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EXECUTIVE SUMMARY

The objective of this study was to assess the number of serious injuries and fatalities that
might have been avoided from the use of 16-g dynamic seats during the period of 1984 to
1998 for survivable accidents involving transport category aircraft operating under 14
CFR Part 121.

The International Cabin Safety Research Technical Group’s Survivable Accidents
Database was used to identify relevant accidents and provide detailed information.

The analytical methods employed are intended to provide as accurate an assessment as is
possible with the available data, using the mathematical tools currently in existence.
However, there will still remain an element of uncertainty associated with assessments of
this kind, and this should be borne in mind when making decisions concerning aircraft
safety that are predicated on the results of this analysis. The available data on which the
assessment is based limit the accuracy of the predictions.

Twenty-five impact related accidents involving aircraft operating to 14 CFR Part 121, or
equivalent, were identified during the period from 1984 to 1998 that may have had seat
related fatal or serious injuries.  Each of these accidents was analyzed in detail and a
mathematical technique was used to model each accident scenario. Monte Carlo
simulations were used to assess a high, median, and low value for the total achievable
benefits over the period 1984 to 1998 to U.S. registered aircraft operating under 14 CFR
Part 121.

Two methodologies were used.  The first was based on worldwide accident data for
aircraft operating under 14 CFR Part 121 or equivalent.  This analysis results in the
following prediction of benefit:

• Reduction in Fatalities = 51 with a 95 percentile range from 33 to 68

• Reduction in Serious Injuries = 54 with a 95 percentile range from 28 to 79

The second analysis was carried out on the accident data pertaining to U.S. aircraft
operating under 14 CFR Part 121 only.  The analysis of this smaller data set has resulted
in the following prediction of lives to be saved:

• Reduction in Fatalities = 23 with a 95 percentile range from 12 to 40

• Reduction in Serious Injuries = 18 with a 95 percentile range from -1 to 32

A negative value for the reduction in serious injuries is associated with situations where
the number of fatal injuries reduced to serious injuries is higher than the number of
serious injuries reduced to minor or no injuries.  The net outcome is an increase in serious
injuries.
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Account has been taken of the reduction in fire threat afforded to the impact survivors by
the improved fireworthiness of cabin interiors compliant with the standards defined in
14 CFR Part 25 at amendment 72.

The fire threat is often severe in accidents where 16-g seats are likely to reduce the
number of impact injuries and fatalities.  This is a significant factor in terms of the
ultimate benefit attained even when the recent improvements in the fireworthiness of
aircraft cabins is taken into account.

Due to the extensive disruption to the floor during the impact sequence, a number of
accidents analyzed would not have any potential for lives being saved with the
introduction of 16-g seats.

The current database has very few accidents with 100% fatalities. It is unlikely that there
are many lives to be saved from the introduction of 16-g seats in accidents of this
severity.  However, it is feasible that the benefit assessment might increase slightly if
accidents of this type were studied.
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1. INTRODUCTION

This report has been prepared on behalf of the U.S. Federal Aviation Administration
(FAA).  It contains the method and results of a benefit analysis on 16-g dynamic seats
intended to improve crashworthiness for aircraft type certificated with 30 or more
passenger seats operating to 14 CFR Part 121.  A number of past impact-related accidents
have been identified which are considered to have involved injuries to occupants that may
have been ameliorated had fully compliant 16-g dynamic seats been fitted.

For each of the accidents identified, the assessed benefit in terms of the potential
reduction in number of fatalities and injuries was derived assuming improvements
resulting from the use of 16-g dynamic seats.  The assessment was carried out such that it
reflects the benefit likely to accrue to aircraft compliant with the latest standard of cabin
fireworthiness as prescribed in 14 CFR Part 25 at amendment 72.

The methodology used is aimed at providing an indication as to the order of benefit likely
to be achieved.  Certain assumptions have been made in the analysis of data. The more
significant of these are described in paragraph 5.1.

Any analysis of this kind must involve a degree of subjective judgement and relies on the
accuracy of the data available.  The analytical methods employed are intended to provide
as accurate an assessment as is possible with the available data, using the mathematical
tools currently in existence.  However, there will still remain an element of uncertainty
associated with assessments of this kind, and this should be borne in mind when making
decisions concerning aircraft safety that are predicated on the results of this analysis.

Section 9 of this report contains the definition of terms used in this study.

2. OBJECTIVES

The objective of this study was to assess the number of serious injuries and fatalities that
might be avoided by the use of 16-g dynamic seats based on a study of past accidents
occurring over the period 1984 to 1998.

3. SELECTION OF ACCIDENTS

Accidents involving fatalities or serious injuries were selected from the Survivable
Accidents Database of the International Cabin Safety Research Technical Group.  This
database contains details of accidents to the world fleet of passenger carrying aircraft.

The current standard of the database contains information on 393 impact-related accidents
over the period 1984 to 1998 inclusive.  Of these, 60 accidents have detailed textual
information and 43 involve injury, fatal or serious, to occupants.  A preliminary study of
these accidents showed that five were not in any way associated with occupant injuries
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that could have been ameliorated by seat design.  Of the remaining 38, 25 involved
14 CFR Part 121 or equivalent aircraft.  These accidents are shown in table 1.

TABLE 1.  LIST OF ACCIDENTS IDENTIFIED AS HAVING POTENTIAL FOR
BENEFIT FROM 16-g SEATS

Date Location Aircraft TCA Operation

20-Dec-95 Buga, Nr. Cali, Colombia B757-223 Part 121

02-Jul-94 Charlotte Airport, Charlotte, North Carolina DC9-31 Part 121

26-Apr-94 Nagoya/Komaki Airport, Nagoya, Japan A300B4-622R {Part 121}

21-Mar-94 Vigo Airport, Spain DC9-32 {Part 121}

14-Sep-93 Warsaw, Poland A320-211 {Part 121}

06-Apr-93 Nr. Shemya, Alaska, U.S.A. MD11 {Part 121}

21-Dec-92 Faro, Portugal DC10-30CF {Part 121}

22-Mar-92 La Guardia, New York, U.S.A. F28-4000 a Part 121

20-Jan-92 Nr Strasbourg, France A320-100 {Part 121}

01-Feb-91 Los Angeles, California, U.S.A. B737-300 Part 121

03-Dec-90 Romulus, Detroit, U.S.A. DC9-14 Part 121

14-Feb-90 Bangalore, India A320-231 {Part 121}

25-Jan-90 Cove Neck, Long Island, New York, U.S.A. B707-321B {Part 121}

20-Sep-89 La Guardia, New York, U.S.A. B737-400 Part 121

19-Jul-89 Sioux City, Iowa, U.S.A. DC10-10 Part 121

10-Mar-89 Dryden, Ontario, Canada F28 Mk1000 {Part 121}

08-Jan-89 Kegworth, East Midlands Airport, U.K. B737-400 {Part 121}

31-Aug-88 Hong Kong TRIDENT 2E {Part 121}

31-Aug-88 Dallas Fort Worth, Texas, U.S.A. B727-232 Part 121

26-Jun-88 Habsheim A320-100 {Part 121}

15-Apr-88 Seattle-Tacoma Intl. Airport, Seattle,
Washington, U.S.A.

DHC8-102 Part 121

15-Nov-87 Denver, Colorado, U.S.A. DC9-14 Part 121

16-Aug-87 Detroit, Michigan, USA DC9-82 Part 121

02-Aug-85 Dallas Fort Worth, Texas, U.S.A. L1011-385-1 Part 121

21-Jan-85 Reno, Nevada, U.S.A. L188C Part 121

Note:  {Part 121} means non-US registered aircraft operating to the equivalent of 14 CFR Part 121.
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The list shown in table 2 shows the total number of fatalities and serious injuries to
occupants resulting from the accidents selected for study.

TABLE 2.  LIST OF ACCIDENTS IDENTIFIED AS HAVING POTENTIAL FOR
BENEFIT FROM 16-g SEATS SHOWING THE NUMBER OF FATAL AND

 SERIOUS INJURIES

Date Location Aircraft
Total No. of

Fatalities
Total No. of

Serious Injuries

20-Dec-95 Buga B757 159 4

02-Jul-94 Charlotte DC9-31 37 16

26-Apr-94 Nagoya A300B4 264 7

21-Mar-94 Vigo DC9-32 0 2

14-Sep-93 Warsaw A320 2 47

06-Apr-93 Shemya MD11 2 60

21-Dec-92 Faro DC10 56 Unknown

22-Mar-92 La Guardia F28-4000 27 9

20-Jan-92 Strasbourg A320 87 5

01-Feb-91 Los Angeles B737 22 13

03-Dec-90 Romulus DC9-14 8 10

14-Feb-90 Bangalore A320 92 22

25-Jan-90 Cove Neck B707 73 81

20-Sep-89 La Guardia B737 2 3

19-Jul-89 Sioux City DC10-10 111 47

10-Mar-89 Dryden F28 24 18

08-Jan-89 Kegworth B737 47 74

31-Aug-88 Hong Kong TRIDENT 7 4

31-Aug-88 Dallas B727-232 14 26

26-Jun-88 Habsheim A320-100 3 30

15-Apr-88 Seattle DHC8 0 4

15-Nov-87 Denver DC9-14 28 28

16-Aug-87 Detroit DC9-82 154 1

02-Aug-85 Dallas L1011 134 15

21-Jan-85 Reno L188C 70 1

These accidents were then subjected to the benefit analysis methodology described in
section 4.
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4. METHOD

4.1 ACCIDENT SCENARIOS

The severity of hazard in an accident can vary markedly throughout the aircraft.
Experience has shown that considering occupant injuries on a whole aircraft basis can be
misleading when assessing the effects of survivability factors. It is therefore necessary to
divide the aircraft into scenarios.

A scenario is defined as:

“That volume of the aircraft in which the occupants are subjected to a similar level of
threat.”

A similar level of threat need not necessarily result in the same level of injury to
occupants.  The extent of injury sustained can vary with numerous factors including age,
sex, adoption of the brace position, etc.  Furthermore, the threat to occupants can vary
over relatively small distances.  For example, a passenger may receive fatal injuries
because of being impacted by flying debris, and a person in an adjacent seat may survive
uninjured.  Dividing accidents into scenarios provides a more meaningful basis on which
to analyse accidents than considering the whole aircraft due to the marked variation in
survival potential with occupant location.

The flight deck and flight attendant areas are generally considered as separate scenarios.
The flight crewmembers usually have full harness restraints, and sliding cockpit windows
in the area provide a nearby method of egress.  The flight attendant areas are also
normally considered as a separate scenario from the passenger cabin due to the significant
differences in seating, restraint systems, and exit availability.

For these reasons, where sufficient data are available the analytical work is based on
assessments carried out for each accident scenario.

4.2 SURVIVABILITY CHAINS

A mathematical model, known as a Survivability Chain (see figure 1) has been
developed, by RGW Cherry & Associates Ltd. It enables an assessment to be made of the
overall effect on survivability, from improvements made to survivability factors, taking
into account injuries that may be sustained by occupants.  In this case, the survivability
factor is 16-g dynamic seats.

Where sufficient data are available, each accident is divided into scenarios and a
Survivability Chain constructed.

The following is an example of the model and the effects of improvement in injuries and
fatalities resulting from changes to survivability factors.
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FIGURE 1.  EXAMPLE OF SURVIVABILITY CHAIN FOR AN ACCIDENT
SCENARIO

In this example, of the 100 occupants in the scenario there are:

• 45 uninjured survivors.

• 25 serious injuries, 10 as a result of the impact, 10 as a result of the fire, and 5
seriously injured as a result of the impact and fire.

• 30 fatalities, 20 as a result of the impact, and 10 as a result of the fire (5 of whom
sustained nonfatal injuries from the impact).

If improvements are made to an impact-related survivability factor, such that there are
only 12 fatalities and 16 seriously injured of the 100 occupants, the Survivability Chain
then becomes:

FIGURE 2.  EXAMPLE OF SURVIVABILITY CHAIN SHOWING POSSIBLE
IMPROVEMENTS IN IMPACT-RELATED SURVIVABILITY FACTOR

IMPACT

100 Occupants

72 Impact
Survivors

16 Serious
Impact
Injuries

12 Fatalities

FIRE

Survivors With
Minor or No

Injuries
Serious

Fire Injuries

Fire
Fatalities

FIRE

Serious Impact
Injuries

Serious Impact/Fire
Injuries

Impact/Fire
Fatalities

IMPACT

FIRE

100 Occupants

FIRE

45 Survivors
With Minor or

No injuries

10 Serious
Fire Injuries

60 Impact
Survivors

20 Serious
Impact
Injuries 20 Fatalities

5 Fire
Fatalities

10 Serious
Impact Injuries

5 Serious Impact/Fire
Injuries

5 Impact/Fire
Fatalities
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It is known from the accident that 5/60ths of those that survive the impact uninjured and
5/20ths of those that sustain injuries from the impact subsequently died because of the
fire.  Furthermore, 10/60ths of those that survive the impact are seriously injured due to
fire and 5/20ths of those that sustain serious injuries from the impact also sustain serious
injuries because of the fire.  It is assumed that these ratios are constant for this
particular scenario.

On this basis an assessment of the numbers of fatalities and injuries may be made as
follows:

FIGURE 3.  EXAMPLE OF SURVIVABILITY CHAIN SHOWING THE OVERALL
IMPROVEMENTS IN SURVIVABILITY

Hence, the improvement to the impact related survivability factor results in:

• 54 survivors

• 24 serious injuries, 8 as a result of the impact, 12 as a result of the fire, and 4
seriously injured as a result of the impact and fire

• 22 fatalities, 12 because of the impact and 10 because of the fire (4 of whom
sustained nonfatal injuries from the impact).

IMPACT

FIRE FIRE

[(5/20) x 16 = 4]

4 Serious Impact/Fire
Injuries

100 Occupants

[(10/60) x 72 = 12]

[(5/60) x 72 = 6] [(5/20) x 16 = 4]

54 Survivors
With Minor or

No Injuries

12 Serious
Fire Injuries

72 Impact
Survivors

16 Serious
Impact
Injuries 12 Fatalities

6 Fire
Fatalities

8 Serious Impact
Injuries

4 Impact/Fire
Fatalities
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It should be noted that the survivability factor improvement resulted in a reduction in
impact fatalities of 8 and impact injuries of 4.  However, the overall situation is as
follows:

Survivors Serious Injuries Fatalities

Prior to survivability factor
improvement:

45 25 30

Post survivability factor
improvement:

54 24 22

4.3 STATISTICAL MODELLING

A software package was developed to use the Survivability Chain model in a
mathematical representation of an accident using Monte Carlo simulations.  This enables
an assessment to be made of the change in numbers of survivors, injuries, and fatalities
resulting from predictions of the range of improvements that may be possible from
changes to a survivability factor.  This simulation process is described in detail in
appendix B.

For each scenario, a numerical assessment is made of the impact on number of fatalities
and injuries because of changes resulting from the introduction of 16-g seats.  The
assessment results in a prediction of the highest, mean, and lowest number of fatalities
and injuries that could reasonably be expected from the change.

From the example described in section 4.2, the best (or median) assessment was that
improvements to the survivability factor relating to impact deaths resulted in an
improvement in the number of fatalities from 20 to 12.  Similarly, the impact injuries
reduced from 20 to 16.  When making this determination, an assessment would also be
made of the maximum and minimum number of fatalities and injuries that are likely to
result from the introduction of 16-g seats.

It is then assumed that there can be 100% confidence that the fatalities and injuries will
lie in the range from the maximum to the minimum.  The 50-percentile point of the
confidence level distribution corresponds to the best or median assessment.

The accidents analyzed involved aircraft with varying standards of fireworthiness.  To
determine the benefit likely to be accrued by aircraft compliant with today’s standards, an
allowance was made for a reduction in fire fatalities and injuries that might result from
the improved fire characteristics of cabin materials compliant with the standards
introduced by 14 CFR Part 25 amendments 61 and 72.

From this a re-evaluation of the resultant number of survivors, serious injuries, and
fatalities may be made using the Survivability Chain generated for the accident scenario.
This is then compared with the actual outcome of the accident scenario and the
improvement in the number of fatalities and serious injuries derived.  The software
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makes 9999 iterations of random selections over the range 0 to 100% to generate a
distribution of the degree of improvement.  From this distribution, the 2½-, 50-, and 97½-
percentile values are selected to represent the best assessment of the improvement and its
likely range.

Whilst it is recognised that the models are not perfect representations of an accident nor
are the statistical assessments totally accurate, they will provide a better assessment of the
likely effects of improvements to survivability factors than would otherwise be derived
from a simple estimate of the resultant change in number of survivors.

5. ANALYSIS AND RESULTS

5.1 ASSUMPTIONS

The following assumptions were made:

a. The 16-g seats are designed to survive a deceleration force of 16 g’s in the
longitudinal direction and limit the floor track loads to 9 g’s.

b. If seat standards were not specifically stated in the accident report, they were
normally considered not to be 16-g seats.

c. No disbenefit from the introduction of 16-g seats has been considered. For
example, 16-g seats might reduce the evacuation capability of occupants due to
seat backs not breaking over.

d. Where data were insufficient to make a more accurate prediction, the median
assessment was taken as being mid-way between the maximum number of lives to
be saved from the introduction of 16-g seats and the assessed minimum.

5.2 RESULTS

5.2.1 ASSESSED BENEFIT FROM ACCIDENTS STUDIED (14 CFR PART 121 OR EQUIVALENT)

Table 3 presents the high, median (best estimate), and low predictions of the effect of
16-g seats on the total number of fatalities and injuries.  The predictions are based on
9999 iterations across the 25 accidents identified for analysis; table 4 lists the assessed
median benefit for the 25 accidents analyzed.

TABLE 3.  SUMMARY OF ASSESSED REDUCTION IN NUMBER OF FATALITIES
AND SERIOUS INJURIES FOR THE 25 ACCIDENTS ANALYZED OPERATING

UNDER 14 CFR PART 121 OR EQUIVALENT
����������������������������
����������������������������
����������������������������LOW����������������������������

��������������������������������
��������������������������������
��������������������������������MEDIAN��������������������������������

������������������������������
������������������������������
������������������������������HIGH������������������������������

REDUCTION IN FATALITIES 41 62 83

REDUCTION IN SERIOUS INJURIES 34 66 97

Note: Assessed benefit rounded to whole number of lives.
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TABLE 4.  ASSESSED MEDIAN BENEFIT FOR THE 25 ACCIDENTS ANALYZED

Benefit

Date Location Aircraft
TCA

Operation

Total No.
of

Fatalities

Total
No. of

Serious
Injuries

Lives
Saved

Injuries
Saved

20-Dec-95 Buga, Cali B757 Part 121 159 4 0 0

02-Jul-94 Charlotte DC9-31 Part 121 37 16 3 0

26-Apr-94 Nagoya A300B4 {Part 121} 264 7 0 0

21-Mar-94 Vigo DC9-32 {Part 121} 0 2 0 0

14-Sep-93 Warsaw A320 {Part 121} 2 47 0 4

06-Apr-93 Shemya MD11 {Part 121} 2 60 0 25

21-Dec-92 Faro DC10 {Part 121} 56 U/K 3 6

22-Mar-92 La Guardia F28-4000 Part 121 27 9 4 5

20-Jan-92 Strasbourg A320 {Part 121} 87 5 7 -5

01-Feb-91 Los Angeles B737 Part 121 22 13 0 0

03-Dec-90 Romulus DC9-14 Part 121 8 10 0 0

14-Feb-90 Bangalore A320 {Part 121} 92 22 9 -5

25-Jan-90 Cove Neck B707 {Part 121} 73 81 23 21

20-Sep-89 La Guardia B737 Part 121 2 3 0 0

19-Jul-89 Sioux City DC10-10 Part 121 111 47 3 1

10-Mar-89 Dryden F28 {Part 121} 24 18 0 5

08-Jan-89 Kegworth B737 {Part 121} 47 74 5 0

31-Aug-88 Hong Kong TRIDENT {Part 121} 7 4 0 0

31-Aug-88 Dallas B727-232 Part 121 14 26 0 0

26-Jun-88 Habsheim A320-100 {Part 121} 3 30 0 0

15-Apr-88 Seattle DHC8 Part 121 0 4 0 2

15-Nov-87 Denver. DC9-14 Part 121 28 28 4 5

16-Aug-87 Detroit DC9-82 Part 121 154 1 0 0

02-Aug-85 Dallas L1011 Part 121 134 15 0 2

21-Jan-85 Reno L188C Part 121 70 1 1 0

Note: {Part 121} means non-US registered aircraft operating to the equivalent of 14 CFR Part 121.
A negative value for serious injuries is associated with situations where the number of fatal
injuries reduced to serious injuries is higher than the number of serious injuries reduced to
minor or no injuries.  The net outcome is an increase in serious injuries.

5.2.2 ASSESSMENT OF BENEFIT FOR THE WORLD FLEET

Twenty-five accidents were identified as matching the selection criteria in section 3 and
were used for the benefit analysis.
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It is considered likely that there are other accidents where seat-related injuries occurred,
but because there are little or no data available, they cannot be analyzed.  If other
accidents have occurred then the derived benefit would increase proportionately.

It is assumed that the accidents available for analysis are representative of all impact-
related accidents.  In order to assess the likely benefit for the world fleet it is necessary to
know the proportion that the accidents analyzed represent of all those that could have
involved seat-related injuries.  Ideally, all impact-related accidents involving injury would
be used to derive this proportion.  However since it is possible that a significant number
of accidents involving only serious injury have not been widely reported, and hence do
not appear in the database, the assessment was based on impact-related fatal accidents
only.

There are 226 impact-related accidents with fatalities in the Accident Database for the
period of 1984 to 1998.  Of these, 145 were considered Part 121 or equivalent and 27 of
them have detailed textual information.

If the accidents not having available accident data have a similar benefit potential to those
that do, then it is likely that the levels actually realised will be 145/27 or approximately
5.37 times those contained in table 3.  (It should be noted that the 25 accidents analyzed
in this report involved seat-related injuries, whilst the 27 accidents are all impact-related
fatal accidents having textual information with or without seat-related injuries.)

Therefore, applying this factor to the benefit derived from the accidents studied results in
the assessed median lives saved as shown in table 5.

TABLE 5.  SUMMARY OF ASSESSED REDUCTION IN NUMBER OF FATALITIES
AND SERIOUS INJURIES FOR THE WORLD FLEET OVER THE

PERIOD 1984 TO 1998 INCLUSIVE

LOW MEDIAN HIGH

REDUCTION IN FATALITIES 220 333 446

REDUCTION IN SERIOUS INJURIES 183 354 521

Note:  Assessed benefit rounded to whole number of lives.

5.2.3 BENEFIT TO U.S. 14 CFR PART 121 AIRCRAFT

Two methods were used to estimate the benefit of 16-g seats applicable to U.S. 14 CFR
Part 121 N-registered aircraft.

The first method used the predicted reduction in fatalities and injuries assessed for the
world fleet factored by the proportion of accidents occurring to U.S. Part 121 aircraft
over the period 1984 to 1998.
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The second method employed was to derive the benefit directly from the Part 121 N-
registered aircraft analyzed.

5.2.3.1 Benefit Based on the Assessment for the World Fleet

Of the 145 14 CFR Part 121 or equivalent impact-related fatal accidents in the database
for the world fleet, only 22 accidents (15.2%) involved U.S. Part 121 N-registered
aircraft.  It is assumed that the U.S. fleet and the world fleet of Part 121, or equivalent,
aircraft are compatible in terms of seat related injuries.  On this basis, the benefit to the
U.S. fleet may be derived from the proportion of impact-related fatal accidents
occurring to N-registered aircraft.

Applying a factor of 0.152 (22/145) to the benefit derived from the accidents studied in
table 5 results in the assessed median lives saved as shown in table 6.  Impact related
fatal accidents were used to derive this proportion for the reasons given in section 5.2.2.

TABLE 6.  SUMMARY OF ASSESSED REDUCTION IN NUMBER OF FATALITIES
AND SERIOUS INJURIES FOR U.S. 14 CFR PART 121 N-REGISTERED AIRCRAFT

USING DATA FROM THE WORLD FLEET

LOW MEDIAN HIGH

REDUCTION IN FATALITIES 33 51 68

REDUCTION IN SERIOUS INJURIES 28 54 79

Note:  Assessed benefit rounded to whole number of lives.

5.2.3.2 Benefit Based on U.S. 14 CFR Part 121 Accidents Studied

Thirteen of the U.S. 14 CFR Part 121 N-registered aircraft were been analyzed (see
table 4).  The Monte Carlo simulation programme was used to assess the reduction in
the number of fatalities and injuries.

Table 7 presents the high, median (best estimate), and low predictions of the reduction
in the total number of fatalities and injuries across the thirteen accidents that are U.S.
Part 121 aircraft over the period 1984 to 1998.

TABLE 7.  SUMMARY OF ASSESSED REDUCTION IN NUMBER OF FATALITIES
AND SERIOUS INJURIES FOR U.S. 14 CFR PART 121 N-REGISTERED AIRCRAFT

BASED SOLELY ON THE ACCIDENTS ANALYZED
������������������������������
������������������������������LOW
������������������������������

�������������������������������
�������������������������������MEDIAN
�������������������������������

����������������������������
����������������������������HIGH
����������������������������

REDUCTION IN FATALITIES 8 16 27

REDUCTION IN SERIOUS INJURIES -1 12 22

Notes: 1.  Assessed benefit rounded to whole number of lives.
2.  A negative value for serious injuries is associated with situations where the number of fatal

injuries reduced to serious injuries is higher than the number of serious injuries reduced to
minor or no injuries.  The net outcome is an increase in serious injuries.
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There are 22 Part 121 N-registered aircraft impact-related accidents in the database of
which only 15 accidents (15/22 = 68.2%) have detailed textual information.

If the accidents not having available accident data have a similar benefit potential to
those that do, then it is likely that the levels actually realised will be approximately 1.47
times (1/0.682) those contained in table 7.

Applying this factor to the benefit derived from the accidents studied results in the
assessed median lives saved as shown in table 8.

TABLE 8.  SUMMARY OF ASSESSED REDUCTION IN NUMBER OF FATALITIES
AND SERIOUS INJURIES FOR U.S. 14 CFR PART 121 N-REGISTERED AIRCRAFT

OVER THE PERIOD 1984 TO 1998 INCLUSIVE

LOW MEDIAN HIGH

REDUCTION IN FATALITIES 12 23 40

REDUCTION IN SERIOUS INJURIES -1 18 32

Notes: 1.  Assessed benefit rounded to whole number of lives.
2. A negative value for serious injuries is associated with situations where the number of fatal

injuries reduced to serious injuries is higher than the number of serious injuries reduced to
minor or no injuries.  The net outcome is an increase in serious injuries.

6. DISCUSSION

6.1 ACCURACY OF PREDICTIONS

The analytical methods employed are intended to provide as accurate an assessment as is
possible with the available data using the mathematical tools currently in existence.
However, there will still remain an element of uncertainty associated with assessments of
this kind, and this should be borne in mind when making decisions concerning aircraft
safety that are predicated on the results of this analysis.  Any analysis of this kind must
involve a degree of subjective judgement and relies on the accuracy of the data available.

6.1.1 ASSUMPTIONS

The methodology used is aimed at providing an indication as to the order of benefit likely
to be achieved.  Certain assumptions have been made in the analysis of data and the more
significant ones are described in paragraph 5.1.

6.1.2 SAMPLE SIZE

There are thirteen U.S. Part 121 N-registered aircraft accidents that were analyzed in this
study.  However, only seven accidents were assessed to have potential benefit, in terms of
reduction in the number of fatal and serious injuries, if 16-g seats were introduced.
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The range of benefit indicated in the Results section of this report is representative of an
error band in the assessment for the accidents that were studied.  However, it does not
give any indication of the likely error resulting from the analysis being based on small
samples.

The benefit assessment based on the World Fleet is likely to result in a more accurate
prediction since it is based on a larger sample size.

6.2 FACTORS INFLUENCING THE PREDICTION

6.2.1 IMPACT AND FIRE INTENSITY

6.2.2 IMPACT INTENSITY

From a previous study [1], it was suggested that the proportion of fatal and serious
injuries in an accident scenario was of a form similar to that shown in figure 4.  It is
evident that there will not be any benefit from the introduction of 16-g seats when the
impact intensity is beyond their level of resilience.  Furthermore, at impact intensities
below those sustainable by 9-g seats, there would be little benefit beyond that afforded by
improvements to seat design associated with the enhanced Head Injury Criteria.

FIGURE 4.  POTENTIAL LIVES SAVING WITH 16-g SEATS

This limits the number of ground impact related accidents that would benefit from the
introduction of 16-g seats.

It might be expected that the higher the impact intensity the greater the probability of an
intense fire.  Since the accidents that would benefit from the introduction of 16-g seats are
at higher levels of impact intensity, it is hence more likely that there will also be an
intense fire.

FATALITIES
& SERIOUS
INJURIES

IMACT INTENSITY

Potential benefit band
with 16-g seats

Limited or no benefit
from 16-g seats
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This secondary threat to survival is extremely significant in the determination of lives to
be saved.  If passenger impact injuries are prevented with 16-g seats and there is an
intense fire threat, then the occupants are likely to perish even if they survive the impact
uninjured.  If the fire threat could be reduced, then the enhanced impact protection
afforded by 16-g seats may allow the occupants to evacuate the fire-threatened area.

For the Bangalore accident sixteen lives might have been saved from the introduction of
16-g seats except that seven of those saved from the impact are likely to have perished as
a result of the fire.  Therefore, the assessed net savings is nine lives.  These assessments
are derived from the mathematical and statistical models described in section 4 of the
report.  The basis for the input data to the model is contained in the appendix for each
accident.  It was also assessed that 23 fatalities could have been saved in the Cove Neck
accident if 16-g seats were installed on the aircraft.  A significant factor in this relatively
large number is that this accident did not result in an intense fire.

The benefit assessment was based on aircraft compliant with the latest standard of cabin
fireworthiness as defined in 14 CFR Part 25 at amendment 72.  As fire standards for
transport category aircraft are further improved, the potential for increasing the life-
saving capability of 16-g seats due to the occupants’ reduced exposure to the secondary
fire hazard will also be improved.

6.2.3 SIGNIFICANCE OF FLOOR DISTORTION

Due to the extensive disruption to the floor during the impact sequence, a number of
accidents analyzed would not have any potential for lives being saved with the
introduction of 16-g seats.  In some instances, seat detachment is likely to have occurred
due to a large degree of floor distortion that would not have been ameliorated by the
degree of floor distortion reflected in TSO-C127a, “Rotorcraft, Transport Airplane, and
Normal and Utility Airplane Seating Systems,” which prescribes the minimum
performance standards that the aircraft seating systems must meet.  This involves testing
the seats to withstand a degree of simulated floor distortion.

6.2.4 ACCIDENT DATABASE

The current database has very few accidents with 100% fatalities.  It is unlikely that there
are many lives to be saved from the introduction of 16-g seats in accidents of this
severity.  However, it is feasible that the benefit assessment might increase slightly if
accidents of this type were studied.

6.3 PREDICTION FOR U.S. 14 CFR PART 121 AIRCRAFT

Two methods were used to predict the number of lives saved from the introduction of
16-g seats on U.S. aircraft operating under 14 CFR Part 121.  As can be seen in tables 6
and 8, the assessed median number of lives that could be saved derived from these two
methods was 51 and 23 lives.
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6.3.1 BENEFIT BASED ON THE ASSESSMENT FOR THE WORLD FLEET

The intention of carrying out the assessment for the U.S. fleet based on the world fleet of
aircraft operating to 14 CFR Part 121, or equivalent, was to improve the accuracy of the
prediction by increasing the sample size.  This assessment involved factoring the world
fleet prediction of benefit by the ratio of all impact-related fatal accidents occurring to
aircraft operating to 14 CFR Part 121 or equivalent to those that were N-registered.  This
method would take into account the lower accident rate experienced in the U.S., but
would not take account of any difference in the occupant protection standards that might
exist between the two groups of aircraft.  However, for the type of accident being
analyzed in this study it is considered unlikely that the differences that might exist in
occupant protection standards would have a small effect on the benefit prediction.

The benefit, in terms of lives saved, was assessed to be in the range of 33 to 68 with a
median of 51 for the fifteen years of accidents studied.  The reduction in serious injuries
was assessed to be in the range of 28 to 79 with a median of 54.

6.3.2 BENEFIT BASED ON U.S. 14 CFR PART 121 ACCIDENTS STUDIED

This assessment was made based solely on the U.S. aircraft operating under 14 CFR Part
121 for which adequate data are available to make any assessments of the benefit to be
derived from the introduction of 16-g seats.

Of the 22 N-registered aircraft operating under 14 CFR Part 121 that involved impact
related fatal accidents, only 15 have sufficient data to ascertain whether seat detachment
occurred or not.  Therefore, the benefit derived from the accidents studied has been
factored by 22/15.

The benefit, in terms of lives saved, was assessed to be in the range of 12 to 40 with a
median of 23 for the 15 years of accidents studied.  The reduction in serious injuries was
assessed to be in the range of -1 to 32 with a median of 18.

The assessment based on the world fleet is likely to be the more accurate simply because
it is based on a relatively larger sample size.  However both samples are small in number
and the world fleet prediction is heavily biased by the accident at Cove Neck.

7. CONCLUSIONS

a. An analysis, based on the currently available data on aircraft accidents over the
period 1984 to 1998, was carried out to assess the potential benefit that might
result from the introduction of 16-g seats.  The benefit was derived in terms of
reduction in fatal and serious injuries for aircraft type certificated with 30 or more
passenger seats and operating to 14 CFR Part 121.  Account has been taken of the
reduction in fire threat afforded to the impact survivors by the improved
fireworthiness of cabin interiors compliant with the standards defined in 14 CFR
Part 25 at amendment 72.  Two methods were used.  The first is based on
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worldwide accident data, and the second is based on US registered aircraft.  The
results are as follows.

• First Method:  Benefit assessment based on the World Fleet

The reduction in fatalities is 51 with a 95 percentile range from 33 to 68
percent, and the reduction in serious injuries is 54 with a 95 percentile
range from 28 to 79.

• Second Method:  Benefit assessment based on US Part 121 Aircraft

The reduction in fatalities is 23 with a 95 percentile range from 12 to 40,
and the reduction in serious injuries is 18 with a 95 percentile range from
-1 to 32.

(1) The range of benefit indicated is representative of an error band for
the accidents that were studied.  It does not give any indication of
the likely error resulting from the analysis being based on small
samples.  This is the reason for the range for reduction in serious
accidents not overlapping for the two methods employed.

(2) A negative value for serious injuries is associated with situations
where the number of fatal injuries reduced to serious injuries is
higher than the number of serious injuries reduced to minor or no
injuries.  The net outcome is an increase in serious injuries.

(3) Since the sample size for the first method was larger, it is likely to
yield the more accurate assessment.

b. The analytical methods employed are intended to provide as accurate an
assessment as is possible with the available data, using the mathematical tools
currently in existence.  However there will still remain an element of uncertainty
associated with assessments of this kind, and this should be borne in mind when
making decisions concerning aircraft safety that are predicated on the results of
this analysis.

c. The available data on which the assessment is based limits the accuracy of the
predictions.

d. The fire threat, which is often severe in accidents where 16-g seats are likely to
reduce the number of impact fatalities, is a significant factor in terms of the
ultimate benefit attained.  If significant improvements to occupant protection from
fire could be made, this would result in an increase in the assessed benefit from
16-g seats.
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e. Due to the extensive disruption to the floor during the impact sequence, a number
of accidents analyzed would not have any potential for lives being saved with the
introduction of 16-g seats.

f. The current database has very few accidents with 100% fatalities. It is unlikely
that there are many lives to be saved from the introduction of 16-g seats in
accidents of this severity.  However, it is feasible that the benefit assessment
might increase slightly if accidents of this type were studied.
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9. DEFINITIONS

Accident Scenario (Source:  International Cabin Safety Research Technical Group)

“That volume of the aircraft in which the occupants are subjected to a similar level of
threat.”

Fatal Injury (Source:  NTSB, ICAO Annex 13, Eighth Edition, July 1994)

“An injury resulting in death within thirty days of the date of the accident.”

Serious Injury (Source:  NTSB, ICAO Annex 13, Eighth Edition, July 1994)

“An injury which is sustained by a person in an accident and which:

a. requires hospitalisation for more than 48 hours, commencing within seven days
from the date the injury was received; or

b. results in a fracture of any bone (except simple fractures of fingers, toes, or nose);
or

c. involves lacerations which cause severe haemorrhage, nerve, muscle or tendon
damage; or

d. involves injury to any internal organ; or

e. involves second or third degree burns, or any burns affecting more than 5 per cent
of the body surface; or

f. involves verified exposure to infectious substances or injurious radiation.”

Survivable Accident

“An aircraft accident where there were one or more survivors or there was potential for
survival.”

Note:  There are several definitions of a survivable accident most of which are similar in
concept to that contained in the “Aircraft Crash Survival Guide” published by the U.S.
Army Research and Technology Laboratories:

“An accident in which the forces transmitted to the occupant through his seat and restraint
system do not exceed the limits of human tolerance to abrupt accelerations and in which
the structure in the occupants’ immediate environment remains substantially intact to the
extent that a liveable volume is provided for the occupants throughout the crash
sequence.”

However this sort of definition has not been adhered to in this analysis for the following
reasons:

1. For any particular accident, survivability potential may vary significantly
dependent on occupant location.
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2. The definition is subjective and hence categorisation will vary dependent on the
analyst’s assessment of the environment to which the occupants are subjected.

3. Whilst for a particular accident the hazardous environment to which occupants
were subjected may have been nonsurvivable this does not infer that
improvements would not have resulted in survivors.

For these reasons accidents have been assigned on the basis of the following simplified,
nonsubjective criterion:

• At least one occupant survived or there was potential for occupant survival.

The definition of a Survivable Accident excludes:

• Accidents in which there were no survivors and no potential for survival, such as
in-flight breakup, collision with high ground, etc.

• Accidents resulting from acts of war, terrorism, and sabotage.


