 20" pathway, as compared to either a 10" or  6" pathway.
Comment on Rasmussen and Chittum, 1989

Rasmussen and Chittum, 1989 considered hatch release/removal time in addition to mean exit time. The authors noted that there were more instances of the hatch being placed on the floor or the seat row with the 10" or 6" configurations compared to the 20" configuration; they commented that regarding egress rate, "the floor placement will generally be the most detrimental" (page 14). Subjects only participated in four trials and their age range (17-70) is probably representative of the flying public. Practice improved performance and the 20" configuration permitted the fastest mean evacuation time of those configurations tested. Unfortunately, Rasmussen and Chittum, 1989 did not test performance through either 13" or 18" pathways; however, in 1989, Muir et al. reported that a 18" pathway "would appear to be the optimum" under both competitive and non-competitive conditions, which is consistent with the findings of Rasmussen and Chittum, 1989. 

1989, Muir et al. (Cranfield Institute of Technology, UK)

In 1989, Muir et al. published the results of their research conducted at Cranfield Institute of Technology in the UK
. A total of 2262 subjects participated; and subjects evacuated through the overwing exit in approximately half of the tests. Regarding the overwing exit tests, Muir et al. measured evacuation times with six different seat configurations: 3", 6", 13", 18", 25", and 34". Each test group had an average of 55 subjects and each subject participated in a total of four trials; the seating configurations were selected according to a latin square design. Subjects had to be "reasonably fit.. and between the ages of 20 – 50" (page 6). In the 54 competitive evacuations through the overwing exit, the mean subject age was 28.8 years and 71% were male. In the 12 non-competitive evacuations through the overwing exit, subjects were aged 20-50 and 63% were male (page14). 

The mean evacuation time for the first 30 subjects to evacuate under different test conditions was compared. Also, "a member of the research team [was] employed to open the exit and hand it to a trained observer on the wing" (page 4). In preparation for these tests, "the seat back strength on the rows adjacent to the exit was increased to a standard higher than the minimum specified in AN No. 79…to prevent the risk of injury to volunteers caused by part of the seat being broken by people falling between the support webbing in their attempts to egress" (page  4). 

Muir et al, 1989 reported that:

· In the competitive evacuations, "age was shown to influence the position an individual attained in the evacuation with those over 35 being significantly slower out of the aircraft. Similarly, males were found to be [significantly] superior in their ability to evacuate the aircraft" (page  13). 

· Five of the 54 competitive trials were aborted because "blockages of people in the overwing exit caused the safety officer to consider it to be dangerous to continue" (page 7). Two of these five aborted tests involved a 3" pathway, two involved a 6" pathway, and one involved an 18" pathway. However, "as the distance between the seat rows was increased, the tendency for blockages to occur in the doorframe was reduced" (page  19). Finally, "as the vertical projection [pathway width] between the seats was increased from 3" to 25", the speed of the evacuation of the first 30 volunteers was increased" (page 19).   

· In both the competitive and non-competitive evacuations, seating configurations had a significant effect on mean evacuation time (page 11, page 14). Also, the evacuation times "for the 13", 18", and 25" vertical seat projections are not significantly different, although an 18" vertical projection would appear to be optimum" (page 20).

· Given that the subjects did not have to remove the exit door, "a further investigation involving volunteers from the public opening the exit whilst being pushed by other people would be required in order to explore the influence of the seating configuration on the efficiency of opening and disposing of the hatch" (page 20). 


Comment on Muir et al, 1989 

The authors acknowledged that one shortcoming of this test protocol was that the hatch removal time was not assessed (page. 20). However, the authors  measured evacuation time under a wide range of seating configurations under both competitive and non-competitive conditions for a large number of subjects who participated in a maximum of four trials. A wider passageway (up to a point) allowed faster evacuation times, older people were slower to evacuate (although the oldest subject was 58), and blockages were less likely to occur in the wider pathways. As indicated on Figure 4 (page 17), Muir et al concluded that a 18" pathway "would appear to be optimum" under both competitive and non-competitive conditions. Recently, Cranfield researchers reported that "if abandoned evacuations are simply ignored then the optimum appears to be approximately 20" ('best fit curve' of CAA Paper 89019')" (Presented at CSHWG meeting, Seattle, WA, April 4-6, 2000). The potential merit of the 25" configuration was not evaluated in subsequent tests. Finally, the authors recognized that in an accident, evacuation times are likely to be considerably longer and the problems greater than in these simulated tests (page 21). 
1990, Muir et al. (Cranfield Institute of Technology, UK)

In 1990, Muir et al tested the effect of four different seating configurations (6", 13", 18", 34") on evacuation time under smoky, non-competitive conditions. Two trials (each with 30 subjects) were conducted for each Type III exit configuration (8 trials total). Each subject participated in a total of four trials, but only two of these were through Type III exits and will be discussed here. Also, each subject was "reasonably fit and between the ages of 20-50" (page 5). The researchers only measured evacuation time and did not consider hatch removal.

First, the four mean evacuation times were compared to each other; second, the mean evacuation times for each configuration under smoky, non-competitive conditions were compared to evacuation times for the same configurations under both competitive and non-competitive test conditions without smoke reported by Muir et al. in 1989. 

Muir et al, 1990 reached the following conclusions:

· Under non-competitive, smoky conditions, the average evacuation time for the 18" configuration was faster than for the 13" configuration; however the difference was not significant.

· On average, evacuations through the 18" pathway were faster than those through the 34" pathway; however, the difference was not significant. 

· Evacuations were significantly slower under the non-competitive smoky conditions than under the no-smoke test conditions (1989), whether competitive or non-competitive.

Comment on Muir et al, 1990

Smoke slowed evacuations. On average, evacuations were fastest through the 18" configuration, in agreement with the findings of Muir et al, 1989. However, there were only two trials for each seating configuration, trials were not competitive, and hatch removal time was not considered. 

1991, aircraft crash at Los Angeles International Airport

In 1991, there was another airport accident. This time a B-737 operated by US Airways crashed into a commuter aircraft operated by Skywest at Los Angeles airport (LAX). This time, 22 people died on the B-737. The FAA reported that "a deceased flight attendant and 10 deceased passengers were found lined up in the aisle within 8 feet of the exit. They died as a result  of smoke and particulate inhalation" (FR 57(86):19243 (1992)). According to the NTSB, "they most likely collapsed while waiting to climb out the overwing exit" (FR 57(86): 19243 (1992)).

1991, FAA published proposed rule (NPRM 91-11)

In response to "issues raised by various sectors of the public regarding the adequacy of existing regulations involved with emergency evacuation" (56 FR 14446, April 9,1991) and following the accidents at Manchester Airport (1985) and LAX (1991), the FAA published a proposed rule in April 1991 that defined two acceptable configurations for access to a Type III exit: an unobstructed pathway at least 20" wide with a maximum 5" "centerline offset" (defined as the distance between the center line of the opening and the center line of the pathway; this means that at least 15" of the 20" pathway must meet the opening), or two adjacent 6" exit paths with the outboard seat removed leading to two exits (56 FR, 14451-14452, April 9,1991). 

1992, McLean et al. (CAMI, US) 

In August 1991, the CAMI conducted additional evacuation tests with a series of seat configurations that an airline trade association (Air Transport Association, ATA) had suggested to the FAA in a closed meeting in June 1991
. The ATA proposed that, depending on the outcome of these tests, the FAA might consider such configurations as acceptable alternatives for carriers to comply with the final rule. 

Four groups of 39 subjects participated in four trials that were administered according to a counterbalanced design. Subjects were aged 19 – 61 years and sat in rows of three seats unless specified. The testers measured the mean time to remove the hatch and evacuate under four conditions: (1) 20" pathway with 5" encroachment; (2) 10" unobstructed pathway with forward seat broken further forward by 15 degrees; (3) 10" unobstructed pathway with double seat row proximal to exit and triple seat row distal to exit; and (4) three 6" pathways (each with outboard seat removed) leading to two openings.

McLean et al, 1992 reached the following conclusions:

· "The results of this study support and extend the earlier findings by Rasmussen and Chittum" (page 5). That is, the 20" pathway with the 5" encroachment "provided the most efficient egress of any of the single Type III seating/exit configurations studied" (page 5). 

· "By contrast the configuration in which the pathway width was reduced to 10" provided the longest egress time, even though the seats forward of the exit were broken forward 15 degrees past plumb" (page 5).

· The configuration with the 5-abreast seating and 10" pathway provided egress times intermediate to the two aforementioned configurations. 

· The individual egress times through the triple 6" pathways were extended, "primarily resulting from the reduction in pathway width" (page 6). The hatch removal times were also extended by 30-40% (1.5-2 seconds longer than the single exit hatch plug removal times) because subjects had to "lean far over or get out of their seats." (page 6). 

It is not clear if the localized crush of subjects that would be created at adjacent openings contributes to the extended evacuation times; certainly, twin exits do not appear to afford any benefit compared to two exits spaced rows apart. The authors recommend replacing the outboard seats and having a 1:1 ratio of pathways to openings. Specifically "a net gain in egress efficacy should be possible by replacing the double seat assemblies with triple seat assemblies and arranging them so that only one appropriately configured pathway leads to each of the dual exits, effectively producing two independent single Type III exits" (page 6).

Comments on McLean et al, 1992

Like Rasmussen and Chittum (1989), the authors considered both the door removal time and the mean evacuation time. 

Also like Rasmussen and Chittum (1989), the authors concluded that the 20" pathway with a 5" encroachment provided the most efficient egress times of those tested. Finally, they concluded that the 10" pathway (even with the forward seat broken further forward by 15 degrees) provided the longest egress times of those configurations tested. This does not support the 1996 regulatory proposal by the JAA to reduce access to 10". 

Interestingly, removing the outboard seat appeared to prolong the plug removal time because each subject had to lean far from their seat in order to release the hatch. Also, the observed increase in evacuation time was attributed to the narrow pathway width (6"). In 1989, the field staff on the Cranfield team who had been assigned to remove the hatch prior to each test session experienced difficulty when the outboard seat had been removed because the test subjects tried to cram into the empty space that was created. The researchers stated that a net gain in egress efficiency may be achieved by maintaining a 1:1 ratio of pathways to openings.

May 1992, FAA published final rule

In May 1992, the FAA published the final rule entitled "Improved Access to Type-III Exits." (14 CFR 25.813(c)), largely based on the report that Rasmussen and Chittum published in 1989 as well as the tests conducted by McLean et al in August 1991. In the final rule, the FAA defined three acceptable seat configurations: (1) a minimum 20" pathway with a maximum centerline offset of 5" for three-seat exit (Attachment 1); (2) a minimum 10" unobstructed pathway if the seat rows on the exit side of the aircraft contained only two seats (Attachment 2); and (3) twin adjacent 6" pathways with each outboard seat removed, each leading to a single unobstructed exit (Attachment 3). The FAA also announced that they would accept "any alternative seat configuration, exit procedure, or other change that would accomplish an equivalent improvement in flow rate" (FR 37(86): 19226, 1992). Compliance with the final rule had to be achieved by December 3, 1992.

Comments on the 1992 FAA final rule

The FAA cited the work of Rasmussen and Chittum, 1989 (No. DOT/FAA/AM-89/14) as background to the final rule (57 FR 19220, May 4, 1992) and observed that "the tests conducted by CAMI showed that a significant improvement in egress rates could be achieved by increasing the access space to Type III exits over that currently required by Part 25". The FAA also cited the work of McLean et al, 1992 (57 FR 19227, May 4, 1992) and reported that "Configuration C [20" pathway with a 5" encroachment] provided the most efficient egress of the configurations tested". Finally, the FAA cited the 1989 report published by Muir et al. in the UK and reported that the results "are generally consistent with the CAMI tests (McLean et al, 1992) using [the 20" pathway with a 5" encroachment]" (57 FR 19237, May 4, 1992). 

There were three inconsistencies  between the final rule and the conclusions drawn by McLean et al in 1992. This was surprising because McLean’s research had been commissioned in order to identify alternate configurations that would still be deemed acceptable by the proposed FAA standard. First, McLean et al recommended that one pathway lead to one opening in an effort to avoid the "who goes next" hesitation at the exit; however, the final rule deemed that two 6" pathways leading to a single opening would be acceptable. Second, McLean et al recommended that the outboard seat not be removed from the 6" pathway because doing so prolongs the hatch release time; however, the final rule required that the outboard seat be removed from each of the two 6" pathways. Finally, McLean et al reported that the mean egress time through the 10" unobstructed pathway in row of five seats abreast was intermediate to the 20" pathway with 5" encroachment and the 10" pathway in a row of three seats; nonetheless, the 10" (two-seat row) and 20" (three-seat row) configurations were both allowed by the final rule. 

Although the work of Muir et al was not specifically commissioned to identify alternative configurations for the 1992 FAA rule, it did conclude that two 6" pathways leading to a single opening (deemed acceptable by the FAA and the UK CAA) had "not only [had] a tendency to give rise to blockages, but [that] the opening and disposing of the exit was found to be more difficult in this configuration" (page 22, Muir et al, 1989). These results are consistent with Rasmussen and Chittum, 1989 who observed more instances of the door being placed on the floor or on the seatrow with the 10" and 6" configurations, compared to the 20" configuration. 

October 1992, the ATA filed a petition for rulemaking 

On October 5, 1992 (only two weeks after McLean et al. completed the field testing described in their 1995 research paper), the ATA petitioned the FAA to reduce the minimum required pathway from 20" to 13" (57 FR 54346. Nov. 18, 1992). This configuration is shown in Attachment 4.

Among their reasons was their assertion that "the new rule [the 1992 rule currently in effect] places the FAA in a position in which it defines the airline's interior configuration…The US Federal Aviation Act does not give the FAA jurisdiction over airline marketing issues and cabin seating configuration is a quintessential marketing issue" (FAA Docket No. 27012). 

It is the opinion of the International Transport Workers Federation (ITF) that the width of pathway through which passengers and crewmembers must evacuate during an emergency is a safety issue, not a marketing issue. 

The ATA also asserted that the FAA's cost-benefit analysis was "erroneous". For example, a single carrier estimated that the cost of labor and materials would exceed $15 million. In contrast, the FAA estimated that the cost of reconfiguring the [then] current fleet (including design changes, approval, labor, and materials) over the years 1993-2002 would be $4.3 million (57 FR 19243, May 4, 1992). 

In terms of benefits, the National Bureau of Standards (NBS) reviewed aircraft accidents that involved fire from 1965 through 1982 and estimated that 109 of the 712 fatalities could have been saved if there had been 20 additional seconds of evacuation time. This translates into 3 lives saved per 100 million passenger enplanements. Accordingly, the FAA estimated that 32 lives might be saved over a 20-year period (1993 through 2012) as a result of the rule, and that the "based on these and other estimates, the benefits would total $47.4 million" (56 FR: 14449, April 9, 1991). As an example, the expected 14% reduction in evacuation time could have saved five lives in the 1991 LAX crash alone and "applying a statistical economic value of a life of $1.5 million", $7.5 million could have been saved" (FR 57, 19243, May 4, 1992), to say nothing of the suffering that could be saved by improved access to a Type III exit.

The petitioners criticized the data on  which the 20" rule was largely based; specifically, they were concerned that the test conditions were non-competitive, showed "learning curve effects", and "did not represent actual emergency conditions". Rather, the ATA supported the conclusions of an additional series of tests conducted at CAMI (subsequently published by McLean et al in 1995) which did not consider hatch removal time and associated subject behavior, did separate subjects according to age, and did permit subjects to "learn" how to evacuate quickly before the "experimental trials" commenced. It is therefore unclear how the additional test series referred to by the petitioners "represent actual emergency conditions". It is true that "excessive seat space between seat rows can actually impede evacuation"; however, this has only been observed at pathways wider than 25" (competitive without smoke) or 34" (non-competitive with smoke) ((Muir et al, 1989 and 1990, respectively). Indeed, the Joint Aviation Authorities (JAA) recognized 25" as the maximum pathway width that would afford benefit in their 1996 Notice of Proposed Amendment for both current (NPA 26-2) and future aircraft (NPA 25D-270).   

1992, Muir et al. (Cranfield Institute of Technology, UK) 

In 1992, Muir et al published the results of their evacuation testing under smoky, competitive conditions for four different configurations (6", 13", 18", 34"). Trial conditions were the same as those described in the 1990 paper with which the 1992 results were compared.  Subjects participated in groups of 40 and had to be "reasonably fit and between the ages of 20 and 50" (page 6).  Each subject participated in a total of four trials, but only two of these were through Type III exits (32 Type III trials total) and will be discussed here. First, the four mean evacuation times were compared to each other; second, the mean evacuation times for each configuration under smoky, competitive conditions were compared to the mean evacuation times for the same configurations under smoky, non-competitive conditions reported by Muir et al. in 1990. Note that again the researchers measured only evacuation time and did not consider hatch removal.

Muir et al, 1992 concluded that:

· Age, weight, and height did not significantly affect evacuation times.

· The 6" configuration resulted in the slowest evacuations (without "outliers").

· The 34" configuration resulted in the fastest evacuations (without "outliers").

· The times for the 18" configuration were "marginally slower" than the times for the 13" configuration (with or without outliers); however, the difference was not significant (page 11). 

· Competitive overwing evacuations with smoke were generally slower than the non-competitive overwing evacuations with smoke. The overall difference was significant (p=0.01). (page 15)

Comment on Muir et al, 1992
Muir et al did not consider hatch removal time or hatch placement, even though hatch removal time is partly a function of whether or not the outboard seat is present (McLean et al, 1992) and the degree to which hatch placement affects egress can affect egress efficiency (Rasmussen and Chittum, 1989). (Later, Fennel and Muir, 1993 also concluded that hatch removal time is a function of pathway width.) Unfortunately, neither the non-competitive (1990) nor the competitive (1992) "smoke trials" evaluated the merits of 25" relative to 20". In contrast, there have been several studies either funded or requested by the industry that have attempted to evaluate progressively smaller access widths.

The conclusions drawn by Muir et al in their 1992 report conflicted with some of their earlier findings. For example, in 1989, they concluded that the 18" configuration "would appear to be optimum" under competitive conditions; in 1990, they concluded that smoke significantly slows evacuations; and in 1992, they concluded that evacuations under competitive conditions (closer to real-world evacuations) are generally slower than non-competitive conditions. However, the results reported in Muir et al, 1992 suggest that under smoky, competitive conditions, 13" is not statistically different than 18" and may even be marginally better. Note that the study reported that age was not a significant factor in evacuation time, but this is likely because none of the subjects were older than 50 and the mean subject age was 28.

1993, Fennel and Muir (Cranfield Institute of Technology, UK) 

In 1993, Fennel and Muir reported on the influence of hatch weight (12.5kg, 15kg, 25kg) and seating configuration (pre- and post-AN No. 79) on the ease of operation of a Type III hatch
. The pre-AN79 configuration was a 7" pathway and each of the 96 subjects participated in a single trial. The post-AN79 configuration had a 13" pathway and each of the 96 subjects participated in three trials. For both configurations, "the step-down height from the bottom of the door onto the wing was 15 inches which is considerably less than the maximum 23 inches allowed" (page 4). All of the subjects had to be 0-50th percentile height and weight and were aged 20-54 (mean = 32.5 years). A 50th percentile male dummy was seated immediately adjacent to the Type III exit in half of the trials to "assess the influence of an incapacitated passenger on the ability of volunteers to operate the exit" (page 3). All of the evacuation tests "continued until the volunteer had successfully opened and disposed of the hatch and evacuated through the exit onto the wing" (page 7). In both seating configurations, a safety card with pictures that instructed the subject to dispose of the hatch outside the aircraft was posted on the back of the row of seats in front of the exit row. Subjects were given time to study the card.

Fennell and Muir, 1993 reached the following conclusions: 

· On the first trial with the 13" seating configuration, 53.1% of the subjects placed the hatch on the floor (Table 8, page 17), even though they had been instructed to dispose of the hatch outside the aircraft. 

· With the 13" seating configuration, 21.8% of the subjects had expected that the hatch would be hinged, and reported that it was not clear that the hatch had to be lifted out in order to be removed (page 22).  

· The hatch removal and evacuation time was significantly slower under the 25kg hatch condition than the 12.5kg hatch condition. (The authors report that a typical Boeing 737 hatch weighs approximately 22kg.) 

· The hatch removal and evacuation time was significantly faster under the 13" configuration than the 7" configuration.

· Both of the above-mentioned effects were significantly greater for females compared to males.

· "The presence of a dummy increased the time required to make the exit available to a significantly greater extent in the pre-AN79 configuration [7"] than in the AN79 configuration [13"]" (page 24).

· Practice improved the subject’s ability to open and maneuver the hatch (page 22).

· Safety cards should indicate that the hatch is heavy and is not attached to the aircraft.

Comment on Fennell and Muir, 1993

The authors concluded that the average time required to remove the hatch and evacuate was a function of  pathway width, and that the effect was even stronger when women were assigned to open the Type III exit hatch. Further, the majority of subjects disposed of the hatch inside the aircraft, despite being told to do otherwise. And one in five subjects expected the door to be hinged, despite the picture to the contrary on the safety card that had been posted in front of their eyes. Because the 18", 20", and 25" pathway widths were not tested, it was difficult to integrate these results with the two CAMI studies (1989, 1992) which had combined pathway/seat configuration with door operation. Nevertheless, given that the average time to remove the hatch and evacuate was significantly faster with the 13" seating configuration than the 7" configuration, and given that CAMI researchers observed improved total hatch removal times with increasing pathway widths in 1989 and 1992, a pathway that is wider than 13" may further improve evacuation times beyond those measured by Fennel and Muir.

In agreement with CAMI research conducted in 1989, practice was found to improve performance (page 22). This point has not been adequately addressed in subsequent research.

1995, McLean et al. (CAMI, US) 

In 1995, McLean et al. published the results of their work intended to identify how different pathway widths and different subject characteristics (most notably age, but also girth and gender) affect egress time
-
. This research was conducted in September 1992 at the request of the ATA shortly after the FAA published their 20" rule in 1992 (66 FR 19227, May 4, 1992).

The subjects were assigned to one of two age groups (18-40 and 40-62 years) in an effort to measure the effect of age on egress time with various combinations of pathway widths (6", 10", 13", 15", and 20") and seat encroachments (5", 10", and 15"). All subjects were told that they "could not jump ahead in the egress queue, shove other subjects out of the way, or impede other subjects in any way" (Part II, page  4). The performance measure was the time that it took 35 of the 37 subjects in each of the two groups to evacuate the aircraft. Evacuation times for the two slowest participants were discarded. In order to "encourage an optimum level of subject performance throughout the study, a 'cooperative cooperation' was established" (Part II, page 4); namely, subjects were told that the top three performers (across all trials) would be given an "unspecified bonus". 

Each subject participated in 30 experimental trials as well as a "learning exercise" where "subjects were allowed to climb through the exit opening, learning how to exit as quickly as possible" (Part I, page 5). The results of the learning exercise were not reported. 

This study did not investigate the effect of subject characteristics (such as age) on the time required to release the exit door latch or remove the door. Rather, at the start of each trial, "the Type III exit cover was immediately removed from outside the aircraft simulator by a research confederate" (Part I, page 6).

Many of the test results involving the older test subjects had to be discarded because, during the 10" pathway trials they engaged in "seat stepping" which was not permitted under these experimental conditions.

The test results from the two age groups were combined because of "general similarity of effects for both subject groups" (Part I, page 7); however, regarding pathway width, Figure 3 suggests that while the relationships between evacuation time and pathway width for each group may not be statistically different, they are not the same; also, regarding seat encroachment, the variability was too high (and the trials too few) to find an effect for the older group (Figure 5). Further, the combined data does not account for any interaction between the combination of older and younger passengers during an emergency evacuation.

McLean et al, 1995 reached the following conclusions:

· "Advanced subject age produced decrements in the speed of evacuation, relative to the younger subjects, at all passageway widths and seat encroachment distances." (page 8 of Final Report – Part I, July 1995) 


· "Reducing the pathway width also led to increased evacuation times, as did increasing seat encroachment distance to the maximum allowable." (page 8 of Final Report – Part I, July 1995)

· "Decreasing pathway width and increasing seat encroachment distance both functioned to reduce the available workspace at the exit proper, and this effect challenged subject’s agility and produced an increase in the effort they had to expend to egress." (page 8 of Final Report - Part I, July 1995)

Comment on McLean et al, 1995

It is not clear why the subjects were separated by age if this work was intended to justify a specific pathway width or encroachment distance that would be applied to mixed-age passenger populations. Although the subjects were separated by age, their test results were combined without considering any potential interaction during an evacuation between more- and less-able subjects. 

On page 8 of the Final Report - Part I (July 1995), the authors claimed that a "more-reasoned and appropriately conservative approach in designing the passageway to the Type-III exit would be to expect older passengers to be at least as affected by seat placement as was the more agile and faster younger subject group employed here, and use only the results from the younger subject group as guidance for choosing the minimum passageway width." (pages 8-9 of Final Report – Part I, July 1995). However,  the authors found a significant effect of age (p<0.001) which has been supported by other researchers (including Muir et al, 1989 who concluded that subjects over the age of 35 were significantly slower to evacuate). Posing a 13" pathway as the "most restrictive configuration allowable" appears then to be based on the test results of subjects aged 20 – 40. More valid subject age ranges can be referenced in Rasmussen and Chittum, 1989 (20-70 years) and McLean et al, 1992 (19-61 years). The 1989 report observed the fastest mean hatch release/removal and evacuation with the 20" pathway compared to other configurations tested, and of the single-exit triple-seat configurations tested in 1992, the authors reported that "the fastest times and the highest flow-rates occurred with a 20" pathway between triple seats" (McLean et al, 1992). 
The study protocol did not account for hatch removal component of evacuation; however, Rasmussen and Chittum, 1989 observed "fewer instances of a subject blocking the exit opening with the recently-removed door when seated in an exit row with a 20" pathway, as compared to either a 10" or 6" pathway". Also, Rasmussen and Chittum predicted that a door discarded in the exit pathway would likely slow evacuation through a 6" or 10" pathway. Also, Fennel & Muir, 1993 observed that when sitting in a 13" exit row, 53% of subjects placed the hatch on the floor, even though they had been instructed to dispose of it outside the aircraft. Further (perhaps not related to pathway width, but important and relevant nonetheless), one in five subjects reported that they had expected the hatch to be hinged, even though the safety card that was posted in front of their eyes showed otherwise.

Finally, regarding the mean evacuation time, the study protocol did not attempt to test the behavior of naïve (or nearly naïve) subjects; rather, subjects engaged in "learning trials" followed by 30 experimental trials; also, the results of the "learning trials" were not reported. If the authors were not attempting to measure the behavior of naïve subjects, then it is the opinion of the ITF that the results of this work should not be applied to regulations that implicate naïve passengers. 

Rather, it would appear that the proposed 13" standard should only be applied to aircraft filled with passengers between the ages of 18 and 40 who engage in "learning" evacuation sessions prior to departure. These flights would need to be met by an army of "research confederates" who would stand on the runway and somehow remove the exit door from outside of the aircraft in the event of an emergency.

1995, FAA proposed amendment to final rule (NPRM 95-1)

In 1995, the FAA proposed an amendment to 14 CFR 25.813(c)(1)(i); specifically, the FAA proposed to change to the current seating configuration that requires a minimum 20" pathway with a maximum centerline offset of 5" (that is, at least 15" of the 20" pathway must meet the opening, see Attachment 1), to a minimum 13" pathway with a maximum centerline offset of 6.5" (that is, at least 10" of the 13" pathway must meet the opening, see Attachment 4). 

Comment on the FAA proposed amendment to the 1992 final rule  

The proposal that the width of the evacuation pathway be reduced from 20" to 13" meets the October 1992 request of the ATA.  It is largely based on the work that McLean et al. published in 1995 despite the fact that the study: (1) did not test the behavior of naïve (or nearly naïve) subjects; rather, the subjects participated in "learning trials" and then 30 additional experimental trials; (2) did not consider the hatch removal component of the evacuation time; (3) did not acknowledge that narrower pathways increased the likelihood that a passenger will discard of the hatch in the path to the exit; and (4) separated the subjects into two groups according to age. For further discussion, see above.

According to the findings of CAMI research published in 1989 and 1992, hatch removal time and hatch placement are affected by the width of the pathway; however, the FAA appears to have proposed that the 1992 rule be amended without considering these critical factors. 

Also, the FAA did not propose that the configuration with the 6" pathway and the outboard seat removed be abolished, despite the mounting evidence that egress through this configuration is less efficient than other configurations tested.

1996, Muir et al. (Cranfield Institute of Technology, UK)

In response to the European industry who had requested (and funded) that the distinction between  6" and 10" exit pathways (with various seat encroachments and seat placements) be examined more closely, Muir et al. published the results of some additional evacuation tests in 1996
. The testing protocol for these additional tests was the same as that described in Muir et al, 1989. That is, each subject was assigned to a total of four trials and had to be fit and aged 20-50. In all trials, the seat back strength of the rows adjacent to the exit were strengthened and the door was either removed by a member of the research team or replaced by a pull-down curtain. 

There were two test series; in the first series, two of the 12 trials had to be aborted because of serious blockages. Of the remaining 10 trials, five involved a 6" pathway and five involved a 10" pathway. In the second test series, five of the 12 trials had to be aborted because of serious blockages. Of the remaining seven tests, all had the outboard seat removed and: (1) three tests with a 10" pathway and a 5" encroachment; (2) two tests with a 10" pathway with the midpoint of the exit flush with the backs of the forward row of seats; and (3) two tests with one 10" pathway and one 6" pathway, both leading to a single exit.

The data collected in the second test series was based on too few trials to be significant or useful. The test data from the first series (five 6" trials and five 10" trials) was combined with the data collected in 1989.

Combining the data from the ten 1996 trials with thirty-seven of the 1989 trials changed little to the conclusions that had been drawn by the Cranfield team in 1989: 

· Overall, "the mean evacuation times clearly show that as the vertical projection between the seat rows is increased, the time for 30 participants to evacuate the airframe is [significantly] reduced; this trend is however reversed once the vertical projection is increased to 34 inches"(page 7).

· However, based on a total of 14 tests (nine tests with a 13" pathway reported in 1989 paper and five new tests with a 10" pathway), the mean evacuation time through the 13" pathway was slightly longer than that through the 10" pathway. The difference was not significant (page 7). 

· Even under these ideal test conditions, seven of the total 24 evacuations through 6", 10", or combination pathways leading to a Type III exit had to be aborted because "the blockage at the overwing exit became so severe that the team decided that participants would be injured if the evacuation was allowed to continue" (pages 6 and 8).

· Removing the outboard seat significantly increased the mean evacuation rate, but led to an increased probability of blockages.

Comment on Muir et al, 1996

The conclusion that 10" is equivalent to 13" was based on a total of 14 tests. The difference was not significant, and none of the subjects was older than 50 years. Seven of the total 24 tests conducted in 1996 had to be aborted, even though a pair of trained researchers opened and disposed of the door. Again, hatch removal and disposal were not considered in these additional tests. The researchers at Cranfield Technical Institute who conducted these tests have since reported that there are too few tests and too many abandoned trials with the 10" configuration "to provide any justification for its acceptance"  and that "in fact while an even wider gap can be justified, we believe that the 20" standard is an acceptable compromise" (Cranfield Technical Institute, written submission to the CSHWG meeting, Seattle, WA, April 4-6, 2000).

1996, JAA proposes rule

On 15 October 1996, the JAA published a Notice of Proposed Amendment (NPA) for the seat configuration around a Type III exit on both current (NPA 26-2) and future (NPA 25D-270) aircraft. The proposed standard defined two seating configurations deemed acceptable: (1) a pathway with a minimum width of 10" (maximum of 25") leading to a single exit where the front edge of the seat row shall not project more than 4" past the exit centerline (Attachment 5); and (2) a primary pathway with a minimum width of 10" (maximum of 25") with a maximum centerline offset of 10" and a secondary pathway 6" wide with both outboard seats removed (Attachment 6). With the first configuration, 60% of the 10" pathway would meet the opening. With the second configuration, 50% of the 10" primary pathway would meet the opening. 

Comment on JAA proposed rule

The JAA proposal generated a mixed response from the European industry; for example, a Scandinavian carrier commented that "a 1% reduction in the number of passengers that would die due to reduction of jamming can probably not justify the probable high costs of retroactivity" (JAA Docket, Ref. L 1996-1891-10807); however, a Scandinavian regulatory authority opposed the proposed rules because they had not been harmonized with the FARs (JAA Docket Ref. 33-1201/0025-7); a German manufacturer proposed that the amendment should only apply to future aircraft designs, and should first be harmonized with the FARs. That same manufacturer asserted that "the disadvantage of a higher evacuation rate will be an increased rush of people to the exits [and that] it could be happened [sic] that in such a case, the flight attendant is pushed from the aircraft by the rush of passengers [and] the outcoming [sic] evacuation may become disorganized and less efficient."  A German carrier proposed that the amendment should be harmonized with the FAR, citing the 20" rule. 

A survivors organization commented that "the JAA proposal for a 10" minimum width access to the overwing exit is not only unsatisfactory as a safety measure regarding its potential in an emergency situation, but is also alarming as to why it has opted for a standard lower than previous proposals issued by the UK CAA and FAA." Labor unions also demonstrated their overwhelming opposition to the proposed amendments, calling the text "entirely insufficient" and questioning its justification.  

Years of evacuation research conducted in the UK and the US clearly demonstrate that a 10" pathway to a Type III exit provides inadequate space for passengers to evacuate. Rasmussen and Chittum, 1989 observed that subjects were able to both open/remove the hatch and evacuate more quickly through a 20" pathway than a 10" pathway. Although this difference was not significant, the authors also noted that with the 6" and 10" configurations, there were "more instances" of hatch placement that "can adversely affect the egress rate" compared to the 20" configuration.

Muir et al, 1989 concluded that 18" "appears to be optimum", and that not only did the 6"/OSR configuration "have a tendency to give rise to blockages, [but] the opening and disposing of the exit was found to more difficult in this configuration" (page 22).

McLean et al, 1992 found that, of the single pathway configurations tested, the "configuration in which the pathway width was reduced to 10" provided the longest egress time, even though the seats forward of the exit were broken forward 15 degrees past plumb" (page 5). McLean et al, 1995 also concluded that even for subjects who did not have to contend with opening the hatch and who had considerable experience in evacuating from an aircraft, "reducing the pathway width also led to increased evacuation times, as did increasing seat encroachment distance to the maximum allowable" (Part I, page 13). Further, "decreasing pathway width and increasing seat encroachment distance both functioned to reduce the available workspace at the exit proper, and this effect challenged subject's agility and produced an increase in the effort they had to expend to egress" (page 8 of Final Report - Part I, July 1995). 

Finally, Muir et al, 1996 concluded that a 10" pathway permits a mean evacuation time roughly equivalent to that with a 13" pathway; however, this conclusion was based on the results of only 14 trials. Cranfield researchers report that a typical hatch is approximately 8" wide (including the standard curvature) and that this 8" "must be added to the gap acceptable without the hatch present" given that "at best, the hatch will be dropped on the floor immediately in front of the person opening it" (Cranfield Technical Institute, written submission to CSHWG meeting, Seattle, WA, April 4-6, 2000). A 8" hatch could block 80% of a 10"pathway and would require passengers to climb over the hatch. It is the opinion of the ITF that this would slow evacuation and if passengers or crew tripped over the hatch, they would risk getting trampled.

General remark regarding these evacuation trials

For safety and insurance reasons, all of these evacuation simulations required that the subjects be fit and healthy. Age aside, such subjects do not necessarily represent the flying public. For example, according to the World Health Organization (WHO), obesity is on the increase among men and women in more than 30 (mainly European) populations (Press Release, WHO/10, 28 February 2000), and more than half of American adults are overweight (NCHS, National Health Interview Survey, 1997). In industrialized countries worldwide, 42% of men and a markedly increased 24% of women smoke cigarettes (WHO Fact Sheet 222, April 1999), as do one in four of every American aged 18 or older (NCHS, 1995). According to the WHO, the number of asthmatics around the world is growing by 50% every decade. The UK is among the countries worst affected by asthma at an estimated annual cost of $1.8 billion each year, and approximately 17 million Americans have asthma (MMWR, 47(47);1022-1025, 1998). Given these statistics, and given that the test conditions are considerably more "ideal" than real-life evacuations, "it must be recognised that in an accident, the evacuation times are likely to be considerably longer and the problems greater than in this reported programme of simulated evacuations" (Muir et al, 1989).

Summary and conclusion

Rasmussen and Chittum, 1989 observed that mean hatch removal/evacuation time is fastest and obstructions least likely with a 20" pathway compared to the other configurations tested. In virtual agreement, Muir et al, 1989 concluded that an 18" pathway "would appear to be optimum" under both competitive and non-competitive evacuation conditions. McLean et al, 1992 concluded that for the single-exit trials, a 20" pathway with a 5" encroachment "was the most effective configurations of those tested". In 1992, the FAA published a rule that deemed the 20" configuration with the 5" offset to be one of two acceptable seating configurations for an exit row with three seats. 

Meanwhile, Muir et al researched the effect of seating configuration on evacuation time when the cabin is filled with smoke under both non-competitive (1990) and competitive (1992) conditions. The authors concluded that smoke (1990) and competition (1992) slow evacuation time. Under smoky conditions, there was not a significant difference between the mean evacuation times through 13" and 18" pathways. 

The behavior associated with hatch removal can not be overstated. Fennel and Muir, 1993 observed that 53% of subjects disposed of the hatch inside the aircraft when sitting in a 13" exit row, despite being told to dispose of the hatch outside the aircraft. Also, one in five subjects reported that they had expected the hatch to be hinged, despite the picture on the safety card that showed a person removing the hatch and disposing of it.  

In 1995, McLean et al. reported that mean time it takes for test subjects to evacuate through 13" and 20" pathways respectively, are not significantly different; however, subjects were separated according to age and the tests did not measure the behavior of naïve (or nearly naïve) subjects, and did not consider hatch removal time or hatch removal behavior cited in 1989 and 1992 CAMI reports. Finally, in 1996, Muir et al. concluded that 10" and 13" pathways are equivalent; however, this conclusion was based on only five evacuation trials with the a 10" pathway and nine trials with a 13" pathway with young subjects. Since then, the Cranfield researchers have stated that there were too few trials in 1996 on which to draw any conclusions, and that the pathway that leads to an overwing exit must be at least 20" wide (Cranfield Technical Institute, written submission to CSHWG meeting, Seattle, WA, April 4-6, 2000).  

In closing, our review of this research demonstrates that: 

(1) a 20" pathway will permit the fastest hatch removal and mean evacuation times, and thereby maximize the number of passengers and crewmembers who survive; 

(2) both the proposal within the JAA for a 10" pathway and the proposal within the FAA for a 13" pathway are based on trials that do not take hatch opening and disposition into account, and which are too narrow for broad regulatory application in the operating environment.
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