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SUMMARY

In October 1983, the Department of Transportation published a Notice of
Proposed Rulemaking (NPRM) which proposed several alternative amendments to
FMVSS No. 208, Occupant Crash Protection, The Preliminary Regulatory Impact
Analysis (PRIA) accompanying the NPRM discussed the uncértainty involved in
determining the effectiveness of restraint systems, safety benefits,
insurance savings/costs, as well as consumer and other costs that could be
anticipated under various alternatives and solicited comments on this
subject, In response to the NPRM, over 7,800 commenters offered their.views
about various aspects of the proposed rulemaking, including the automobile
manufacturers, insurance companies, consumer groups, and other interested
parties. In May 1984, the Department published a Supplemental Notice of
Proposed Rulemaking (SNPRM) asking for comments on four additional
alternatives, as well as other issues. There were over 130 comments to the
SNPRM. In preparation for this rulemaking, the Department of Transportation
conducted comprehensive analyses of pertinent comments and of all accident
data and other material available in its files. On the basis of these
analyses, the agency sought to determine the effects on benefits and costs of

the proposed alternatives to improve passenger car occupant protection,

While many of the uncertainties still remain, notably the uncertainty
surrounding the precise level of potential usage of automatic belts, the

summary data below are based on the best currently available estimates.



Effectiveness

Effectiveness of an occupant restraint system is defined as the percentage
reduction in fatalities or injuries for restrained occupants as compared to
unrestrained occupants. In this analysis, the agency reviewed all pertinent
accident data in order to develop a range of estimates of the effectiveness
for air bags without belts, with lap belts, and with three point belts;
manual lap belts, manual lap and shoulder belts; and automatic belts. The

results of the effectiveness evaluation are as follows:

TABLE 1
PERCENT EFFECTIVENESS -
Manual Air Bag
Lap/ Air Bag With Lap/
Manual Shoulder Automatic Air Bag With Shoulder
Lap Belt Belt Belt Alone Lap Belt Belt
Fatalities 30-40 40-50 35-50 20-40 40-50 45-55
AIS 2-5 25-35 45-55 40-55 25-45 45-55 50-60
Injuries
AIS 1 10 10 10 10 10 10
Injuries ,

According to these estimates, there is no single system more effective than
the manual lap/shoulder belt when used; but using this system with an air bag
as a supplement provides the most effective system for both fatalities and

AIS 2-5 injuries.

Throughout the analysis, the safety benefits and insurance premium changes
will be presented as a range of values. These ranges reflect the low and

high effectiveness estimates.



Safety Benefits

Based on projected fatalities and injuries and-using the range of
effectiveness estimates and a range of asutomatic and manual seat belt usage,
estimates were made of the incremental reductions in fatalities, AIS 2-5
injuries, and AIS 1 injuries for all automatic restraint systems (air bags
without seat belts, air bags with lap belts, air bags with lap/shoulder belts
and automatic belts) and for mandatory use laws if they are effective in all
states. Estimates are provided across a broad range of usage (20-70 percent)
for automatic belts and a narrower range (40-70 percent) for mandatory use
laws because the precise level of future usage is uncertain. Below are the
results of this analysis:

TABLE 2
INCREMENTAL REDUCTION IN

Fatalities AIS 2-5 Injuries AIS 1 Injury

Air Bags Only (No  3,780-8,630  73,660-147,560 255,770
Lap Belt Usage)

Air Bags With Lap
Belt (12.5% Usage) 4,410-8,960 83,480-152,550 255,770

Air Bags With Lap
Shoulder Belt

(12.5% Usage) 4,570-9,110  85,930-155,030 255,770
Automatic Belts
20% Usage 520-980 8,740-15,650 7 22,760
30% 1,420-2,280 24,370-37,440 52,640
40% 2,320-3,5%0  39,990-59,220 B2,510
50% 3,230-4,900 55,610-81,000 112,380
60% 4,130-6,200 71,240-102,790 142,250
70% 5,030-7,510 86,860-124,570 172,120

Mandatory Belt Use
Laws (in all states)

40% Usage 2,830-3,590  47,740-59,220 82,510
50% 3,860-4,900  65,300-81,000 112,380
60% 4,890-6,200 82,860-102,790 142,250

70% 5,920-7,510 100,430-124,570 172,120



Insurance Premium Changes

Based on the projected loss experience of the insurance industry resulting
from an automatic occupant protection requirement, insurance premiums should
change for various automobile insurance coverages, as well as for health

insurance and life insurance. These results are summarized below:

TABLE 3
SUMMARY OF POTENTIAL EFFECTS
ON INSURANCE PREMIUMS FROM
AUTOMATIC RESTRAINT REQUIREMENTS

Total
Annual
Per Vehicle Per Vehicle Savings
Annual Lifetime 1990 Fleet
Air Bags Savings ($) Savings ($) Equivalent ($M)
Automobile Insurance
Savings-Safety 9-17 ‘ 62-115 1,108-2,046
Loss-Deployment 3 (18) (312)
Health Insurance 4-8 29-54 521-962
Life Insurance 0-1 3.7 62-136
Total T0-23 76-158 T1,379-2,832
Automatic Belts
(For 20 Percent Assumed Usage)
Automobile Insurance 1-2 5-14 89-243
Health Insurance 0-1 2-7 42-114
Life Insurance ] 0-1 7-14
Total -3 7-22 138-371
Automatic Belts
(For 70 Percent Assumed Usage)
Automobile Insurance 10-14 - 65-94 - 1,146-1,676
Health Insurance 5.7 31-44 539-788
Life Insurance 1 4-6 71-106

Total 16-22 T00-144 T,756-2,570



Consumer Cost

The following table presents current estimates of the consumer cost of
different automatic restraints (air bags and automatic belts) as well as the
incremental fuel cost over the lifetime of the vehicle resulting from the

additional weight of such restraints.

TABLE 4
PER VEHICLE COST IMPACTS
Total
Lifetime Incremental
Incremental Energy Cost
Cost Costs Increase
Automatic Belt $40 . $11 $51
System (2-pt. or 3-pt.
Non-Power, High Volume,
Driver and Front Right)
Air Bag - $220 $12 $232
Driver Only
(High Volume)
Air Bag - $320 $44 $364

Full Front
(High Volume)

Net Dollar Costs

The results of a lifetime net dollar cost analysis for air bags and automatic
belts are shown in the following table. The analysis considers only the
costs related to motor vehicle ownership; it does not include economic costs
to society, or values for the pain and suffering experienced by the victims
of motor vehicle accidents. Thus, lifetime dollar costs include retail price
increases and fuel cost increases and lifetime dollar benefits include only

insurance premium reductions. The range of lifetime net dollar costs is

$206-$288 per car for air bags at 12.5 percent lap belt usage. For automatic



TABLE 5

SUMMARY OF SAFETY BENEFITS AND NET DOLLAR
COSTS OR BENEFITS FOR AIR BAGS AND AUTOMATIC BELTS
(COSTS ON A PER CAR BASIS)

———-SAFETY BENEFITS—-—- LIFETIME  LIFETIME
INCREMENTAL  INSURANCE NET DOLLAR
AIS 2-5 LIFETIME PREMIUM COST OR
FATALS INJURIES COSTS REDUCTIONS (BENEFITS)
Full Front Air Bag With Lap Belt
No Usage of Lap Belt 3,780-8,630 73,660-147,560 $364 $66-154  $210-298
12.5% Usage of Lap Belt 4,410-8,960 83,480-152,550 364 76-158 206-288

Driver and Front Right
Air Bag with Lap Belt
(Center Seat Exempt)

No Usage of Lap Belt  3,710-8,490 72,480-145,408 354 64-151  203-290
12.5% Usage of Lap Belt 4,340-8,810 82,260-150,370 354 74-155  199-280

Driver Air Bag
with Lap Belt

No Usage of Lap Belt  2,680-6,250 56,330-114,370 232 36-100  132-196
14.0% Usage of Lap Belt 3,200-6,520 64,820-118,680 232 44-104  128-188

Driver and Right Front
Automatic Belt
(Center Seat Exempt)

20% Usage 520-980 8,740-15,650 51 7-22 29-44
70% Usage 5,030-7,510 B86,860-124,570 51 100-144  (49)-(93)

Driver Automatic Belt

20% Usage 270-580 5,260-10,370 26 0-8 18-26
70% Usage 3,610-5,440 67,160-96,770 26 65-99 (39)-(73)

Note: ( ) means dollar benefits (insurance premium reductions) exceed dollar costs,



bglts, net dollar costs vary by belt usage rates because the insurance
benefits vary by belt usage rates. At 20 percent usaée, lifetime insurance
benefits range between $7-$22 per car resulting in a lifetime net cost per
car of $29-$44, while at 70 percent usage lifetime insurance benefits are

$100~$144 per car, resulting in a net dollar savings of $49-$93 per car.

Breakeven Points

Several breakeven points were calculated throughout the analysis. The
breakeven points indicate where benefits of one alternative equal another, or

where costs equal benefits, etc.

Figure I shows the fatality reduction breakeven points between automatic
belts and air bags for a variety of combinations within the ranges of usage

and effectiveness as they apply to these two restraint systems.

For example, the combination of the high level of effectiveness for automatic
belts'(SD percent) and the low effectiveness for air bags (20 percent) result
in a breakeven point at a usage level of 44 percent. That is, with 44
percent automatic belt usage, the safety benefits provided by these two

systems are equal.

Figure 2 shows breakeven points for costs related to automatic belts using
low and high effectiveness estimates. The breakeven point occurs when
lifetime costs (retail price increases and additional fuel costs) equal

lifetime insurance premium reductions. At the high effectiveness level, the



breakeven point occurs at the 32 percent usage level. At the low
effectiveness level, the breakeven point occurs at the 44 percent usage

level.

Air bag systems do not attain similar breakeven points. The estimated
lifetime cost of a full front air bag system is $364, while lifetime
insurance premium reductions range from $76-$158 at 12.5 percent lap belt
usage for low and high estimates of effectiveness respectively. Based on
these estimates, there is no point at which air bag insurance savings would
equal air bag costs. This is true for all air bag configurations--full
front, driver anly, and driver and front right seats (center seat exempt).
It should be noted, however, that these are not "societal"™ breakeven points

as they do not include lost productivity and other costs to society.
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Benefits of the Final Rule

The Final Rule calls for a gradual introduction of automatic restraints
during model years 1987-89 and a full implementation of the automatic
occupant protection requirement of FMVSS 208 effective September 1, 1989,
unless two-thirds of the U.S. population are covered by mandatory safety belt
use laws, Tables 6 and 7 show the reductions in fatalities and AIS 2-5
injuries, respectively, over the life of cars sold during model years
1987-89., Reductions are shown for two possible scenarios that satisfy the
Final Rule's implementation schedule: under the first scenario automatic
belts would be used in 10, 25 and 40 percent of the fleet, respectively, for
the first, second and third year; under the second scenario air bags would be
used in 6.67, 16.67 and 26.67 percent of the fleet, respectively (the Final
Rule allows an extra credit of 1.5 for each car that provides automatic
protection with a system other than seat belts for the purpose of meeting the
percentage requirements of the Final Rule). These benefits should be added
to those that accrue under full implementation (see Table 2) which begins in

model year 1990.



Air Bags Only
Air Bags with Lap Belt
(12.5% Usage)

Air Bags with Lap/
Shoulder Belts
(12.5% Usage)

Automatic Belts
(20% Usage to
70% Usage)

Air Bags Only
Air Bags with Lap Belt
(12,5% Usage)

Air Bags with Lap/
Shoulder Belts
(12.5% Usage)

Automatic Belts
(20% Usage to
70% Usage)

TABLE 6
INCREMENTAL REDUCTION IN FATALITES
OVER THE LIFETIME OF THE MODEL YEAR FLEET
CENTER SEAT EXEMPT
BASED ON LOW-HIGH EFFECTIVENESS ESTIMATES

MY 1987
10% Automatic Belts,
6.67% Air Bags

MY 1988
25% Automatic Belts;
16.67% Air Bags

12

MY 1989
40% Automatic Belts;
26.67% Air Bags

250-570 620-1,420
290-590 720-1,470
300-600 750-1,500
50-100 130-~250
500-750 1,260-1,880

TABLE 7
INCREMENTAL REDUCTION IN AIS 2-5 INJURIES
OVER THE LIFETIME OF THE MODEL YEAR FLEET
CENTER SEAT EXEMPT
BASED ON LOW-HIGH EFFECTIVENESS ESTIMATES

MY 1987
10% Automatic Belts,
6.67% Air Bags

MY 1988
25% Automatic Belts;
16.67% Air Bags

990-2, 260
1,160-2,350

1,200-2,390

210-390
2,010-3,000

MY 1989
40% Automatic Belts;
26.67% Air Bags

12,080-24, 240
13,710-25,070

4,830-9,700
5,490-10,030

5,650-10,200

14,120-25,480

870-1,570
8,690-12,460

2,190-3,910
21,720-31,140

19,330-38,780
21,940-40,100

22,590-40,770

3,500-6, 260
34,740-49,830



Table 8 shows the reductions of fatalities and AIS 2-5 injuries that would

13

occur if states containing a total of 67 percent of the Nation's population

enacted mandatory use laws, without the implementation of the automatic

restraint requirements of Standard 208, Of course, benefits would be higher

if additional states passed mandatory use laws.

USAGE

40%
70%

40%
70%

TABLE 8
ANNUAL SAFETY BENEFITS OF
MANDATORY USE LAWS
AFFECTING 67% OF THE POPULATION

INCREMENTAL FATALITY REDUCTION

EFFECTIVENESS

LOW (40%) MID-POINT (45%
1,900 2,160
3,970 4,500

INCREMENTAL AIS 2-5 INJURY REDUCTION

LOW (45%) MID-POINT (50%)
31,990 35,800

67,290 75,310

2,410
5,030

HIGH (55%)

39,680
83,460
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I. INTRODUCTION

This Final Regulatory Impact Analysis (FRIA) represents the Department of
Transportation's assessment of the benefits and costs of various
alternative approaches to automatic occupant protection. It addresses
issues that were raised in the PRIA and the subsequent rulemaking hearings

and docket comments.

In October 1983, the Department published a Notice of Proposed Rulemaking
(NPRM) as part of the further review of the occupant crash protection
standard required by the Supreme Court decision. Accordingly, the agency
outlined a range of requlatory actions (amend, retain, or rescind FMVSS
208) and potential alternative proposals if the decision was to amend the
current standard; e.g. air bags only, air bags or non-detachable automatic
belts, etc. The NPRM sought public response on 91 specific questions on
various aspects of the occupant protection issue.l In addition, it called
for three public meetings to gather nationwide response to the issues and
questions raised in the NPRM., These public meetings were held in Los
Angeles, California, on November 28-29, 1983, in Kansas City, Kansas on
December 1-2, and in Washington, D.C. on December 5, 6, and 7. The public
docket for this NPRM (Docket No. 74-14, Notice 32) formally closed on
December 19, 1983, but the Department accepted comments received after that

date and considered more than 7,800 docket comments.

1 For the reader interested in the specific questions outlined in the NPRM,‘
see 48 FR 48622-41.
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Subseduently, the Department issued a Supplemental Notice of Proposed
Rulemaking (SNPRM) on May 10, 1984, seeking additional comment on several
issues and proposing four other alternatives. Over 130 comments were '

received, All timely comments have been considered in preparing this FRIA.

After a brief review of the background of FMVSS 208, the FRIA outlines the
significant issues raised by the Supreme Court in its June 1983 decision
-an all air bag requirement and usage of non-detachable automatic safety
belts, as well as other issues resulting from agency analyses and docket
comments. The following sections contain the main body of the analysis,
including estimates of effectiveness, usage rates, safety benefits,
insurance premium changes, cost and leadtime of the various restraint
systems, impacts of increased costs on vehicle manufacturers, and possible
small business impacts. Also included is an analysis of recent major
public opinion surveys. Each of the alternatives considered in this
analysis -- amend, retain, rescind the standard, as well as demonstration
programs and mandatory seat belt use laws -- is discussed in the

alternatives section of the analysis.

The Conclusions section draws all the information within the FRIA and its
referenced material into a concise statement. The Conclusions section
reflects the intense review conducted on a subject that has been
controversial for over a decade and highlights the significant findings of
the FRIA. Additional material relevant to the analysis has been included

in appropriate Appendices.
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1I. BACKGROUND

FMVSS 208 was one of the initial standards of the agency, issued in 1967 as
a standard for seat belt installation in passenger cars. Since that time,
there have been a number of actions relative to éutomatic occupant
restraints. From 1970 (rule establishing automatic restraint

‘systems for passenger cars) to 1983 (temporary suspension of the 1977
automatic restraint requirements) issuance of an automatic occupant
protection rule has been debated, proposed, revised, promulgated, and
rescinded. Alternatives such as starter interlock options were proposed
(1971), established (1972), and eventually overturned by congressional
legislation (1974). Test criteria and demonstration programs were
established and changed (1971 and 1977). The courts were alsc involved in
the process, rendering decisions in 1972, 1979, and 1982. (These events
are summarized in Table II-1 of the October 1983 Preliminary Regulatory
Impact Analysis. They are also described in detail in the October 1981
Final Regulatory Impact Analysis concerning the rescission of the automatic
occupant protection requirements of the standard.)i The most recent actions

concerning FMVSS 208 follow.
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.In January 1977, Secretary William Coleman negotiated agreements which
would have resulted in an air bag and passive seat belt demonstration
program, the purpose of which was to show the effectiveness of these
devices, and thereby counter possible public resistance to this new
technology and familiarize the public with the overall benefits of océupant

restraints.

Ford, General Motors, Mercedes-Benz, and Volkswagen agreed to participate
in the voluntary program, Ford agreed to manufacture 140,000 air bag
equipped cars, GM 300,000, and Mercedes 900 driver only air bag cars. - VW
agreed to manufacture no fewer than 125,000 cars equipped with a passive
belt system in both front seating positions between model years 1975 and
1980, with at least 60,000 of these cars manufactured between model years
1978 and 1980, The anticipated incremental consumer price to be negotiated

was $100 for full front air bags and $50 for a driver only air bag.

In addition to the agreements by the automobile manufacturers, three
insurance companies (Allstate, Nationwide, and Volkswagen Insurance

Company) agreed to provide 30 percent discounts on medical coverage premiums

for those consumers purchasing passive restraint cars.

The demonstration program was subsequently voided and abandoned by the
manufacturers in June 1977, when, as a result of a reassessment of
Secretary Coleman's decision, his successor, Secretary Brock Adams, issued
a rule requiring auiomatic restraints in all front seating positions on a
phased~in schedule depending on vehicle size: large cars to small cars

with all cars having to comply in Model Year 1984,
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Although the 1977 demonstration program contained a provision which
released the automobile companies from their responsibilities if automatic
restraints were to be mandated, the manufacturers were asked by

Secretary Adams to continue their voluntary agreements to produce
automobiles with automatic crash protection in Model Year 1980. Volkswagen
continued to offer automatic belts in the U.S. and does so to this date. GM
of fered two-point automatic belts in Model Years 1978 and 1979 and
three-point automatic belts in Model Year 1980 on all Chevettes. A small
number of Cadillacs were offered with three-point detachable automatic
belts and, over the last few years, Toyota Cressidas have come equipped
with a motorized automatic belt. In Europe, approximately 25,000 Mercedes
Benz cars have been sold with a supplemental (i.e., in addition to the
three-point manual belt) driver side air bag coupled with a pyrotechnic
pre-tensioning reel for the right front passenger 3-point belt, which in
the case of the S-class cars sold in Germany, represents 17 percent of
sales (9.6 percent worldwide.)! Mercedes Benz began to offer such a system
in the U.S. on certain 1984 models. No other manufécturer has offered air
bags to the U.S. public since GM discontinued the air bag as an option on

some cars in 1976.

In February 1981, the Department issued an NPRM which proposed a 1-year
postponement of the effective date of the automatic restraint requirement.
This permitted further study of that requirement in light of changed
circumstances since the standard's promulgation, such as the decision by

virtually all major manufacturers to elect to use automatic belts rather

T Daimler-Benz Docket Comment No. 74-14-N32-5886, p. 3.
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than air bags as the means of compliance and the dramatic shift in the
market toward small cars resulting from changes in fuel price and
availability. In April 1981, the agency issued a final rule delaying from
September 1, 1981 to September 1, 1982, the date on which large cars had to
begin complying with the requirement, and also issued an NPRM setting forth
three alternative amenqments to the automatic restraint requirement: (1)
reversal of the phase-in sequence to require compliance by smgll cars
first; (2) simultaneous compliance by all cars; (3) rescission of the
requirement; and in addition, a sub-alternative proposed the deletion of
the requirement for automatic restraints in the front center seating

position for the first two alternatives.

On October 23, 1981, the agency issued a final rule rescinding the
provisions which would have required front seating positions in all new

cars to be equipped with automatic restraints.

The rationale for this decision was based on the belief that compliance
would be by detachable automatic belt, that such belts might only result in
a marginal increase in belt usage and resultant safety benefits, that the
compliance costs associated with the standard were high, and that the
public might have an adverse reaction to these belts, which could have:an

adverse effect on overall motor vehicle safety efforts.

In June 1983, the Supreme Court held that the agency's rescission of the
automatic restraint requirement was arbitrary and capricious, that the

agency had failed to present an adequate basis and explanation for
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rescinding the requirement, and that the agency must either consider the
matter further or adhere to or amend the standard along the lines which its

analysis supports.

The Supreme Court remanded the case to the Court of Appeals with
directions to remand the matter to the Department for further consideration

consistent with the Supreme Court's opinion.,

On August 31, 1983, the Department issued an interim final rule which
suspended the passive restraint requirement while it re-examined the issue
as required by the court. The 1-year suspension was issued to preclude
any possibility that manufacturers might be in technical violation of a

requirement that, as a practical matter, could not be met.

In October 1983, the Department published an NPRM and a Preliminary
Regulatory Impact Analysis. The analysis presented the Department's
assessment of the benefits and costs of various approaches to automatic
occupant protection and examined the overall safety and economic effects of
these approaches. The NPRM invited comment on the proposed automatic
protection requirements., Comments were received in the docket from a wide
variety of individuals and organizations, ranging from automobile
manufacturers and insurance companies to private citizens. More than 7,800

comments have been received to date.

Public meetings were held in Los Angeles, Kansas City, and Washington, D.C.

during the period November 28 to December 7, 1983. More than 155

individuals presented testimony. The testimony in these meetings and the
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comments to the docket raised complex issues or led to the identification
of other alternatives that were not specifically addressed in the NPRM.
For these reasons, the Department issued a Supplemental Notice of Proposed
Rulemaking (SNPRM) on May 10, 1984. The Notice solicited comments on the
above issues and proposed four additional alternatives. More than 130
comments were received, primarily from automobile manufacturers, the

insurance industry, public interest groups, and several states.




ITI. ISSUES

This section examines several issues raised in testimony at the public
hearings and in comments to the docket. A number of these concern air
bags, including the applicability of air bags to small cars, the use of
sodium azide, product liability concerns associated with air bag use and
repair, and the introduction of new technology which could lower the cost
of air bags. Other issues discussed include the potential use of passive
interiors to provide automatic occupant protection and test procedures

repeatability.

A. Air Bag Issues

1. Provision for Air Bags in Small Cars

Air bags have been designed and installed in 12,000 production vehicles in
the early and middle 1970's. Mercedes-Benz has sold more than 20,000 air
bag equipped vehicles in Europe over the past two years and plans to sell
5,000 in the U, S. this year. However, these vehicles were all large and
intermediate sized cars. Small cars present particular problems in the
near term for designers of air bag systems. In the most general terms, the
smaller the car, the shorter the "crush distance" and the greater the
collision severity., For smaller cars, the time available for crash sensing
and bag inflation is shorter. This necessitates an air bag system that
uses greater force and inflation speed to produce adequate and timely

occupant protection,
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Several issues have been raised concerning air bag use in small cars. The

issues fall into two basic categories--technical feasibility and

out-of-position occupants. Specifically, is it technically feasible to
design small car air bags? If it is feasible, what are the cost and | ;
leadtime implications? Are there significant differences due to car size
in driver versus passenger systems? Do air bags cause injuries to out of

position occupants, especially children?

a. Technical Feasibility

While most of the real world air bag experience has involved large and
intermediate sized cars, laboratory tests on small cars indicate that air '
bags are technically feasible of being applied to small cars. Ford, in a
response to Representative Dingell's questions on air bags in small cars
(Docket response 74-14-N32-3115) stated that air bag technology is safe for
- use as a supplement to manual three-point belt systems for drivers in all
sizes of cars. The Motor Vehicle Manufacturers Association's (MVMA)
technical report on air bag use in small cars provided a summary of frontal
barrier crash test results with air bags installed in small cars.l Those
test results (see Table III-1A) indicate that driver and front paésenger
occupant protection as defined by FMVSS 208 is possible with air bags in
small cars based on laboratory experiments. The report concludes that "the

use of air bags in small cars shows promise in providing occupant

1 "air Bag Use in Small Cars-Literature Review", Technical Report by David J.
Segal, November 1983. Prepared for Motor Vehicle Manufacturers Association
by MGA Research Corporation, Buffalo, N.Y., p.27. (Docket 74-14-N32-1674),



Vehicle

Pinto

Pinto

Pinto

Pinto

Pinto

Pinto
Chevette
Chevette
Omn i

Omn i

Vega

Honda Accord
Datsun 260Z
Datsun 2602
Citation
Citation
Delorean
DeLorean
Yolvo

Volvo
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Table III-1A

SUMMARY OF "SMALL™ CAR AIRBAG CRASH TEST RESULTS

Bib!iography Seat Crash Speed Femur
| +em Position* (MPH) HIC Chest G Loads-LBS
1 D 34.9 474 61 2060
1 P 34.9 702 53 1590
1 D 30 320-510  49-68 570-2000
1 P 30 277-357  46-65 810-1560
81 D 31.2 617 43 1039-1343
82 px* 11.2 278 44
65 D 30 443 50 1550
66 P 30 189 27 600
66 D 30 279 42 1300
66 P 30 492 45 700
65 D 31.9 353 45 1520
53 D 35 264-859 47-59 1416~1854
76 D 30 424-558 44-52 568=~870
76 P 30 284-540 33-44 356-687
67 D 36.9 398 40 1760
67 P 36.9 554 44 1150
35 D 40.6 336 46 1220
35 P 40.6 684 53 2110
69 D 40.0 440 58 2100
69 P 40.3 204 50 1580

* D - Driver, P - Passenger
*%95th Male dummy
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protection levels consistent with FMVSS 208." However, it was pointed out

that more developmental work was necessary prior to mass production. Thus,

the issue appears to be one of leadtime rather than technical feasibility.

The agency has also previously looked at the small car-air bag situation.
Agency data from a computer simulated crash test of a typical small car
showing the movement of the 5th, 50th and 95th percentile dummies and air
bag over time in a 30 mph crash are shown in Table II1I-1. These data show
that the bag is fully inflated before the dummy has any substantial
movement in a vehicle substantially smaller than the 1974 model GM
vehicles equipped with air bags. Before the dummy has moved, the sensor
has detected the crash and initiated bag deployment. The bag begins to
inflate at about 14ms? and it is at 10ms that the dummy's H point3

begins to move from the rest position at the back of the seat. H point
movement is still less than 1 inch after 30ms, and by 35ms the bag is fully
inflated. By 40ms, the dummy movement is just over 2 inches. The dummy's
first contact area is the femur, which contacts the small car dash at 50ms
for all dummy sizes, H—point;movement at this time is nearly 5 inches,
Maximum H-point movement of around B8 to 10 inches occurs in the range of

70-80ms.

ms=milliseconds.

H point means the mechanically hinged hip point of a manikin which
simulates the actual point center of the human torso and thigh, described
in SAE Recommended Practice J826, Manikins for Use in Defining Vehicle

Seating Accomodation,” November, 1962.

W N
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TABLE III-1
DUMMY MOVEMENT AND AIR BAG INFLATION
IN 30 MPH CRASH

Time From QOnset H-Point Mavement H-Point Movement H-Point Movement

of Initial Crash 5th Percentile 50th Percentile 95th Percentile Bag
Dummy * Dummy Dummy Movement

(MS) (in.) (in.) (in.)

0 0 0 0 *
10 .01 .01 01 **
20 17 A7 .17
30 .81 .81 .B1
}5 * %%
40 2,29 2.29 2.29
45
50 4.08%*xx 4,72%%*% 4,83%%x%

60 6.99 7.32 7.79

70 7.88 (Max) 8.95 10.04

75 9.21 (Max)

80 10.90 (Max)

* Sensor detects impact

** Bag starts to inflate (14 ms)
**¥Bag fully inflated (35 ms)
*x*% (Femurs hit)

Note: Data taken from simulated crash test of a typical small car.

NHTSA has also evaluated the performance of current air bag systems and
conducted lab tests to demonstrate that air bags could meet FMVSS 208
requirements at speeds up to 40 mph in small cars. Vehicles in which air
bags have been evaluated include the Chevrolet Chevette, Dodge Omni,
Chevrolet Citation, Volvo 244, and the Delorean., Each of these vehicles is
smaller than the previous and current production vehicles which were

equipped with air bags.
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The results® of the NHTSA sled tests and bar ier crash tests of the above
vehicles lead to the conclusion that there is no technical reason why air
bags meeting the injury prevention criteria of FMVSS 208 cannot be used in
small cars. In addition, NHTSA has developed research safety vehicles
which have provided occupant protection below the FMVSS 208 criteria at
speeds up to 50 mph. For example, the Minicars RSV is a small car which

has demonstrated this level of performance.

However, the agency recognizes that a manufaturer's concerns extend far
beyond the test requirements of a Federal Motor Vehicle Safety Standard.
Manufacturers need be concerned about air bag performance in other
situations, such as in pole crashes,.and with out-of-position occupants, as

discussed in the next section. Thus, developmental work, to fine-tune

sthe air bag system to account for the above type situations in specific
vehicles, still needs to be done. Since little work has been done by

manufacturers in developing and producing air bags for small cars, the

development time must necessarily be longer than for large cars.

4 DpOT-HS-B805-943 "Small Car Front Seat Passenger Inflatable Restraint
Systems," April 1981.

DOT-HS-805-944 "Small Car Front Seat Pussznger Inflatable Restraint
Systems, Volume II-Citation Air Bag System," April 1981,

DOT-HS-805-960 "Upgrade Volvo Production Restraint Systems,"
April 1981,

DOT-HS-B806-312 "Systems Analysis Approach to Integrating Air Bags into a
Production Ready Small Car," November 1981.
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In summary, based on a review of the docket comments, manufacturers' tests,
and agency evaluations of small car air bag installation, it is believed
that there is no technical reason why air bags cannot be installed in any
car, regardless of the size although all manufacturers who commented on the
small car issue stated that technical issues remain., GM, in comments to
the NPRM, also stated that challenges remain in developing air bags for
small cars and that additional leadtime is required for such development.
However, GM concluded by saying that "It should not be inferred . . . that
General Motors does not believe that air bag technology can be developed
for small cars. "The agency has determined that additional leadtime is
required to field test and final design air bag systems for current and
future small production vehicles. It is expected that up to 5 years may be

needed to design and gain experience with small car air bags.5

b. Out-of-Position Occupant

While it appears technically feasible to install air bags in small cars,
the issue of occupant interaction with the air bag system in small cars
merits review. GM, in particular, has addressed the two fold problem of
designing air bags for small cars to 1) meet the FMVSS 208 30 mph criteria,
and 2) at the same time avoid potential hazards from air bag induced injury

to out-of-position occupants.b

> Docket Comment 74-14-N32-5299, AMC, P.4-5; Docket Comment 74-14-N32-1666,
P GM, Appendix A, p.7; and others,
Docket comment 74-14-N32-1666, Appendix D, p.2.
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The problem described by the manufacturers is that small cars have less
available front end crush space and less occupant spacing from injury
producing sources in the passenger compartment (such as the steering
column, instrument panel or A pillar) than larger cars. In effect, this
reduces the permissible time to sense and inflate the air bag to safely
cushion the occupant. The small car air bag must therefore inflate quicker
and utilize a thicker bag to withstand the greater inflation pressures. The
effect of the necessarily more '"aggressive" small car air bags on out of
position occupants, particularly passengers, continues to pose a problem
for vehicle manufacturers. (Drivers tend to have about the same amount of

space behind the steering column independent of car size).

Most danger to out of position occupants occurs when they are located near
the instrument panel at the time of bag inflation and, therefore, contact
the bag when it is rapidly expanding. The agency has analyzed the effect

of air bag systems on various ages and sizes of occupants, with a

particular emphasis on the small child.? The result of that analysis
indicates children would only be at the instrument panel relatively
infrequently at the time of air bag deployment. Further, the fact that
these small children are near the instrument panel does not necessarily
mean that they would be injured. In order to be injured by a deploying air
bag the child would likely not only have to be near the instrument panel
but would have to be struck in such a manner as to produce injury or be

thrown into another component of the vehicle interior which would produce

7 "protection of Children and Adults in Crashes with Automatic
Restraints," Ralph Hitchcock and Carl Nash, NHTSA, October 1980, presented
at the Eighth International Technical Conference on Expemmenta] Safety
Vehicles, Wolfsburg, Germany, p. 317-325.
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injury. Another point to be considered is whether the child would have been
injured in the absence of an air bag. Nevertheless, a small number of
children could in fact be at greater risk from the air bag induced trauma

than that from the effects of the crash itself.

A large part of the research and development effort on air bags through the
years has focused on designing an air bag system that has location, size,
and deployment characteristics (e.g., pressure, time, etc.) such that
vehicle occupants are protected in as high a crash speed as possible
without creating an unreasonable risk to an occupant who is out-of-position
(i.e., near the stored bag at the time of deployment). The automobile
industry, the research community, and NHTSA have done a tremendous amount
of work over the years in trying to assess the air bag's potential for
injury to out-of-position occupants, and to assess the probability of those

injuries occurring in the real world.8 2

At this time, air bag technology could be likened to a drug with great
potential lifesaving and injury reducing capability, but with some limited
adverse side effects for some ( out-of-position children). In the past
few years child restraint legislation has been enacted in nearly all of the
states, This has the effect of reducing the probability that a child would

be out-of-position to levels below that used in previous studies.

B GM comments to 74-14-N32-1666.
Hitchcock/Nash Paper referenced in footnote 7.
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Nontheless, any air bag design should attempt to minimize the probability
of a child being injured, regardless of position, while maintaining the

large potential lifesaving benefits for children and other occupants.

In summary , the agency concludes that although air bags, on isolated
occasions, may cause injuries that may not have otherwise occurred, their
overall safety benefits far outweigh this chance occurrence. Air bags are

no different from other safety devices in this regard.

c. Cost of Dut-of-Position Technical Features

In many of the NHTSA studies, concepts have been evaluated that address:the
concern over out-of-position occupants. One method of addressing the
out-of position occupant problem is the use of a dual level inflation
system. The dual level system has two inflators; the main inflator is
fired at any speed above the threshold of 12 mph; the booster inflator only
at speeds above 30 mph. Another possibility is to sense an out-of-position
occupant with a switch in the seat or elsewhere that measures occupant size
or weight., If the seat is unoccupied or a child is out of position, then
the low level system will fire; if the seat is occupied, then the high
level system will actuate. It has been estimated that a seat switch would
add less than $10 to the total cost of an air bag system. Similarly, a
simple electronic device in the instrument panel can sense if an occupantl
is close and deploy the low inflation mode, etc. Further, many other

techniques are available to address this problem such as bag shape and

size, instrument panel contour, aspiration, inflation technique, etc.
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d. Summary and Conclusions

It is technically feasible to produce small car air bag systems, however,
these systems will require additional lead time to design and test to
assure a reduction in the potential for injury to out-of-position children.
The agency has already proposed several designs that appear to reduce the
out-of-position occupant problem. These techniqués, if adopted, will

require 2 to 5 years leadtime to bring to production feasibility
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and will result in some increase in air bag costs. The out-of-position
child problem would affect a small number that should become smaller as the

usage rates of child restraints continues to climb.

2. Sodium Azide - The Air Bag Solid Propellant

One of the main ingredients of the solid propellant used in the gas
generators of air bag systems is a compound primarily based on the
inorganic chemical sodium azide, NaN3. Sodium azide in its natural state
is a poisonous, colorless crystal, soluble in water and liquid ammonia,
which decomposes at 300 degrees centigrade. It is used in the
pharmaceutical industry, in herbicides and wood preservatives, and in

the intermediate manufacture of lead azide for the explosives industry.

The use of sodium azide as a solid propellant gas generant must not be

confused with its explosive applications. In the air bag system,

sodium azide, as a solid propellant hermetically sealed inside a steel or
aluminum cartridge, is ignited by the pressure and high temperature created
by the igniter charge. What occurs then is not an explosion, but a
programmed expansion of a predetermined amount of generated gases. Instead
of exploding, the pelletized solid propellant begins a relatively slow
(approximately 50 ms) burning process, generating non-toxic nitrogen gas
which in turn inflates the air bag. These characteristics are what makes

sodium azide ideally suited as an air bag gas generant,
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a. Background

Since the Environmental Impact Statement for FMVSS No. 208 was issued in
1977, a number of questions have been raised regarding the use of sodium
azide based gas generants in air bag systems. The issues of concern which
relate to the toxicity, including carcinogenicity, flammability and
disposition of the gas generants have been investigated by both the
industry and Federal government agencies. The primary industry
investigators include ford, General Motors (GM), the Motor Vehicle
Manufacturers Association (MVMA), Pittsburgh Plate Glass Industries, Inc.
(PPG), Thiokol, Battelle, Arthur D. Little, Automobile Dismantlers and
Recyclers of America (ADRA), and the Institute of Scrap Iron and Steel
(ISIS). Government agencies include the National Highway Traffic Safety
Administration (NHTSA), the Environmental Protection Agency (EPA), the
Occupantional Safety & Health Administration (0SHA) and the National

Institute of Health (NIH). The investigations have resulted in the
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resolution of most of the initial concerns.10 However, some issues
related to the final disposal of non-deployed air bags remain to be

resolved.

10 For a better understanding of the issues, investigations, research, and

conclusions reached by the various industries and government agenc1es, the
reader is referred to the following sources of information:

a. Talley Industries of Arizona, Inc., "The Facts About the Use of Sodium
Azide in Air Bag Inflators,: Sept. 1977.

b. Buckheit, B, and Fan, W., "Sodium Azide in Automotive Air Bags," NHTSA
report, draft March 1978, update Feb., 1981, by Milleron, M. and Stucki,
S.L.

c. Thiokol, "Sodium Azide Investigation Program -- Ford Motor Company,"
P.0. No. 47-2-594035-GM, May 1978.

d. Battelle Columbus Laboratories, "Gas Generants Research," report to
MVMA, Nov. 1978. ,

e. Arthur D. Little, Inc., "An Investigation of the Potential Human and
Environment Impacts Associated with Motor Vehicle Air Bag Restraint
Systems," report to MVMA, Dec. 1978.

f. Buckheit, B, and Fan, W., "Sodium Aizde -- The Federal Responsibility,"
SAE paper, June 1979.

g. Gratch, S. and McConnell, C, C., "The MVMA Gas Generants
Investigation," SAE paper, June 1979.

h. Herridge, J. T., "Selected Aspects of Gas Generants Research," SAE
paper, June 1979.

i, Partridge. L. J. and Young, S., "An Investigation of the Potential
Human Environment Impact Associated with Motor Vehicle Air Bag Restraint
Systems," SAE paper, June 1979.

Jj. Arthur D. Little, Inc., "Identification of Approaches for the Control
of Health, Environmental, and Safety Hazards Associated with Air Bag Use
and Disposal," August 1979, DOT HS-B05-184.
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b. Toxicitz

Sodium azide is classified as a Class B poison by the Materials Transpor-
tation Bureau under Title 49, CFR, Parts 100-199. The chemical is a
broad-spectrum, metabolic poison that interferes with oxidation enzymes and
inhibits nuclear phosphorylation. Phosphorylation is the process by which
chemical compounds are converted to phosphates. Although the effects of
these systems are complex, there is general agreement that the major effect
of exposure to this chemical is a profound reduction in blood pressure. An
oral dose of 0.014 mg/kg has a rapid hypotensive effect (i.e., it lowers
blood pressure) that persists for 10 to 15 minutes. When this dose was
administered to a group of patients with high blood pressure for a period
of up to two years, it produced a substantial lowering of blood pressure to

normal levels, without a noticeable side effect.1?
The toxicity of sodium azide has long been a controversial issue. In the
recent Public Hearings on FMVSS No. 208, a number of commentors raised the

toxicity argument. A brief discussion on the subject follows.

c. Acute Exposure

Data on humans are limited and are mainly from accident records.
Considerable information is available on acute toxicity of sodium azide in

animals. According to the Registry of Toxic Effects of Chemical Substance

"1 Dodge, C. H., "The Toxicity of Sodium Azide," Congressional Research
Service, unpublished report, 1977.
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(RTECS) published by NIOSH, the oral TDLo for sodium azide is 0.71 mg/kg.12
The definition for TDLo is the lowest dose of substance introduced by any
route, other than inhalation, over any period of time and reported to
produce any toxic effect in humans. According to the Registry, it takes at
least 70 mg of sodium azide for a 220 pound person, by oral administration,
to produce any serious toxic effect. However, when a researcher accidently
swallowed a 5 to 10 mg sodium azide tablet, it resulted in a substantial
lowering of blood pressure for 15 minutes, violent heart étimulation for 5
minutes, loss of consciousness for 10 minutes, followed by rapid recovery,!3
In another instance, a woman accidently drank 1.5 cc of 10 percent sodium
azide solution (150 mg). This 150 mg dose is three times the TDLo for an
average adult. In five minutes, she experienced nausea, diarrhea, violent
headache and other symptoms. Ten days later, she continued to feel weak

and dizzy.14

Based on the incidents cited above, the agency believes that toxic symptoms
can be expected for an oral dose lower than that noted in the Registry. The
agency believes such symptoms will occur at doses greater than 0.05 mg/kg

(3 mg for an average person).

The lethal dose of sodium azide has not been established officially for
humans. Based on actual experience, at least one person has survived a one

time dose of up to 150 mg. This figure is probably the maximum non-lethal

12 NIOSH, "Registry of Toxic Effects of Chemical Substances," Volume 3,

1981 -- 1982 issue.
13 Buckheit, B., and Fan, W., "Sodium Azide in Automotive Air Bags," NHTSA

report, draft March 1978, update Feb. 1981, by Milleron, M., and Stucki,
SOL.

14 canadian Industries Limited, "Toxicity of Azides," report prepared for
companies using sodium azide in lumber industry, unpublished.
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dose that has been recorded. Based on the available information, the low
lethal dose for an adult human is estimated to be 5 mg/kg.15 This implies
that sodium azide is probably not as toxic as some substances found in
common household materials, such as nicotine concentrate for use in

insecticides.

d. Long Term Exposure

Long term effects of sodium azide are not nearly as well known. However,
very mild toxic symptoms first appear when repeated exposure is in the
range of 0.01 mg/kg, and it appears that it would be desirable to limit
long term exposure to levels substantially less than 0.01 mg/kg. In acid
solution, sodium azide will hydrolyze to form hydrazoic acid which will
vaporize into air. Therefore, the hydrazoic acid concentration in air is
another problem of concern in the chemical or inflation manufacturing
facility or vehicle shredding facility. It is noted that RTECS recommends
a TCLo level of 0.3 ppm.'6 The definition for TCLo is the lowest
concentration of a substance in air which, having been exposed for any
given period of time, has introduced any toxic effect in humans. Although
there is no specific TCLo for sodium azide, this 0.3 ppm limit appears
appropriate for sodium azide dust concentration in air. Canadian Industries
Limited, a large manufacturer of sodium azide, suggests a soduim azide

concentration below 0.1 ppm for persons who perform heavy work because

15 "An Investigation of the Potential Human and Environmental Impacts
Associated with Motor Vehicle Air Bag Restraint Systems," prepared by
Arthur D, Little, Inc., for the MVMA, Dec. 1978, p.4~11, and Table 4-1,

16 NIOSH, "Registry of Toxic Effects of Chemical Substances,'" Volume 3, 1981 -

1982 issue.
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those people breathe three times more air than an ordinary person.17
Although OSHA does not have specific standards or requirements for sodium
azide, the American Conference of Governmental Industrial Hygienists18

has published a Threshold Limit Value (TLV) of 0.1 ppm. The TLV refers to
airborne concentrations of substances and represents conditions to which
nearly all workers may repeatedly be exposed day after day without adverse

effect.

The gas generant used in air bag inflators is pressed into various pellet
forms. Typically, a driver bag requires approximately 0.2 pounds (0.09kg)
of pellets, while a passenger bag needs two to four times that amount

depending upon the size of the vehicle.

Since the gas generant is hermetically sealed, the potential for motorists
being exposed to a critical dose of sodium azide is remote, It has been

noted that extremely low dosage exposure would be expected if the hermetic
seal failed, However, there does ﬁot appear to be a real concern on the
basis oflthe toxicity level because the results of the air bag effluent
analysis (see footnotes 10b and 10c¢) indicate that, with the advanced

filtering techniques, the concentration of sodium azide can be controlled

below the 0.1 ppm level.

17 canadian Industries Limited, "Tox1c1ty of Azides", report prepared for
companies using sodium 321de in lumber industry, unpublished.

8 ACGIH, "Threshold Limit Values for Chemical Substances and Physical Agents
in the Workroom Environment with Intended Changes for 1979."
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Sodium azide is known to be a potent mutagen in a number of plant species

and bacteria. However, the mutagenic effects on animal species and

cellular cultures are considerably less,?9 20 21 22 23 24 25 yo

mutagenic effects have been detected in tests of sodium azide and hydrogen

azide on cultures of human cells. Since the vast majority of mutagens are

carcinogens, of particular concern is the suggestion that sodium azide may

be

carcinogenic. In the past, several studies on carcinogenicity of sodium

azide in vivo were conducted. In each study, the results were negative or

at

least inconclusive.26 27 The most recent investigation at NIH by

Dr. Weisburger, shows that there is no indication that sodium azide is a

potent carcinogen.28 Dr. Weisburger's belief is that it is doubtful that

the chemical is carcinogenic at all in vivo because sodium azide is

19

20

21

22
23

24

25

26

27

28

Owais, W, M., Kleinhofs, A. and Nilan, R. A., "Effects of L-Cysteine and
O-Acetyl-L-Serine in the Synthesis and Mutagenicity of Azide metabolite,”
Mutation Research, 1980.

Kleinhofs, A., Owais, W. M. and Nilan, R. A., "Azide Mutation

Research, 55, 165-195, 1978. ,

Nilan, R. A., Klienhofs, A. and Konzak, R. A., "Nature and Mechanism of
Induction of Mutations," Annual Progress Report, Department of Energy,
DOE/EV/72002-5, October 1, 1981.

De Flora, A. and Boido, V., "Effect of Human Gastric Juice on the
Mutagenicity of Chemicals," Mutation Res., 77, 307-315, 1980.

Kamura, 0. P.1 and Gollapudi, B., "Mutagenic Effects of Sodium Azide in
Drosophila Melanogaster," Mutation Res., 66, 381-384, 1979,

Kleinhofs, A. et al," "Induction and Selection of Specific Gene Mutations
in Hordeum and Pisum,"” Mutation Research, 51, 29-53, 1978.

Jones, J. A, et al, "Toxicity and Mutagenicity of Sodium Azide in Mammalian
Cell Cultures," Mutation Research, 77, 293-299, 1980.

See footnote 10b for discussion of Carcinogenicity of sodium azide.

See the "Final Report on Gas Generants Research," by Battelle, Columbus
Laboratory, for the MVMA, November 30, 1978, p I-41, for discussion of
Carcinogenicity of sodium azide.

Weisburger, E. K., et al, "Carcinogenicity Tests of Certain Environmental

and Industrial Chemicals," NCI, Vol. 67, No. 1, July 1981.
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rapidly inactivated by the liver. This agrees with the results of
Professor Nilan's work that sodium azide is weakly mutagenic and is not
carcinogenic in mammalian systems due to the absence of metabolites in

humans.

e, Flammability

Sodium azide is technically not an explosive since it will not detonate. It
is a low energy pyrotechnic propellant possessing only one third the energy

of rifle powder and 1/30 that of gasoline. Moreover, sodium azide produces
nearly pure nitrogen gas (which is inert) when burned. The gas generant,

when properly formulated and hermetically sealed in air bag inflators, is

safe and stable.

The gas generants to be used in air bag inflators consist mainly of sodium

azide and oxidizers. Other chemicals are used as binders, coolants and

stabilizers. This chemical mixture is not explosive and cannot be
detonated even by a blasting cap. Therefore, the air bag inflators cannot
produce highly explosive results because the burning rate is controlled ahd
the sodium azide based gas generant has a low energy content. Therefore,
it is not likely that vandals and terrorists would choose the sodium azide
based gas generant as a weapon because powerful gun powder is available in
sporting goods stores. In addition, a simple Molotov cocktail made of a

bottle of gasoline and a rag is a much more powerful bomb.
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Possible abuses of air bag inflators were investigated by both Thiokol

and Battelle. The air bag inflator units have been tested for resistance
to shock by dropping them from a height of 12 feet and 40 feet onto a
steel plate and by impacting them with a bullet fired from a 30.06 rifle.
While the drop had no effect at all, the shock of the bullet was sufficient
to ignite the gas generant. In addition to these tests, the inflator units
were subjected to bonfire tests. The units would not ignite until the
temperature exceeded 700 degrees Fahrenheit. The units were also subjected
to drill and saw tests., The units would not ignite when the tests were
conducted at ambient temperature. In the tests at 212 degrees Fahrenheit,
one of the passenger units ignited when the saw cut into the squib
initiator (i.e.,, firing mechanism). During product developpent, an
inflator was placed in a burning bed of sawdust soaked with diesel fuel,
Ignition occurred after 11 minutes but no explosion occurred and the unit
did not fragment. The inflators are designed to produce a non-directional
thrust and remain intact when the gas generant burns.2? Therefore, the

air bag inflators are classified by DOT for transport purposes as a Class-C

explosive which makes them equivalent to such items as highway flares.

In acidic water, sodium azide will hydrolyze to form hydrazoic acid. Many
people think that hydrazoic acid, like hydrogen azide, is very unstable and
highly explosive. It must be pointed out that although both hydrogen azide

and hydrazoic acid have the same chemical formula-HN3, they have different

29 see the following three reports for a description of shock and burn tests:
Thiokol/Wasatch Division, "Sodium Azide Investigation Program -- Ford Motor
Company -- P,0, No. 47-2-594035 -- GM, "Final Report, Publication No, 7844,
May 26, 1978, and Battelle Columbus Laboratory, "Final Report on Gas
Generants Research," prepared for the Motor Vehicle Manufacturers
Association of the U.S., Inc., November 30, 1978, 2 vols.
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properties, Hydrogen azide is very unstable and highly explosive. When
this chemical dissolves in water, the aqueous solution is hydrazoic acid.
Hydrazoic acid is quite safe in dilute solution, but it may become
explosive in aqueous solution in concentrations from about 17-50% and
above. However, it requires more than two pounds of sodium azide per gallon
of water to make a 17 percent hydrazoic acid solution. Therefore,
hydrazoic acid, formed from sodium azide under the expected condition, is

not explosive.

f. Disposal of Sodium Azide

The use of the sodium azide based gas generant in air bag inflators has
aroused many controversial arguments over the final disposal phase. In
1978, the autémotive industry sponsored three studies (Ford-Thiokol,
MVMA-Battelle and Arthur D. Little, Inc.) to investigate these

problems.?0 NHTSA reviewed thése studies and with the help of comments
from the public, industry and other Federal agencies, concluded that
abandoned vehicles should not present a long term environmental problem,
but that potential problems associated with the disposal of air bag
equipped cars could surface in the auto recycling process. Basic concerns
to auto dismantlers and shredders are the potential hazardous exposure to
workers and toxic waste in land fills, The scrap melting industry fears
that a large amount of nitrogen emission during the melting process would
affect the steel quality and could damage melting furnaces. However, the
general consensus is that sodium azide should not pose any problems to é

facility and its surrounding environment when the working conditions are

30 See footnotes 10c, 10d, and 10e.




111-23

properly controlled. For instance, steel scraps can be pre-heated to burn
out sodium azide before feeding them into furnaces. This can be done by

directing the exhaust heat from furnaces to scrap loads.

In 1979, the agency contracted with Arthur D. Little, Inc., to study
possible solutions for these potential problems.3! A practical solution to
the recycling problem recommended by the study is to discharge air bégs at
the beginning of the recycling process. Simple and safe means do exist to
dispose of the sodium azide. The problem is to assure that the automotive
salvage industry becomes aware of these methods just as they pay special

attention to the disposal of gasoline tanks and batteries.

The agency has worked with the members of ADRA (Automobile Dismantlers and
Recyclers of America) and ISIS (Institute of Scrap Iron and Steel). They have
frequently expressed their concern about areas that have not been fully
explored regarding the disposal of sodium azide. They have stated that they
would support any practical means by which the safety of their workers can be
guaranteed. In 1979, ADRA urged that a remote triggering device, such as a
unique electric plug, be required on all vehicles equipped with air bag
restraints. This would enable the auto recycling industry to discharge the
air bag from a remote location rendering it nontoxic and harmless both to

the workers and to the environment. In November 1979, a remote triggering

method was demonstrated by NHTSA at the ADRA annual convention. The ADRA

31 vIdentification of Approaches for the Control of Health, Environmental, and
Safety Hazards Associated with Air Bag Use and Disposal," prepared for
NHTSA by Arthur D. Little, Inc., August 1979, DOT HS-805 184.



I111-24

Safety Committee agreed that the remote triggering device would alleviate
all but a small percentage of non-deployed inflators entering a shredder or

baler.32

Once again, both ADRA and ISIS expressed their concerns in the recent 7
Public Hearing on FMVSS No. 208. The ISIS indicates that the shredder is
the main consumer of auto hulks and thus the major generator of potential
sodium azide related problems, Shredders insist that non-deployed air bag
inflators be discharged early in the recycling process because they have no
way to conduct visual inspections for non-deployed inflators in flattened
auto hulks. Several approaches can be employed to solve this problem. One
approach is to utilize the Tagged Material Detector (Piezoelectric
resonator) techniques which enable the shredders to detect non-deployed
inflator modules in flattemed auto hulks prior to the shreddingAprocess.,An
alternative is to build in a self-ignition mechanism that will deploy
automatically during the shredding operation. Several self-ignition
techniques are available; however, this approach may require additional
research on hardware modifications. The ADRA wants to make sure that
passive restraint regulations do not compromise the safety of their
workers. Consequently, the ADRA recommends that the following items be

provided to auto dismantlers.,

1. A positive, discernible identification for air bag cars.

2. A unique device for remote triggering of air bag inflators.

32 parsons, B., Safety Committee Chairman, ADRA, Letters dated 11/13/79 and
12/4/79 to NHTSA Administrator Claybrook.
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3. Some financial incentives for discharging inflators prior to the

dismantling and recycling process.

The Breed Corporation is developing a retrofit driver air bag system.

The system consists of a modified inflator which includes a mechanical
sensing and actuation device. Therefore, the remote, electric triggering
method cannot be applied to this system. However, the application of heat,
mechanical impacts, or magnetic impulses to this system can cause the
deployment of the inflator module. Fortunately, many effective approaches
are available which involve the application of physical, mechanical,
chemical and electrical stimuli to deploy the retired air bag inflators ‘
(see footnote 10). Furthermore, the recycling industry may want to “
retrieve the air bag units since they can be easily installed and removed
and should have a reasonably high salvage value due to their self-contained
design. The proposed Breed units do not appear to pose any particular

problems in final disposal.

The sodium azide disposal problem can be better understood by analyzing the
magnitude of the problem. Let us assume that 50 percent of the cars
scrapped in the year 2000 would have air bag restraints using sodium azide
based gas generants, and a total of 10,000,000 cars would be scrapped
annually. Up to 93 percent of the cars originally equipped with air bags
would have non-deployed units when scrapped or abandoned. This 93 percent
rate includes cars scrapped immediately after accidents and cars retired
after normal use. The number of scrapped vehicles after air bag deployment
is 550,000 to 700,000, as shown and derived in Chapter VII (see p. VII-31).

This estimate is mainly for cost evaluation purposes and is based on the
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assumption that in the late 1990's, all cars will have air bag restrainté.
Also, we assume that at least 97 percent of the air bag systems in
scrapped cars would be discharged by auto dismantlers prior to final
disposal process. This 97 percent rate is actually lower than the rate at
which batteries, radiators and gasoline tanks are routinely removed prior
to shredding (See footnote 10b). A tagged material detector or financial

incentives could reduce this even further.

On average, each pair of air bag restraints will contain 0.8 pounds of gas
generant which is approximately half sodium azide. Based on the above
assumptions, about 139,500 cars (5,000,000 * 0.93 * 0.03) delivered to
shredders in 2000 would have non-deployed air bag inflators, and about 230
pounds of sodium azide would be released nationally each working day. This
amounts to less than one pound of sodium azide, or about two pairs of
undeployed inflators per shredder per working day. Although some big
shredders may have to handle as much as three times the average load, it is
still a very small quantity that can be controlled with proper management.
The above analysis is based on the assumption that half of cars have air '
bags using sodium azide based gas generants, which is neither being

required nor is likely to occur in the near future voluntarily.

The distribution and the fate of sodium azide in shredder facilities were
studied by both Thiokol and Battelle (see footnotes 10c and 10d). Thiokoi
shredded three cars consecutively with live air bag inflators which
contained a total of 2.3 pounds of sodium azide. The important results

were: (1) 60 percent of the sodium azide was burned or dispersed during

the shredding operation, (2) 30 percent was trapped in wholly or partially
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intact inflators, (3) the remaining was found in fluff, nonferrous scraps,
and scrubber water, and (4) sodium azide concentration in the air in some
areas exceeded the TClLo limit of 0.3 ppm. In the Battelle study, three
pairs of readily frangible, thin walled air bag inflators were shredded.
The results were: (1) about 60 percent of the sodium azide was burned or
dispersed, (2) only 1 percent was found in ferrous products, (3) the
remaining sodium azide was found in fluff, nonferrous concentrate and
scrubber water, and (4) no measureable amount of sodium azide was ejected
to the environment via the air discharge stack. However, the Battelle
study indicates that the test conducted by Thiokol is more realistic
because the production inflator hardwares were used for the test.
Therefore, the 10% distribution in the fluff and nonferrous concentrate and

the airborne sodium azide should be acknowledged.

Based on the above results, we can estimate that, since, on average, a
shredder would handle one pound of sodium azide per working day and 10
percent of this amount might be passed through the shredder, a shredder in
the year 2000 would dispose approximately 0.1 pound of sodium azide in land
fills per working day. Again, these values are based on the assumption
that half of cars have air bags using sodium azide based gas generants.
Sodium azide concentration in the air would not be a problem except for
some big shredders that should closely monitor locations near the scrubber
exhaust and the nonferrous product discharge areas. However, the
concentration in the air should not exceed the 0.3 ppm limit because it is
not likely that three consecutive cars with non-deployed inflators would be

shredded as simulated in the Thiokol and the Battelle tests. Although

sodium azide in nonferrous concentrate and in scrubber water could be
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exposed to lead, copper and other metal and in theory could form explosive
materials, this is unlikely to happen. For instance, cuprous azide can be
formed if copper metal is exposed to hydrazoic acid with the presence of
water and carbon dioxide. Also, sodium azide will form copper azide with
copper salts to the extent of the copper salts' solubility in water.
However, these chemical reactions occur in a controlled laboratory
condition and it is unlikely that metallic azides would form in significant
quantities in secrubber water or in nonferrous concentrate under an
unattended, natural condition. The agency believes there is no danger in
this regard because the pH value of scrubber water may inhibit the
formation of metallic azides, even if they do form concentrations they are
likely to be weak because the water is constantly circulated, and impacts
necessary to cause difficulties are unlikely in such a system. In
addition, copper azide is very unstable and must be concentrated to
detonate. Dilution with sodium azide-copper salts inhibits the

detonation.’>

Given the above disposal rate, high concentrations of sodium azide in land
fills are not likely because the chemical will decompose completely within
several weeks when exposed to the natural environment. In addition, in
acid solution, sodium azide will hydrolyze to form hydrazoic acid, which
will then either vaporize, auto-oxidize, or be broken down organically into

harmless substances if the condition exists.

33 Talley Industries of Arizona, Inc., "Use of Sodium Azide for Air Cushion
Inflators," unpublished report.
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In summary, some concerns may be associated with the disposal of sodium
azide, but these concerns appear resolvable and manageable. Control
strategies for disposal of vehicles should recognize that sodium azide is
not the only toxic chemical that may be present in vehicles. Efforts must
be made to protect workers and the environment from hazardous exposure to
other chemicals as well. It should be pointed out that the potential
hazards pertinent to the disposal of air bag inflators are similar to the
general problems that industrial workers must deal with daily and the
problem should be viewed in this larger context. Nevertheless, additional

work is now underway to further mitigate any potential hazards.

g. Conclusions

After reviewing all available information, the agency conclpdes

that the manufacture of sodium azide and the normal use of air bag
restraints would not pose any particular problems to motorists or the
community. The only areas of concern with the use of sodium azide based
gas generants are in the final disposal phase of cars with non-deployed air
bag inflators. The primary potential hazards associated with the disposal
of these cars are manifested within the automobile recycling operations.
Many controversial arguments were raised on the disposal issue. These
issues have been studied extensively and all indications are that the
magnitude of the potential problems is manageable. Importantly, both Ford
and GM indicated in the recent Public Hearings on FMVSS No. 208 that the
potential risks associated with the use of soduim azide based gas generants

in air bag inflators are manageable. In reviewing the NHTSA's draft
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Environmental Impact statement on "Alternative Proposals Concerning
Occupant Crash Protection," EPA has not identified any problems related to

their areas of expertise and jurisdiction.

With the help from the public, industry and other Federal agencies, the

agency (NHTSA) has drawn the following conclusions:

1. Several approaches could be employed to ensure that the non-deployed
inflator modules will deploy automatically during operations such as
shredding, shearing or baling, However, these approaches require
additional research on hardware modifications because current air bag
systems are designed to prevent inadvertent deployment. According to
estimates of A, D, Little, based on typical times needed for development of
automotive equipment, a minimum time of 2 years is required to assess
various new designs in order to ensure that the retired air bag systems can

be safely deployed during the shredding process without compromising the

reliability of the systems in normal use.

2. The results of a countermeasure analysis indicate that the risks
associated with air bag systems can be minimized by employing a series of
options at the beginning of recycling operations. The effective approaches
involve the application of physical, chemical, mechanical and electrical
stimuli to deploy the retired air bag systems. However, the use of a
12-volt dc source to deploy the system is the only approach that is
immediately available for application. NHTSA demonstrated this method at

the 1979 ADRA annual convention.
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3. It is recognized that the most effective approach for the safe disposal
of air bag inflators is to deploy those non-deployed inflator modules at
the beginning of the recycling phase. An optimal result can be anticipated
if the following items would be provided to auto dismantlers in cars

equipped with air bag restraints:

- A positive, discernible identification for air bag cars.

- Tagged Material Detectors.

- A unique device, such as special electric plugs, for remote triggering

mechanisms.

~ Some financial incentives for discharging inflators prior to the
dismantling and recycling process. Recently, ADRA is suggesting $15.00 per
car. ADRA is the one to discharge air bag restraints before the auto

recycling process.

4, The recently developed Breed retrofit. driver air bag system does not

pose any particular problems in the final disposal process.

5. The agency will continue, in consultation with EPA and OHSA, to work

with ADRA and 1SIS to resolve the issues,
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3. Automatic Restraint Product Liability

a. Sources of Potential Manufacturer Liability

A manufacturer's liability for product related injuries may arise from
instances in which the product failed to meet the manufacturer's own
specifications (manufacturing defects), from instances where the product
met all the manufacturer's specifications, but the design still did not
provide sufficient protection (design defects), and from instances where a
manufacturer did not warn purchasers of the dangers associated with the
product (failure to warn). Regardless of which theory of recovery (negli-
gence, warranty, or strict liability in tort) is used, the nature of a
manufacturer's liability for automatic restraint-related injuries is no
different from its current liability for injuries caused by manufacturing
or design defects in such existing vehicle features as fuel systems,
batteries, energy-absorbing steering assemblies, manual seat belts (most of

which have many of the same mechanisms as automatic belts), and braking

systems.

Several questions have been raised about a manufacturer's liability for
automatic restraint-related product liability claims. One basis for
possible liability involves the failure of the automatic restraint to
perform properly in a crash. In the case of an air bag, the alleged defect
could be the failure of the bag to deploy, or the premature, late or
improper deployment of the bag. In the case of an automatic belt, a

defective retractor could fail to lock up in a crash, or the belt could

break, However, the limited field experience of the current automatic
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restraint equipped fleet and laboratory tests have shown those systems to
be very reliable. Manufacturer statements to the docket also indicate that

their automatic restraints systems have performed as designed.

Another argument is that even if an automatic restraint functions as
intended, manufacturers and/or dealers may still be held liable for

any injuries that occur in the crash because of "unreasonable expectations"
about the performance of automatic restraints.>4 However, a manufacturer

is not absolutely liable for any crash related injuries associated with its
product. Thus, manufacturers have not been held liable in instances where
current manual belts have performed as intended, but an occupant still was .
injured.3> However, manufacturers have been found liable when it can be
demonstrated that a manufacturing or design defect caused a belt to break

during a crash, allowing the driver to be thrown from the car and killed,36

Another potential source of liability arises from a manufacturer's de-
cision, in the absence of a Federal mandate, not to install an automatic
restraint, During the public hearings, Mr. Stephen Teret, representing the
National Association for Public Health Policy, argued that:

If a reasonable means of protection is being denied to the motoring

public, that denial should lead to liability, even if the liability
can be imposed on each and every car manufacturer. People whose

34 submission of General Motors, December 19, 1983, p. 3. Docket
74-14-N32~1664.,

35 Hurt v. General Motors Corporation, 553 F.2d 1181 (8th Cir. 1977).

36 Engberg v. Ford Motor Co., 205 NW 2d 104 (5.D. 1973).
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crash injury would have been averted had the car been equipped with
an air bag can sue_the car manufacturer to recover the dollar value
of that injury.

Although, according to Teret, such product liability suits have been or are
about to be brought, the agency is not aware of any court that has adopted

this theory of liability as yet.

Another potential liability concern involves providing automatic

restraints for the driver and not for front seat passengers. The issue is
whether those passengers could bring suit against the manufacturer if they
were injured in a crash in which the driver was uninjured because of the ‘
automatic restraints. If driver only automatic restraints were mandated b;
Standard No. 208, manufacturers do not have an absolute defense against
such claims because section 108(c) of the National Traffic and Motor
Vehicle Safety Act provides, in effect, that compliance with a Federal
standard is not a defense to a civil liability suit. However, while
compliance with a Federal standard is not a defense, it is usually given
substantial weight by a court in determining whether a manufacturer has
acted reasonably. Therefore, the agency believes that the risk of

liability would be minimal.

Finally, one commenter raised the issue of spurious suits being filed. He
said that General Motors' experience with its 1973-1974 Air Cushion
Restraint System program was that there was a "tendency for those involved

in accidents in these ACRS cars to sue in any situation."38 The

37 Transcript of Public Hearing on Federal Motor Vehicle Safety Standard No.
38 208, Washington, D.C., December 5, 1983, p. 154.
Jack Ridenour, letter of June 4, 1984, Docket 74-14-N35-069.
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introduction of automatic restraints, as with the introduction of many new
products may be initially accompanied by a number of spurious suits.
However, because of the extensive crash testing and research done by
manufacturers on automatic restraints, compared to the testing done on most
new automotive products, manufacturers will be in a better than usual

position to defend against such suits.

b. Manufacturer Product Liability Costs

The most recent comprehensive review of product liability costs and
experiences of manufacturers available to the agency was conducted by thel
interagency task force on Product Liability chaired by the Department of .
Commerce. The final report of the task force shows that the autometive
industry, in compariscn to the other industries studied, is in a good
position with regard to product liability costs. The task force found that
between 1975 and 1976, the absolute number of automotive personal injury
product liability cases in Federal District Courts decreased and the
percentage of automotive personal injury product liability cases to all
personal injury product liability cases dropped from 18 percent to 13
percent.39 The interagency study also found that the average settlement and
judgment for product liability claims not only declined for the automotive
industry between 1972 and 1976, but declined at a much greater rate than

the average of all industries studied.40

39 Interagency Task Force on Product Liability, Final Report of the Legal
Study, Volume III, Table A, p. 10.

40 Interagency Task Force, Final Report of the Industry Study, Volume I, Table

1V-29, p. IV-56.
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An important finding of the task force was that the average product
liability insurance cost for companies represents somewhat less than one
percent of their gross sales.41 The report found that for the automotive
industry, the average cost per $1,000 of sales for comprehensive genefal
liability insurance (which provides coverage for a number of different
types of liability including product liability) is well below the average
for most industries and is at the average for industries with gross sales
exceeding $100 million. Where companies were able to report the proportion
of their insurance costs directly related to product liability coverage,
the report found that the average cost per $1,000 of sales for product

liability insurance for automotive firms is far below average.42

c. Availability of Product Liability Insurance

During prior rulemaking on Standard No. 208, insurance companies have

consistently stated that automatic restraints should decrease, not in-

crease, product liability claims and that insurance is available to cover
possible automatic restraint-related product liability claims.43 During
the current proceeding, insurers reiterated that position. For example, at
the Los Angeles public hearing, Allstate Insurance Group addressed the

potential of automatic restraints to reduce product liability claims and

41 Interagency Task Force, Final Report, p. III-3.
2 Interagency Task Force, Final Report of the Industry Study, Volume I, Table
Iv-I1I, p. IV-31, and Table IV-13, p. IV-34.
3 American Mutual Insurance Alliance letter of May 25, 1978, to Secretary
Adams, Docket 74-14-N8-188; American Insurance Association letter of
June 27, 1977, to Secretary Adams, Docket 74-14-N8-231.
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the availability and cost of manufacturer product liability insurance. Mr.
Donald Schaffer, Senior Vice President, Secretary, and General Counsel of
Allstate, testified that:

Our product liability people believe that the air bag equipped

cars, if you insure the total vehicle, will produce better ex-

perience than the non air bag cars because the air bag reliability

factors are much higher than anything on the car. Thez are much
higher than the brake failure rates or anything else. 4

Mr. Schaffer also testified that, at the time of Secretary Coleman's
proposed demonstration program, Allstate was Ford Motor Company's product
liability insurer and had informed Ford that there would be no increase in
its product liability insurance costs if Ford built an air bag fleet. He -
also testified that Allstate entered into a written agreement with General
Motors that "we would write all of their product liability cars in the
Coleman demonstration fleet at the same price they were getting from their
regular product liability insurer per unit for non air bag cars of the same

make and model year."45

The National Association of Independent Insurers (NAIl) also addressed the
product liability concerns raised by manufacturers and dealers. NAII said

that:

The potential for product liability suits is always present

for any manufacturer or seller of consumer goods. That threat is
present at the current time for anyone in the distribution chain,
We in the insurance industry expect that savings (not increased
costs) would accrue to manufacturers and dealers, as a result of

44 Transcript of the Public Hearing on Federal Motor Vehicle Safety Standard
45 No. 208, Los Angeles, CA, November 28, 1983, p. 60.
Los Angeles Public Hearing Transcript, p. 59-60.
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automatic crash protection systems being installed in all cars, as
lives are saved and injuries are reduced, thus reducing potential
litigation over safety deficiencies.

'd. Sources of Potential Dealer and Repair Shop Liability

During the public hearings and in written comments submitted to the docket,
individual dealers#’ and the National Automobile Dealers Association
(NADA) raised the issue of whether the use of automatic restraints will
increase a dealer's product liability costs. Likewise, the Automotive
Service Council of Michigan raised the issue of of the potential liability
of independent repair shops that would service automatic restraint equipped
vehicles.48 William C. Turnbull, President of NADA, testified that:

The reliability of passive restraint systems, particularly

air bags, has been a matter of grave concern to dealers and

consumers alike. No mass-produced product can ever be "fail-safe."

Components deteriorate due to passage of time, usage and climate.

There are reports of inadvertent air bag deployments in the past.

We fear that, with any widespread usage of air bags, incidences of

inadvertent deployments and system failure will occur, with perhaps

tragic consequences to vehicle occupants. In such cases, dealers
may be the innocent victims of product liability lawsuits.

The primary source of potential liability for both dealers and repair shops
arises from the servicing of a vehicle, If the vehicle is subsequently

involved in a crash and the automatic restraint system does not perform,

46 Docket submission of National Association of Independent Insurers,
December 19, 1983, Docket 74-14-N32-1672, answer to question three.

47 E.q., Statement of John J. Pohanka before the Public Hearing on Federal
Motor Vehicle Safety Standard No. 208, Washington, DC, December 7, 1983,
Docket 74-14-N33-131.

48 Transcript of Public Hearing on Federal Motar Vehicle Safety Standard No.
208, Overland Park, Kansas, December 2, 1983, pp. 334-340.

49 Statement of William C. Turnbull before the Public Hearing on Federal Motor

Vehicle Safety Standard No, 208, Washlngton, DC, December 5, 1983, p. 5,
Docket 74-14-N33-100.
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the dealer or the repair shop is potentially liable if it can be shown that
the cause of the failure is the result of the dealer's or repair shop's
negligent servicing of the vehicle. To minimize such problems, dealers and
repair shops will have to make sure that their service personnel are
adequately trained and institute appropriate quality control measures in
their service operations., Those training and quality control measures are
no different from actions a dealer or repair shop owner would have to take
any time a new device is installed on a vehicle. For example, if dealers
or repair shops do not properly train their service personnel about the new
computer control systems on vehicle engines, the faulty repair of the

system could lead to engine stalling and a possible accident.

If a dealer or repair shop is involved in a suit alleging both a design
defect and dealer or repair shop negligence, the dealer or repair shop has
the right to indemnification from the manufacturer for design or manufac-
turing related defects. Chrysler, Ford, and General Motors currently have
a program to indemnify their dealers in suits based on defects in the
design, and manufacture of their vehicles. According to NADA, at least
eight other vehicle manufacturers (Datsun, Fiat, Peugeot, Porsche-Audi,
Saab, Toyota, Volkswagen, and Volvo) also have similar product liability
indemnification programs for their dealers.”0 Dr. Willi Reidelbach of
Mercedes-Benz, which is currently marketing an air bag-equipped vehicle in
Europe and in the U.S., testified that he was not aware of any product

liability concerns expressed by Mercedes dealers over the system.51

50 Cars & Trucks, July 1978, p. 29.
1 Iranscript of Public Hearing on Federal Motor Vehicle Safety Standard No.

208, Washington, DC, December 7, 1983, p. 45,
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e. Conclusions

Based on its review of the product liability issues, the agency has
concluded that manufacturers and dealers do not face an increased risk of
liability because of the use of automatic restraints. In fact, the
installation of automatic restraints should decrease the number of product
liability claims. Many people previously injured or killed in crasheé

allegedly caused by vehicle manufacturing or design problems, such as

stalling engines, locking brakes, collapsing wheels, blown out tires and i

jamming throttles, will be protected by automatic restraints.

In addition, information provided by insurers indicates that product
liability insurance is available to cover the automatic restraint related
claims experienced by vehicle manufacturers. Also, the indemnification
programs offered by vehicle manufacturers may eliminate many of the product

liability problems faced by vehicle dealers as a result of factors beyond

their control. Both dealers and independent garages will have to ensure
that their repair personnel are adequately trained on servicing automatic
restraints and follow appropriate quality control measures in their service

operations to minimize product liability problems.

4. Breed Al)l Mechanical Air Bag System

The Breed Corporation of Lincoln Park, New Jersey, is developing an
all-mechanical air bag system in which the sensor is integral with the gas

generator, If this system proves to have production feasibility and

performs according to its design, it holds promise for increased
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reliability, simplicity and most importantly, substantially reduced cost.
The all mechanical modular Breed concept would potentially eliminate the
multiple up-front electric switch sensors, all wiring leading from the
sensors to both the diagnostic package and the gas generator, the steering
wheel slip ring, the electric squib, the auxiliary capacitor power supply
and the electronic diagnostic module of a conventional air bag system; (a
complete description of the system is included in Chapter VIII). Since
the entire unit, including sensors is located completely within the
occupant compartment, it should not be affected directly by the elements
and other hostile aspects of the automotive enviromnment such as road salt,

high underhood temperatures, etc.

Breed currently estimates the cost to comsumer of a driver air bag system
to be $47 and one for the driver and passenger to be $141 installed, based
upon an initial production rate of one million units annually. Other
annual production rate estimates submitted by Breed for the driver and one
passenger system were $199 for 100,000 production, $170 for 300 thousand
production, and $130 for 2,5 million production. Breed states that their
cost estimates have been independently verified by technical experts
familiar with auto industry practices, procedures and pricing mechanisms.
If this cost proves out through development, then this is a rather dramatic
reduction from the air bag system cost of $320, as currently estimated by
the agency. It should be pointed out, however, that the Breed estimate
does not include necessary vehicle modifications such as the knee bolster.

A preliminary agency cost estimate of a Breed system for driver only is $95
and one for the driver and one passenger is $206 at the million unit level,

~ (see Chapter VIII), Other agency annual production rate estimates of a
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Breed system for the driver and one passenger are $225 and $198 for
production volumes of 300 thousand and 2.5 million, respectively. These
estimates include vehicle modification costs and manufacturers' overhead

appropriate for purchased components.

While the Breed concept appears to be fundamentally sound, David Breed, the
company's research director, admits that the system still requires "a good
year" of research before it can be put into production.52 Allen Breed, the
company president, speaking at the December 6, 1983 public hearing in
Washington, stated that an accelerated program lasting 1 year and costing
an estimated $5 million, including equipping 10,000 vehicles with a driver
air bag, is necessary to prove and make ready for production the design ofv
the Breed Air Bag Module.?3 General Motors, Ford, and Mercedes-Benz aré all
interested in the concept and each company ié independently evaluating the
system in their labs. Mercedes-Benz has ordered two of the units for
testing but no test results have been released yet. Ford considers the
Breed concept "not yet fully developed . . . but worth exploring." GM is
interested in the concept, but has doubts about its ability to perform as
quickly as needed on pole impacts, such as a light pole or tree or some

other narrow, immovable object. GM is still evaluating the Breed system.

NHTSA is alsoc interested in evaluating the Breed system. The agency
recently awarded a contract for a two phase study of a driver only

all-mechanical air bag system. The first phase of this contract involves

52 “Fyge Firm Offers Idea on Air Bags" John E. Peterson, Detroit, Michigan
News, December 3, 1983. Company comments are taken from this artlcle.
TNVSS No. 208 Occupant Crash Protection Public Hearing, December 6, 1983,
p. 208.
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crash testing of tﬁree Ford LTD's at various impact speeds. The crash
testing is being supplemented with computer simulation. The object of this
first phase of the study is determination of product feasibility -- can the
all-mechanical system detect and actuate in sufficient time to protect the
driver while not being overly sensitive in low speed collisions? If the
limited crash testing and computer simulation confirm timely air bag
deployment and reveal no other problems, phase two will be implemented. Two
vehicles of different makes will be selected for air bag retrofit and will
be subjected to a series of fifty sled tests and eight full scale crash
tests. After completion of this development, Breed will be expected to
fabricate approximately 500 kits for retrofit on selected police fleets. A
complete evaluation of this test fleet is expected to answer some of the
questions concerning real world operation of these all-mechanical retrofit
type air bag systems. However, this effort is directed toward answering
the question of the practicability of the system for large cars. A
separate study would be required to determine the practicability of the
system for other classes of cars, especially small cars. Honda stated that
they had concluded that the all-mechanical system cannot be used in a small

car; however, no data were supplied in support of this conclusion.

Allen Breed recommended at the December 6 public meeting that the
Government require auto makers to design air bag cavities in steering
wheels and dashboards., According to Breed, if auto manufacturers agreed to
this design change, it would put air bags on the same par as radios that

are purchased separately for automobiles and placed in the cavity left for
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them by the manufacturer. Thus, car owners who prefer the additional crash
protection afforded by air bags could purchase a conforming Breed unit at

auto supply stores and install them in pre-~designed cavities.

In summary, an alternative to the conventional electro-mechanical air bag
system is under development and test results from industry and government
programs should be available at some future date. The most significant
feature of this new system is its projected lower cost compared to other
systems. Its most important drawback at this time is its lack of full
scale test and field data., Specifically, can the system detect a crash
early enough to actuate the system properly? Is the crash pulse sensed on
the steering column so different in various crash modes that the sensor
cannot be tuned properly? Will it be possible to design a passenger side
system and when could it be done? Can a steering wheel assembly be made to
accept and structurally maintain a retrofit air bag system but also provide

adequate occupant protection if no air bag is fitted in the cavity by the

owner? In addition to these technical questions is the question of
manufacturers' liability and willingness or desire to design into vehicles
a cavity for a retrofit air bag that could be manufactured by other

vendors.

These and other questions on the all-mechanical air bag system may be
answered by Breed research, GM, Ford, and Mercedes testing, and the agency
testing program. At this point, however, many questions remain. Until
these questions can be answered, the agency can not base its 208 decision

on this technology.
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B. Other Issues

1. Passive Interiors

a., Comments to the Docket

Modifying the design of vehicle interiors to offer increased occupant
protection through passive interiors was addressed by two commenters to the
docket. GM (Docket Comment No. 74-14-N32-1666 and 74-14-N35-D68A) cited
its Vehicle Safety Improvement Program (VSIP) results as an example of an
alternative technology that should be investigated. According to GM, the..
accelerated use of the computer in the design of GM vehicles has allowed
them to "build in" safety. The VSIP process has accelerated design

changes to improve vehicle structural integrity, the energy absorption

of vehicle interiors, steering columns, windshields, door

structures and latch mechanisms. GM proposed an additional‘compliance
option for Standard 208, namely, that unrestrained Hybrid II1 dummies not
exceed the existing injury criteria in a 25 mph frontal test, while dummies
using manual restraints pass a 30 mph test. This would allow for passive

interiors in combination with existing manual belt systems.

MCR Technology, Inc. (Docket Comment No. 74-14-N32-583) stated that "recent
research has shown that it is now possible to automatically protect
occupants by making minor modifications to vehicle interiors and pass the
FMVSS 208 injury criteria in compact or larger vehicles without the use of

restraints at all." MCR Technology suggests that the agency emphasize

public information, discovered through crash testing, about the degree of
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real world protection afforded unrestrained occupants so that people would
have some appreciation of the relative merit of unrestrained versus

restrained occupant protection.

Thus, these two docket comments intimate that passive interior design can
provide occupant protection without restraints, protection possibly
equivalent to that indicated by passing the 30 mph perpendicular barrier
test requirements of the current FMVSS 208 standard. GM provided data
showing that two of their production vehicles ~ the 1982 X-Car and the new
1984 Pontiac Fiero - when tested in the 30 mph barrier crash using the GM
Hybrid III test dummy and without the uselof seat belts or air bags,showed -
very favorable test results compared to the current standard's injury
criteria limits.’4 However, GM also stated that éven using its

dummy and assuming no test variability, it could not certify

to the 30 mph requirement. But they felt that a 25 mph

requirement for unrestrained dummies in combination with a 30 mph

requirement for dummies using manual restraints would be within their near
term capabilities and could result in safety benefits as great or greater

than those projected for the existing 208 standard.

b. GM Presentation on the Vehicle Safety Improvement Program

GM presented an overview and some detailed discussions of its Vehicle
Safety Improvement Program to the agency on January 26, 1984 and June 8,

1984, and supplemented them with their June 13, 1984, submission (Docket

54 GM Docket Comment 74-14-N32-1666, Appendix C, Figure 1 and Figure 2,
po 3_4- R
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74-14-N35-068A). GM stated that originally they had set a goal to reduce
total harm’? to occupants by a factor of 2 with various passive interior
projects. However, upon a closer review by GM's project managers involved
with the VSIP program, it was determined that 50 percent effectiveness was
not possible with vehicle changes alone because over 50 percent of the
accidents were not affected by these changes. A long-term goal of 25
percent total harm reduction in crashes was therefore established, with a
near term goal of approximately 12 percent. GM claims that the latter
would achieve benefits as great as a 35-40 percent level of automatic

restraint usage.

The VSIP strategy consists of making improvements to vehicle structures ééd
interior design and evaluating their effect. Improvements are contemplated
for the steering assembly, windshield, instrument p&nel, ete, Their{net
effect is evaluated by performing frontal crash tests with unrestrained
Hybrid III dummies at speeds such as 25 or 30 mph. Crash test resdits are
then equated to injury risk in highway accidents as follows: injuries
reported in the National Crash Severity Study which are due to occupant
contacts with frontal components are tabulated by Delta V and AIS severity
level, Next, GM hypothesizes that if the cars in NCSS were replaced with a
fleet that could meet the Standard 208 criteria, with unrestrained dummies
in 25 mph crash tests, then all of the AIS 2-6 frontal contact injuries in
the sub-25 mph crashes would be reduced in severity by one AIS level.

This, in turn, would reduce harm by 12.6 percent.

55 Harm is a concept put forth in SAE 820242, "A Search for Priorities in
Occupant Crash Protection," as the sum of injuries from vehicle points
contacted by injured body regions, weighted by societal costs per AIS
level.
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The agency can not accept GM's proposal for unrestrained occupant
protection at 25 mph as it cguld be a diminution of the potential benefits
expected with 30 mph automatic protection. However, the GM approach, which
is also the subject of agency research (see "Planning For Safety
Priorities, 1983 Safety Priorities Plan," NHTSA, April 1983, pgs. 129-140),
is to be encouraged. The agency believes that with adequate leadtime GM,
as well as other manufacturers, can develop 30 mph passive interiors. It
is also believed that such an approach is likely to be less costly than air
bags as well as less obtrusive than automatic belts, resulting in perhaps
greater public acceptability than those means of compliance. The Department
has structured its decision to help foster this, as well as other,

innovative technologies.

2. Test Procedures Repeatability

a. Background

Recently, the agency conducted the 35 mph frontal barrier crash
Repeatability Test Program (RTP). The RTP resulted from concerns over the
significance of New Car Assessment Program (NCAP) data derived from a
single crash test, The fundamental question to be addressed in the RTP was
the repeatability of crash test data, especially the dummy injury
measurements. The program consisted of four frontal barrier impacts of

1982 Chevrolet Citations at each of three different test sites, The
Citations were manufactured consecutively, on the same production line, in

the same assembly plant, in an attempt to achieve maximum possible vehicle
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uniformity. The agency test sites were Calspan Corporation, Buffalo, New
York; Dynamic Science, Inc., Phoenix, Arizona; and the Transportation

Research Center, East Liberty, Ohio.

The RTP was designed to assess the repeatability (can crash test results be
replicated at the same test site?) and reproducibility (can different test
sites produce the same crash test results?) of the dummy injury measures.
It was recognized that the RTP would not be able to identify and quantify

the sources of any repeatability or reproducibility variances.

Substantial engineering and statistical analysis of the RTP data has been
performed. These analyses provided information which led to changes in the
NCAP test procedure. The analyses also identified a number of research

programs to reduce crash test variability,

b. Docket Comments--Notice of Proposed Rulemaking Docket 74-14, Notice 32

Three automobile manufacturers and the Automobile Importers of America
(AIA) submitted comments to the docket referencing the RTP and/or
repeatability tests they have conducted. AIA questioned the adequacy of
the test dummies, specifically the alleged imprecision with which the dummy
will record when compared to a real-world human response to the same
trauma. They also claimed that the limitations of the dummy are more
apparent when used with a belt restraint system, as compared to an air bag

restraint system,
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Ford Motor Company (Ford) stated that repeatability crash testing provides
sound data which demonstrates that the results obtained from a single crash
test are influenced by the large variability which remains undefinable and
uncontrollable. Ford also reported the conclusions from its repeatability
testing of thirty-three 1972 Mercury air bag equipped vehicles, which
underwent 30 mph frontal barrier impacts. The objective of their program
was to determine variability among Part 572 test dummies, test sites and
crash tests themselves. Ford concluded that: (1) there was a great amount
of variability in the test results; (2) the largest source of differences
in the test results was due to test-to-test variability; (3) the
variability in the results due to the dummy is small for HIC measurements,
and nil for chest g's and femur load measurements; and (4) the considerable
variation in test results suggests that there may be limited confidence in

meeting the performance criteria of a standard.

General Motors Corporation (GM) stated that the Safety Act requires that
standards issued by NHTSA should be practicable, i.e., capable of being
used, and therefore a standard which is based on test procedures which do
not assure repeatable results is not practicable. Furthermore, to be
practicable, repeatable test results must be attainable from test methods
which are identical, or which differ only in minor detail. GM also
mentioned the Paccar decision on FMVSS No. 121, wherein the Court concluded
that "Manufacturers are entitled to testing criteria that they can rely
upon with certainty." GM cited the Repeatability Test Program's results
which indicated a significant coefficient of variation (COV) of 21 percenf

and noted that the testing was based on FMVSS No. 208 criteria. They also

referenced the Uniform Tire Quality Grading Standard (UTQGS), in which the
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treadwear grading was suspended, and pointed out that it had a COV of only
5 percent. GM's conclusion was that the FMVSS No. 208 compliance tests are
subject to significantly more variation than the UTQGS treadwear tests, and
therefore, would appear to be even more unacceptable. (The suspension of
the treadwear grading requirements were subsequently overturned by a court
decision, in which the court stated that the variability in UTQGS was
insufficient to rescind the standard). GM stated that the need to consider
experimental data in establishing safety standards is specifically set
forth in the Safety Act. Finally, GM stated that vehicle (crash) testing
can be instructional in establishing directional correctness of design

changes under consideration.

Volkswagen of American (VWOA) stated that the current test procedure is
simply not appropriate, particularly for the testing of vehicles equipped

with seat belts.

In their comments, GM and VWOA reflected the belief that the test
procedures are the cause for much of the variability which exists in the
RTP results., AIA questions the adequacy of the test dummy. Ford stated
that the variability due to the test dummy is small; however, they believe
the reasons for the variability are undefinable and uncontrollable. In
summary, the industry suggested different reasons for test result

variability, those being the test dummy, the test procedure, or unknown.

It is important to note that in their comments to the NPRM, the industry,

except for GM, Ford, and Volvo, provided little data to demonstrate that

the test vehicle was not a significant cause of the variability of the
results.
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c. Docket Comments -- Supplementary Notice of Proposed Rulemaking {SNPRM)

74-14, Notice 35

In the SNPRM, repeatability was included in the general topic of "Test
Procedures." Fourteen automgbile manufacturers and four private
organizations referenced the RTP and/or repeatability testing.
Specifically, the SNPRM requested comments on: a) the relevance of the RTP
results (35 mph) to FMVSS 208 compliance tests (30 mph); and (b) the

applicability of the RTP Citation results to all other vehicles.

Ford Motor Company (Ford)

Ford stated that the variability observed in the RTP would be expected in
all vehicle models. They based this statement on driver HIC data from
three repeatability test programs; Citation (RTP), Volve, and Mercury., In
discussing test procedures, Ford questioned the repeatability of the tgst
dummy. They believe that NHTSA has not incorporated results of the
proposed repeatability research programs and are projecting conclusions
prior to the completion of research it initiated to resolve the variability
issues. They know of no data which prove that changes in the NCAP test
procedure will reduce the variability of the test results. Ford believes
that the test dummy and test procedure contribute to the high level of
variability, and, in fact, stated that it is irreducible, They stated that

the current coefficient of variation in the barrier crash test measurement
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is 21 percent., They also referred to the Part 572 dummy as the "rubber
yardstick" that can be stretched or compressed at the whim of the measurer.
Ford concluded, based on calculation of Mercury, Citation and Volvo
repeatability results, that there is a large and unacceptable'amount of

variability no matter what type of vehicle is crash tested.

In discussing test procedures, other commenters mentioned the subject of

repeatability.

American Motors Corporation (AMC)

AMC believes "the agency must modify the test procedure to increase
repeatability before any automatic restraint portion of FMVSS 208 is
adopted". Because the proposed modifications to the test procedure were
minor, AMC does not expect them to reduce the variability. They stated
that tests have shown that a slight change in the placement of the
passenger right foot or a slight revision in the method of applying the
force used in positioning the upper torso of the dummy in the seat produces

significant differences in HIC as shown in the RTP data.

They stated that it is "unrealistic to believe that dummy placement
procedures will have any significant affect in eliminating test
variability" since there are other variables (belt tension and actual dummy

position just prior to impact) that are not controlled.
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AMC finds that the test procedures for the automatic restraint portion of
the standard do not meet the criteria of "practicable" and "objective",
which is sgpported by NHTSA's and GM's repeatability crash test results. If
the agency continues to use the revised test procedure then, AMC would have
to "overdesign" to a level that approximates half the specified injury

criteria values.

Chrysler Corporation

Chrysler stated that the range of the results of the RTP demonstrate

that the procedures are not "capable of producing identical results" and
are not "practicable" within the meaning of two previous court decisions.
They stated that "the test procedures measure the ability of the

manufacturer to conduct the test and not the restraint system performance".

Chrysler stated that "a major source of non-repeatability is the inherent
crash variability of the vehicle itself" and, therefore, "NHTSA must design
a test which, when vehicle crash-to-crash variability is considered, will

produce repeatable results".

General Motors Corporation (GM)

GM does not agree that the proposed test procedure modification will
provide a reasonable range of test variability. They cite that the changes
were used in NHTSA's RTP with little improvement in variability. GM stated
that, based on sled tests, a major portion of the variability in the RTP

was test related, not vehicle related. GM states that "vehicle
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variability is a fact of life and cannot be dismissed as a manufacturer's

concern". GM argues that vehicle variability impacts the practicality of
any safety standard. Additionally, "design compensations to overcome the

effects of variability can be contrary to the need for safety".

BL Technology Ltd.(BL)

BL does not believe the subject of test procedures is "supremely important"
for discussion and, since it is so invelved, it would require a period of

longer than 30 days to comment.

BMW of North America, Inc. (BMW)

BMW states only that there are a "number of reproducibility problems
regarding HIC". BMW also states that "our experience is that impacts of 30
degrees impose less severe forces on dummies and increase testing

variables."

Honda

Honda believes the test procedure for NCAP is "inadequate and many things
need to be improved with regard to repeatability". Details will be

supplied later (by Honda).
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Mazda North America, Inc, (Mazda)

Mazda recommended conducting a repeatability program testing a subcompact
vehicle to examine the variability of the test results. They recommended
performing an analysis of the impact of the proposed modifications of the

test procedure to examine the variability issue.

Mercedes-Benz (M-B)

M-B stated that neither the Hybrid II nor Hybrid III permit repeatable
compliance test results. They believe that the "design to conform" as

practiced in FMVSS 108 is a solution to this problem and should be adopted.

Nissan Motor Company, Ltd. (Nissan)

Nissan believes that "the ability to demonstrate repeatability of the
injury criteria is the key point in NHTSA's vehicle assessment testing'
program”, They stated that the NCAP test result variability from the 1982
and 1984 Nissan Stanza was due to varied dummy positioning. Maintaining
the same relative dummy position is difficult and Nissan recommends using
the same dummy-to-vehicle interior dimensions for the same car models
tested, They also proposed positioning the shoulder belt to design
measurements submitted by the manufacturers. They recommended positioning
the seat in a track position which accurately represents real world usage
as opposed to the specified mid-seat track position in the procedure. 1If a
car model has limited interior size, then the seat should be placed in the

"rearmost position",
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Peugeot/U.S. Technical Research Company (Peugeat)

Peugeot states that "a manufacturer can but reluctantly accept as valid

a test procedure which produces a coefficient of variation of 21 percent
with substantially similar vehicles. Vehicle likeness will remain what it
is and as long as the variability of parameters (test procedures, dummy,
measuring method) which are responsible for such variations are not
mastered, the requested level of performance should be raised by the amount

of variations".

Peugeot further states that "the current Hybrid II dummy is one cause of
variability, and consequently it cannot be said to meet the statutory

criteria. Nevertheless, in the present situation and considering that it
is absolutely necessary for manufacturers to dispose of a reference, even

questionable, it must be maintained and imposed".

Renault USA, Inc, (Renault)

Renault believes the coefficient of variation "must not exceed a
maximum of 10%" for crash test results. If the coefficient remains at 21%,
"the admissible limits for HIC should be increased by 63% or else the

manufacturer is to anticipate an overdesign of 63%".
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Toyota Motor Corporation (Toyota)

Toyota believes that major problems exist in the test procedure, such as,

influence of the Part 572 dummy on crash results, unresolved electronic
measurement problems, incompleteness of the proposed modified test
procedures, and exclusion of data points from the statistical analysis of

the RTP without an explanation.

Volkswagen of America, Inc. (VW)

VW stated that the RTP demonstrated variability "was much too high to yield
an acceptable certification procedure". VW stated that they have "no
confidence that the changes in the modified test procedure will cause a
significant reduction in the test variability" or that "those changes will
solve the problem.” VW alleged that the manufacturers must "overdesign"
the system only for the purpose of compensating for deficiencies in the

compliance test procedure.

Volvo North American Car Operations (Volvo)

Volvo disagreed that after certain modifications to the NCAP test
procedures, the "remaining test variability would be due largely to
vehicle~-to-vehicle differences". They agreed that the modifications to the
procedure were a step in the right direction. They stated that the total
random error in a crash test includes: (a) vehicle-to-vehicle parameters;
(b) test procedure related parameters; (c) dummy related parameters; (d)

electronic parameters; and (e) data processing.
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They believe that the modifications to the NCAP procedures only address
some of the parameters which influence that procedure. The parameters
which influence the dummy, electronic data gathering and data processing

have not been addressed at all.

They stated that the present procedure allows a large degree of
subjectivity in attaching and routing seat belts, knowing that the seat
belt geometry is of great importance to the variability of the test
results. Volvo recommended checking the placement and installation of the
same dummy in the same vehicle at various laboratories to determine

differences in seating locations.

They also questioned the unreliability in the signals obtained from
accelerometers and believe that there are cases where disturbed signals are
not discovered because they do not appear as "obviously abnormal". In
addit ion, data filtering can causé variability. Volvo also provided data
from 10 sled tests which demonstrated a scatter of data about the mean HIC

of 466. The coefficient of variation for the sled tests was 12.5%.

Allstate Insurance Company (Allstate)

Allstate questioned the great concern about minute details of the test
procedure for automatic restraints, when there are no dynamic crash test
requirements or injury prevention criteria for present manual belts. They
believe the answer is to move to automatic crash data protection with test

procedures based on present knowledge and data, and update them as more
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data and experience become available. They stated that in the case of

Public Citizen vs. Steed, the D.C. Court of Appeals cited the case of

Goodrich vs DOT for the proposition that "no test procedures...are going

to approach perfection".

The D.C. Court went on to say "NHTSA's approach to fulfilling an undisputed
statutory mandate is to withhold any regulation until every i is dotted and
t is crossed. That is not what Congress commanded the agency to do, nor is
it reasonable behavior by an agency established to execute policy, rather
than achieve quantitative perfection in its execution". Allstate claimed
"it would be the height of absurdity to refuse to implement a passive
restraint standard because of concern over minor test details, when such
action would leave us with a manual belt system and no test procedure

whatsoever,"

Motor Vehicle Manufacturers Association {MVMA)

MVMA stated that before action is taken to incorporate the modified NCAP
procedure into FMVSS 208, NHTSA must provide additional technical data
supporting variability reduction for improved test procedure practicability

and objectivity. They stated that proposed changes to the test procedure
were used in the RTP, and that the variability in the test results was

unacceptably high.
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Insurance Institute for Highway Safety (IIHS)

IIHS discussed the need to retain the 1000 HIC number. They state that all
regulations which specify a value which can not be exceeded involve
overdesign. Thus, overdesign is not only reasonable, but is a standard
industry practice. They also stated that the degree of vehicle overdesign

needed to meet a HIC of 1000 is "easily achievable."

State Farm Mutual Automobile Insurance Co. (State Farm)

State Farm stated that NCAP tests at 35 mph involve 36% more force than
crash tests at 30 mph, the speed required under FMVYSS 208. The reduced
speed "should result in less variability and fewer cars with HIC levels
over 1000". They cited a recent decision by the Court of Appeals for the

District of Columbia in Public Citizen v, Steed which held that "the

variability in the tire quality grading program was insufficient to
justify the recisson of that standard". Also, they believe that nothing

in the NCAP should alter rulemaking in FMVSS 208.

d. Discussion

With respect to repeatability, the comments to the SNPRM provided little
new information or analyses beyond what was submitted to the NPRM. It
should be noted, however, that in Ford's analysis of the Citation, Volvo,
and Mercury repeatability crash test results, Ford provided no data to
support their claim that the variability in dummy injury criteria for each

data set was essentially the same. The agency does not agree with Ford's
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approach of combining two different data sets of Volvo crash test results.
In discussions with the agency, Volvo said they could not confirm that
MIRA, the other conductor of Volvo crash tests, had followed the NCAP test
procedures. Thus, without this assurance, treating the two data sets as
one is unfounded. Additionally, the agency is not aware of any rationale

whereby statistical measures of variability (be they standard deviations or

coefficients of variation) derived from a single model vehicle at a single

test speed can be assumed to be directly applicable to all other model

vehicles and at a different test speed. Ford, in its comments to the
SNPRM, used a "scaling" factor to change the standard deviation obtained in
30 mph crash tests to one for 35 mph tests, Although Ford did not explain
what its "scaling" factor was nor how it was derived, it supports the
agency's argument that statistical variations of injury

prevention/measurements can not be made across test speeds.

The agency recognizes that a certain level of variability exists in dummy
test results and has acknowledged its efforts to identify, quantify, and,
where possible, reduce the amount of variability., It should be noted that
some variability would exist in all areas of testing performed by the

agency or by the manufacturers, from research and development tests to NCAP :

tests, and from component tests to full-scale vehicle tests,

Engineering analysis of the RTP data identified four components of
variability in dummy injury measurements -- the test site, the test dummy,

the test procedures, and the test vehicle.
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The results of previous studies of both dummy testing and test site
instrumentation provide an indication of the amount of variability which
may be due to each of these components. A test site instrumentation study
indicated that, at some test sites, instrumentation differences could
produce as much as 10 percent variation in HIC values. Regarding dummy
testing, GM and Ford differ in their NPRM submittals. Ford stated that,
based on their 33 air bag car crash program, the variability in results due
to dummies is small for HIC measurements, and nil for chest g's and femur
load measurements. Renault, in comments to the SNPRM, agreed that the
dummy is "not the major cause of dispersion in the results." GM observed
variability when they conducted sled tests utilizing belted dummies.
However, they were not able to isolate the dummy variables from system
variables, They also claimed that the dummy is inappropriately sensitive
to belt testing and they are not confident that current dummies can

accurately demonstrate belt restraint effectiveness.

As a result of the RTP, the agency has instituted a number of improvements
to the NCAP test procedures. Additionally, a research program has been

defined which will attempt to identify and reduce causes of variation

in crash testing.

The RTP analysis indicates that the vehicle is a major contributor’6 to
variability, as evidenced by the significant differences observed in the

structural/occupant compartment behavior in the RTP crash tests.

56 See 'Analysis of NHTSA's Crash Test Repeatability Program," John M. Machey,
October 12, 1983.
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Engineering analyses of the RTP indicate that these differences in vehicle
behavior have a significant effect on the dummy measurements, particularly
the driver dummy. There are many vehicle components that varied when
comparing all the vehicles in the RTP; e.g., steering column movement, belt
spoolout, structural member bending, and passenger compartment floor pan

buckling, all of which can contribute to varied dummy response results.
Specific examples are:

o The steering column angles were measured and varied from 21.5 degrees to

23.5 degrees.

o The dynamic crush ranged from 27.5 inches to 32.0 inches and the

permanent crush varied from 22.7 inches to 24.5 inches.

o An examination of a structural component, the engine cradle member,
revealed that different load paths developed during the crash event. In 10
out of 12 vehicles, the left member buckled at the engine cradle member

cutout, whereas, on the right side, only 6 out of 12 buckled at the cutout.

0 .Because of the range of driver HIC's that were recorded, and realizing
the importance of the steering column location at the time of driver
contact, the steering column assembly motion was analyzed photographically
and its motion recorded in the X-Z plan. Figures 1 through 3 graphically
demonstrate the movement of the steering column from the onset of the
crash (barrier contact) to the time of dummy contact with either the

steering wheel hub or rim.
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o The driver and passenger HIC were examined separately. For the passenger,
less variability could be expected because no steering column is present to
influence dummy injury measurements. The pooled standard deviation for‘the
passenger HIC was 77 and the coefficient of variation (CV) was 11%;
approximately 50% less than the CV of 217% for the driver HIC. The average
passenger HIC ranged from 659 to 704 between laboratories and the average

driver HIC ranged from 596 to 699,

The irregular motion of the steering column and its location at the time of
dummy impact vastly affects the point and duration of contact of the driver
dummy's head with the steering wheel hub or rim and the velocity at which the
driver is moving forward. Obviously, this affects the resultant HIC. The
agency is conducting research on methods of reducing test variability due to
test site, test dummy, and test procedures; Clearly, however, it is the
manufacturers' responsibility to account for any test variability which may
be attributable to the test vehicle, and provide accordingly for adequate

allowances in the test criteria through design of the vehicle.

In comparing the Volvo (4 tests of the 1983 Volvo 760 GLE) and Citation data,
(Table 1II-6) it is evident that the Volvo data is a data set with lower

standard deviation than the Citation data.
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Table III-6

1982 Chevrolet Citation 1983 Volvo 760 GLE

‘Driver Fassenger Driver Passenger
Mean HIC 655 694 898 731
Standard '
Deviation 137 77 71 27

The agency tested a 1983 Volvo 760 in the 1983 NCAP and the driver and
passenger HIC's were 791 and 778, respectively. It should be noted that
the Volvo is a front engine, rear wheel drive vehicle, and the Citation is
a front engine, front wheel drive vehicle. The Citation experienced floor
deformation in the passenger compartment, whereas the Volvo's floor pan was

not buckled.

Another issue concerns the variation in test results at various crash
speeds. The above discussion concerns 35 mph frontal tests, whereas FMVSS
No. 208 would utilize a 30 mph test speed. An analysis of some 30 mph

frontal barrier crash data shown in Table III-7 illustrates means and

standard.
Table I1I-7
Driver HIC Passenger HIC
Standard Standard Number of
Vehicle Mean Deviation Mean Deviation Cars Tested
1972 Mercury, Air 478 84 451 72 15
Bags
1974-75 General 418 98 362 101 9
Motors Air Bags
1975 VW Rabbit, 917 218 503 177 6

Passive Belts
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deviations greater and less than the Citation data. The large standard
deviation in the 1975 VW Rabbit tests for driver HIC appears due to the
fact that the vehicles were not identical (four had non-collapsible
steering columns);the ambient temperature of the dummies varied by 40°;
and two of the vehicles were purchased as used cars, whose previous damage
history was unknown. Although these results do not demonstrate that test
speed has a more significant effect on variability than the other
components mentioned previously, one would expect greater variability at
higher speeds due to exceeding the strength of certain structural members.
More importantly, regardless of variability, if the mean is sufficiently
low then no problem or burden exists. For instance, if the mean is 500 for
HIC, then a +20 percent COV is irrelevant to a manufacturer for assuring

compliance, as its vehicle will clearly always be below the 1000 threshold.

The important statistical factor to compare is the standard deviation,
which represents the variation in the data. The results for HIC obviously
demonstrate greater variation from one vehicle to another. The test
procedures, dummies, and instrumentation were similar in all tests;
however, the major difference in each series is the test vehicle. It is

not possible, however, to quantify the vehicle variability.

The claims made in a number of NPRM docket submissions concerning the
coefficient of variation in the RTP/NCAP and the Uniform Tire Quality
Grading System (UTQGS) are not relevant to FMVSS No. 208. (Since the

closing of the docket for the NPRM the courts have overturned the
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57
suspension of the treadwear part of UTQGS.) The NCAP and

UTQGS are consumer information programs which provide relative performance
data to the public to aid in their purchasing decision. As a result, the
amount of variations among vehicles in the published data provide

information to those interested in determining the usefulness of comparing

one vehicle's data to another.

FMVSS No. 208, on the other hand, is a minimum performance standard, and as
such, it entails the design of a vehicle which will satisfy the test
criterion. In other words, it is a measure of compliance, not a continuous
rating scale, Thus, if a manufacturer knows that the variability of a
particular make/model is "X" percent, then that manufacturer must design
the vehicle to meet the FMVSS' performance criterion by making appropriate -

allowance for such variances,

Several commenters to the SNPRM state that there is inherent variability in

vehicle crash test behavior, dummy behavior, and the test procedures.
However, they claim it inappropriate to require the manufacturer to
overdesign to all sources of variability. It is the agency's view that it
is normal design practice (i.e., it is not "overdesign") for a manufacturer
to accounf, in the vehicle's design, for yariation in any

case where a specific test value must be met. The question is whether the

cost and difficulty of the design make it "practicable."

57 public Citizen vs. Steed, District of Columbia Circuit, Case No. 83-1327
(April 24, 1984).
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fFigures I11-4 and 5 summarize the trend of driver and passenger HIC values
from NCAP tests of passenger cars from 1979 through 1984 to daie. For 1983
and 1984, the mean HIC values are below 1000. It should be noted that
these mean values include a number of vehicles with HIC values of 2000 or
greater, This is quite remarkable considering that the NCAP tests are
approximately 36% more severe®8 than the 30 mph FMVSS 208 tests injury
criteria. Further, these vehicles are equipped with conventional manual
belts, Trends in NCAP test results for chest g's (See Figure III-6) and
femur loads have also been downward. Since the program's inception, the
mean chest g's have been below 60, Also since 1981, over 90% of the
dummies in NCAP test vehicles have had chest measurements under 60 g's. In
the entire NCAP, only five femur measurements have- exceeded 2,250 pounds.
Tests run with air bags show much lower absolute HIC values (generally
about 400-500) and the levels of variation shown, even in the higher speed
NCAP program, appear to generally pose no compliance problem (compliance is
based on a HIC of 1000), That is, extraordinary quality control or
overdesign (and subsequent higher costs of production) are unnecessary to
assure compliance, It thus appears that manufacturers have considerable
flexibility for insuring that a vehicle would comply with a mandated 30 mph

requirement.

58 Crash severity is related to energy which a crashing vehicle is forced to
absorb. Since energy is a function of the square of velocity, the 35 mph
NCAP test is approximately 36% more severe than the 30 mph FMVSS 208 test:
[(35)2-(30)21/(30)2=.36.
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1V. EFFECTIVENESS

Safety benefits are a function of both the usage of a restraint system and the
effectiveness of the system when used. Effectiveness of an occupant restraint
system is expressed as a percentage reduction in injuries or deaths for a
restrained occupant when compared to the situation when an occupant is
unrestrained., This section of the analysis considers the fatality and injury
reduction potential of occupant restraint systems used in the front seating
positions of passenger automobiles. The systems considered are present manual
belts (both lap belts and lap/shoulder belts), automatic belts, (both
two-point and three-point), air bags alone, air bags with lap belts, and air

bags with lap/shoulder belts.

After issuance of the NPRM (October 19, 1983), the agency assembled a task
force of NHTSA experts to analyze the available system effectiveness data for
the various restraint systems and to develop estimates of effectiveness to be
used in this FRIA, Table IV-1 shows the results of the work of this task

force; the rationale behind each of these estimates is presented subsequently.
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TABLE IV-1

SUMMARY OF EFFECTIVENESS ESTIMATES

Manual ' Air Bag
Lap/ Air Bag With Lap/
Manual Shoulder Automatic Air Bag With Shoulder
Lap Belt Belt Belt Alone Lap Belt Belt
Fatalities 30-40 40-50 35-50 20-40 40-50 45-55
AIS 2-5 25-35 45-55 40-55 25-45 45-55 50-60
Injuries
AIS 1 10 10 10 10 10 10
Injuries

NOTE: A knee restraint is assumed to be an integral part of all air bag

systems and some automatic belt systems.

Abbreviated Injury Scale

The severity of injuries is expressed in terms of the Abbreviated Injury Scale
(AIS). The scale used in this analysis is based on the following AIS 1976

definitions:
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AIS INJURY LEVEL

0 No injury

1 Minor (e.g., simple cuts or bruises)
2 Moderate (e.g., simple fracture)

3 Serious (e.g., compound fracture or

dislocated major joints)

4 Severe (e.g., amputated limbs, depressed
skull fracture, survivable organ
injuries)

5 Critical (e.g., major spinal cord injury,
critical organ injuries)

6 Maximum, currently untreatable

While virtually all AIS 6 injuries and over 50% of all AIS 5 injuries result
in fatalities, it is not unusual for an AIS 3-4 injury to result in a fatality
to an elderly person or a person with special medical problems. Throughout
this report, fatalities will be considered separately from the non-fatal AIS

1-5 injuries.

A. Manual Lap and Lap/Shoulder Belts

Table IV-2 presents an analysis of data available in the National Crash
Severity Stﬁdy (NCSS), the 1979 to 1982 National Accident Sampling System
(NASS), and a study called NCSS-NASS. NCSS-NASS was a special study by the
NCSS teams using the NASS forms; it was collected between April 1979 and March

1980, These three sources of data are combined and shown in the table as
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NCSS/NASS. Table IV-2 also presents data from an earlier study, the Restraint

System Evaluation Project (RSEP)!. Combining these data results in a

reasonably large sample of accidents from which effectiveness estimates can be

determined.?

The effectiveness estimates from the two sets of data are relatively close,

with the exception being lap belt fatalities, which is probably the result of

small sample size in RSEP. The results of the raw data in Table IV-2 are that

lap/shoulder belts are more effective than lap belts in reducing moderate to

fatal injuries; again, the exception is RSEP fatalities. These data are

considered "raw" data because they have not been "controlled" for various

factors., For example, an examination of the data shows that occupants wearing

lsp or lap/shoulder belts were generally involved in less severe accidents, in

terms of damage extent zones and Delta V, than unrestrained occupants.

Delta V is the instantaneous velocity change during the impact. Delta V data

are shown in Table IV-3.

1

RSEP data in Table IV-2 include 783 more cars than were available when the
following reports were completed, and when the controlled estimates which
appear on page IV-7 were made, thus, the effectiveness estimates for the raw
data are slightly different between the two tables for lap/shoulder belts (59%
vs. 61%). "Fact Book: A Summary of Information About Towaway Accidents
Involving 1973-1975 Model Cars," Robert G. Hall, Highway Safety Research
Center, University of North Carolina, May 1976. "A Statistical Analysis of
Seat Belt Effectiveness in 1973-75 Model Cars Involved in Towaway Crashes"
Highway Safety Research Center, University of North Carolina, May 1976.

Data from the Fatal Accident Reporting System (FARS) are not utilized here for
two reasons: 1) FARS only includes fatal accidents, thus the number of
accidents which did not result in a fatality due to seat belt usage would have
to be estimated. 2) Restraint system usage in FARS is not considered as
reliable as in NCSS or NASS. In comments to the SNPRM, Volkswagen
(74-14-N35-046) disagreed with 1) above and provided a formula to calculate
effectiveness from FARS. However, the formula is sensitive to belt usage in a
potentially fatal accident, Given the Department's findings that belted
occupants are included in less serious accidents, one can not use a general
indication of belt usage (e.q. observed usage) as a proxy measure for belt
usage in potentially fatal accidents.
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TABLE IV-2
FRONT SEAT OCCUPANTS OF TOWED PASSENGER CARS
COMBINED RAW DATA OF
NCSS, NCSS-NASS, AND 1979-82 NASS
PLUS RAW DATA OF RSEP
WEIGHTED -- UNKNOWNS DISTRIBUTED

MANUAL MANUAL

UNRES TRAINED LAP BELT LAP/SHOULDER BELT

NCSS/NASS  RSEP NCSS/NASS  RSEP NCSS/NASS  RSEP

NO INJURY 68,696 4,232 2,577 1,345 5,026 2,307
NON FATAL

AIST 57,952 4,371 1,654 1,107 3,133 1,684

AIS 2 8,624 840 155 152 187 153

AIS 3 3,602 202 70 23 95 32

AIS & 858 34 7 9 18 4

AIS 5 276 7 2 2 8 2

FATALITIES 1,290 75 22 6 32 14

Total 141,298 9,787 4,487 7,644 8,09 | L,19%

INJURY RATES IN TOWAWAY ACCIDENTS

AIS 1 41.0% 44 .8% 36.9%  41.9% 36.9% 40.1%

AIS 2-5 9,5% 11.1% 5,2% 7.0% 3.6% 4.6%

FATALITIES 0.91% 0.77% 0.49%  0.23% 0.38% 0.33%

CALCULATED EFFECTIVENESS
COMPARED 10 UNRESTRAINED OCCUPANTS

AIS 1 - - 10% 6.5% 10% 10%

AIS 2-5 - - 45% 37% 62% 59%

FATALITIES - - 46% 70% 59% 57%

TABLE IV-3

RESTRAINT USAGE RATES IN CRASHES OF GIVEN SEVERITY>

DELTA V (MPH) NASS NCSS
1-10 9.5% 10.2%
11-20 7.1 6.4
21-30 5.6 5.0
31-40 4.8 2.7
41-99 3.2 3.2

3 wRestraint Use and Effectiveness as Estimated From U.S. Accident Files and

Observational Survey” Van Dyke and Springer, NHTSA, November 1982.
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Anothzr way to examine Delta V by restraint usage is shown below using NCSS
data,

PERCENT OF PERCENT OF
, UNRESTRAINED RESTRAINED
DELTA V (MPH) OCCUPANTS OCCUPANTS
1-10 50.5% 64.2%
11-20 39.6 30.6
21-30 7.5 4.4
31-40 1.7 0.5
41-99 0.7 0.3
TOTAL 100% ' 100%

Since the effectiveness of belts is believed to be higher in the lower
severity crashes, the effectiveness estimates from the raw data would be
overestimated. One theory is that present belt wearers are a special set
of drivers who are more cautious and less prone to severe accidents. These
factors must be controlled for, since a mandatory seat belt use law or an
automatic belt requirement would result in a new set of belt wearers with

driving characteristics more like the average driver.

in the Restraint System Evaluation Project considerable statistical
analyses were performed by the contractor to control for four factors which
could bias the effectiveness estimates taken from the raw data. These four
factors were: age of occupant, accident severity, impact mode (front, side,
etc.), and size of car. The results were as follows for AIS 2 or greater

injuries, including fatalities.

4 vwEffects Of Different Crash Severities for Restrained vs, Unrestrained
Occupants,” Conrad Cooke, Engineering Systems Staff, NHTSA, 12/1/83.
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EFFECTIVENESS

LAP BELT LAP/SHOULDER BELT
RSEP Raw Data 39% 61%
RSEP Controlled Estimate 31% 57%

While the agency did not control for all four of the variables in its
in-house analysis of NCSS/NASS as was done by the contractor with the RSEP
data, a substantial effort went into assessing the impact of damage type
and accident severity on overall effectiveness. Accident severity by
impact mode was found to be significantly different between restrained and

unrestrained occupants.

Initially, the agency examined the impact that Delta V has on
effectiveness. Using the NCSS file, it was found that restrained occupants
were involved in less severe accidents to such an extent that the severity
of the accident by itself could explain most of the apparent fatality
effectiveness of restraints and nearly half of the apparent injury
effectiveness (see footnote 4 on page IV-6). Due to the large number of
cases of unknown Delta V in the file (55 percent of the cases have unknown
Delta V), it was realized that Delta V, by itself, was not a good control
factor. This is especially true since Delta V is unknown in most roilover

accidents, where seat belts are particularly effective.

The agency then examined two other methodologies to control for accident
severity. The first methodology examined Delta V, when known, and the
collision deformation classification (CDC) or damage extent zone, when

Delta V was unknown, by crash mode using the NCSS data. The results of
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this analysis are adjustment factors for lap/shoulder belts of 28.4 percent
for fatalities and 18.0 percent for AIS 2-5 injuries. By breaking up the
accidents into 21 categories, this methodology has a problem with sample
size in the severe accident groups (Delta V > 30 mph and CDC > 5); thus the
results are somewhat tenuous. Using the formula: (1-Real Effectiveness) =
(1-Observed Effectiveness)/(1-The Adjustment Factor), and applying this
formula to the NCSS/NASS data in Table IV-2, results in the following

controlled effectiveness estimates:

Manual Manual Lap/

Lap Belts Shoulder Belts
AIS 2-5 Injuries 37% 54
Fatalities 27% 43

The second methodology examines only the collision deformation classifi-
cation by crash mode and damage extent.? Three separate analyses were
performed using this methodology on the combined NCSS, NCSS/NASS, and NASS
files. First, unrestrained occupants were adjusted to match the frequency
of damage area and extent that were observed for restrained occupants. This
is the same methodology used in the two previous analyses discussed and
probably best represents the effectiveness for current belt users. Second;
the restrained occupants were adjusted to match the unrestrained occupants.
Third, the restrained and unrestrained occupants were each adjusted to
match the entire population of occupants, restrained and unrestrained.
These last two analyses were performed to see how effectiveness might
change if a mandatory belt use law turned a large proportion of current

non-ysers into belt users. The results are shown in Table IV-4, This

5 wgeat Belt Effectiveness Estimates Using Data Adjusted for Damage Type,"
Susan C. Partyka, Mathematical Analysis Division, NHTSA, January 1984.
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third analysis (restrained adjusted to all occupants) may best represent
the seat belt effectiveness for a group of current non-users who would

accept wearing belts.

Comparing the two right columns shows very little difference between these
two analyses. However, comparing the left column to the two right columns
indicates that restraints are more effective for current users than they
would be for current non-users since the'current non-users tend to be in

more severe accidents, where belts are not as effective.

TABLE 1V-4
EFFECTIVENESS AFTER ADJUSTMENT FOR CRASH SEVERITY
{NC55, NCS5-NASS AND NASS)

Restrained and

Unrestrained Restrained Unrestrained
Adjusted to Adjusted to Adjusted to
Restrained Unrestrained All Occupants
Lap Belts
AIS 2-5 Injuries 39% 30% 30%
Fatalities 21% 22% - 22%
Lap/Shoulder Belts
AIS 2-5 Injuries 53% 47% 48%
Fatalities 52% 38% 39%

Finally, the third analysis - where restrained and unresérained occupant
counts are both adjusted to reflect the damage distribution of the entire
population - was performed on RSEP alone, RSEP adjusted to NCSS/NASS, and
a combination of all of the previous files: RSEP, NCSS, NCSS-NASS and
NASS.6 Moreover, 90 percent confidence bounds were calculated for the

effectiveness estimates (by a technique that generates asymmetric bounds).

6 wpddendum to Seat Belt Effectiveness Estimates Using Data Adjusted for
Damage Type," Charles J. Kahane, Office of Program Evaluation, NHTSA,
February 1984.
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The results, which are shown in Table IV-4a, employ the largest available
probability sample of accident data collected by the agency. Moreover, the
adjustment procedure, as explained in the report, makes RSEP data

comparable with the other files,

TABLE IV-4a

MANUAL BELT EFFECTIVENESS AFTER ADJUSTING FOR CRASH CONDITIONS
RESULTS OF COMBINING DATA FILES

BELT EFFECTIVENESS (%)
LAP BELTS ONLY LAP/SHOULDER BELTS

BEST 9% BEST 90%
ESTIMATE CONF IDENCE BOUNDS ESTIMATE  CONFIDENCE BOUNDS

AIS 2-5 INJURIES

NCSS/NASS ONLY 30 20-50 48 38-61
RSEP ONLY 30 16-37 53 45-61
RSEP ADJUSTED 10

NCSS/NASS/RSEP 26 16-46 50 42-58
NCSS/NASS/RSEP 22 13-42 46 40-54
TASK FORCE

FINAL ESTIMATE 25-35 45-55

FATALITIES

NCSS/NASS ONLY 22 -14 to +100 39 24-67
RSEP ONLY 75 +50 to +93 55 30-77
RSEP ADJUSTED TO

NCSS/NASS/RSEP 72 +47 to +90 48 23-70
NCSS/NASS/RSEP 37 -39 to +100 49 37-68
TASK FORCE

. FINAL ESTIMATE 30-40 40-50
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Having examined all of the results of the above analyses, the agency
believes that it is appropriate to rely on the controlled data more heavily
than the raw data in deriving an effectiveness range. The controlled data
give an indication of the direction and possible magnitude of the
adjustment, but the agency does not believe that the controlled data can be
used to pinpoint an exact effectiveness estimate. Instead, an
effectiveness range is seen as the best approach to estimating uncertain
variables, The final estimates of the agency are as follows: lap and
shoulder belts are estimated to reduce fatalities by 40-50 percent and AIS
2-5 injuries by 45-55 percent, with fairly narrow confidence bounds. Lap
belts are estiﬁated to reduce fatalities by 30-40 percent and AIS 2-5
injuries by 25-35 percent, with substantially greater statistical
uncertainty. (See the 90% confidence bounds in Table IV-4a; lap belts have
a wider confidence bound than lap/shoulder belts mainly due to a smaller

sample size, see Table IV-2.)

Several SNPRM commenters, notably Ford (74-14-N35-065), Chrysler
(74-14-N35-036), Renault (74-14-N35-050), the American Seat Belt Council
(74-14-N35-044), and Professor Nordhaus (74-14-N35-079), arguéd that the
Department's effectiveness estimates for manual belts were toco low.
Chrysler stated that the correct range should be 50-70 percent. Renault
stated that according to an analysis of accidents in France, effectiveness
is around 60 percent. Renault supplied a graph showing that Delta V for
unbelted occupants was only slightly higher than Delta V for belted
occupants and stated that belted drivers may feel better protected and

therefore drive faster. However, France has a much higher belt usage rate
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than the U.S. (see Table IV-4b; data used in the Delta V graph implied 39
percent belt usage). Professor Nordhaus stated that the Department
adjusted the effectiveness estimates too low. He apparently believes the
Department hetermined the level of adjustment by assuming that all of the
more severe accidents will involve restrained occupants, when no analysis
in the record predicts 100 percent usage. The Department considered this
very point raised by Professor Nordhaus and for that reason Table IV-4
includes the third column -- restrained and unrestrained adjusted to all
occupants. This is one of the reasons the Department chose a range of

values for effectiveness.

Ford believes that the Department should rely on the combined
NCSS/NASS/RSEP data that indicate a confidence interval of 37-68 percent
for fatality effectiveness of manual lap/shoulder belts., Ford believes
this indicates a range of 50-60 percent effectiveness rather than 40-50
percent. The Department based its estimates on several analyses, rather
than just the one combined analysis cited by Ford, and took into account

the best estimates and confidence bounds derived from these analyses.

Ford further justified a 50-60 percent range by quoting B. J. Campbell's

analysis of North Carolina State accident data (Safety Belt Reduction

Related to Crash Severity in Front Seated Position, HSRC-PR129, March 1984,

Docket No. 74-14-N35-065) which found a 62 percent fatality reduction for
belts even after the data had been controlled for differences in TAD Crash
Severity and other factors. Based on NHTSA's extensive experience in

statistically analyzing State data, as for example in the evaluation of
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several existing standards, the control variables available in state data
are inadequate for adjusting the populations for differences in crash
severity. In other words, analyses of State data using control variables
yield exaggerated effectiveness estimates.. In particular, the 62 percent
estimate in Campbell's study appears to be overstated. Another reason for
selecting the 40-50 percent range for manual lap/shoulder belt
effectiveness was because C. J. Kahane's study of the potential

effectiveness of air bags and seat belts (Estimates of Fatality Reduction

for Air Bags and Lap/Shoulder Belts, February 1984), examined the

unrestrained front-seat occupant fatalities in NCSS and concluded that 51
percent of those fatalities were likely to have been prevented by belts.
Many of the other fatalities involved circumstances that would have

rendered any restraint system of little value.

Ford further stated that the actual data presented, historical literature
and the Campbell study, indicate lap/shoulder belts are more effective in
preventing fatalities than injuries, not the other way around as estimated
by the Department., The Department's conclusion that injury effectiveness
is 5 percentage points higher than fatality effectiveness for lap/shoulder
belts, was largely based on the NCSS/NASS adjusted data -- the latest data
source -- which show that AIS 2-5 injury effectiveness is 48 percent while
fatality effectiveness is 39 percent., The RSEP adjusted data indicate the
effectiveness is about the same. While it is true that many historical
estimates and the Campbell study indicate higher fatality effectiveness

than injury effectiveness, these studies are not typically comparable with



Iv-14

this analysis because of the AIS 2-5 injury criteria used here. If AIS 1
injuries were included, fatality effectiveness for lap/shoulder belts would

be much higher than injury effectiveness.

The agency also examined the effectiveness of belts as derived from a
review of the experiences in a number of countries after implementation of
mandatory usage laws. Sufficient data are available to compute
effectiveness in 11 locations, The fatality effectiveness of belts ranged
from a low of 20 percént in Quebec, Canada, to a high of 77 percent in
Sweden. The 11 location average effectiveness was 47.1 percent. This
includes some unknown combination of lap belts and lap/shoulder belts,
although most of ‘these countries required lap/shoulder belts as of the
early 1970's. While this appears to confirm the results of the NCSS, NASSV
and RSEP studies, the agency did not consider these results in its final
determination of belt effectiveness. The agency has no way of verifying
the validity of the data or the statistical techniques employed in the
various locgtions. The details of the effectiveness computations for each

location are contained in Table IV-4b.
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TABLE 1V-4b
SUMMARY OF MANDATORILY INCREASED SAFETY BELT USAGE EXPERIENCE
Fatality Belt
Use Rate (%) Reduction Effectiveness 8
Location Before After (%) (%)

Australia 1,4 30 80 22.5 39.6

France 1,4 26 75 22 40.6

Belgium 4 17 92 39 47.8

Great Britain 6 40 90 24.5 41.0

Israel 2 6 70 43 64.6

Sweden 47 36 79 46 77

Switzerland 1 32 81 12 22.7

Canada, Ontario 3 24 58 13.7 36.7

Quebec 3 20 37 3.5 19.8

Saskatchewan 3 13 50 21.7 54.4

British Columbia 3 23 50 24.2 74,3

Average all locations 47 .1%

Ref.

1. "Effectiveness of Safety Belt Usage Laws," Dr. Franklin B. Fisher, May
1980 (Peat, Marwick, Mitchell & Co.).

2. "Seat Belts: Effectiveness of Mandatory Use Requirements,"

Roger L. McCarthy, et al., SAE 840329, Failure Analysis Associates.

3. "The Effectiveness of the Canadian Mandatory Seat Belt Use Laws,"
Brian A. Jonah, Transport Canada.

4. "Task Force Report on Safety Belt Usage Laws," Livingston, et al,
NHTSA, June 1978.

5. "Patterns of Safety Belt Usage Following Introduction of Safety Belt
Wearing Law", Hakkart, A., Ziedel, D., Technion, Israeli Inst. Tech,
June 1983.

6. "Legislation for Seat Belt Use in Britain," Murray Mackay, University
of Birmingham, SAE 840328.

7. "Seat Belt Use in Sweden and Its Injury Reducing Effect," Hans Norin et
al, SAE 840194, Data on Volvo cars alone indicates a belt
effectiveness of 74.5%.

8. Calculated as follows: E = FR

Ug - (1-FR) (Ug)
Where E = Effectiveness
.FR = Fatality Reduction
Ug = Usage After the Law

Usage Before the Law
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For minor injuries (AIS 1), the NCSS/NASS data for towed cars in Table IV-2
indicate an effectiveness estimate of 10% for both lap and lap/shoulder
belts. An analysis of non-towed cars in the 1979-1981 NASS files indicates
about the same effectiveness for lap/shoulder belts (11%) as in towed cars
(10%). However, the effectiveness of lap belts in non-towed cars is -27%.
This is a rather implausible result since all other data indicate one is
safer with a belt than without one. Other sources of data indicate that
lap belts provide roughly the same effectiveness as lap/shoulder belts for
AIS 1 injuries. The RSEP (raw) data indicate lap belts are 6.5 percent
effective and lap/shoulder belts are 10 percent effective in reducing AIS 1
injuries. The combined NCSS/NASS/RSEP data adjusted for crash conditions
indicate both lap and lap/shoulder belts are 4 percent effective in
reducing AIS 1 injuries, A 1974 study of rural accidents in Pennsylvania
indicates for police reported B and C injuries (mostly minor injuries) that

lap belts are 23% effective and lap/shoulder belts are 21% effective.’

In general, the agency has less confidence in effectiveness estimates for

AIS 1 injuries than for more severe injuries due to reporting problems. Many
people don't report minor injuries or don't know they are injured until ‘the
next day. While these reporting problems should not impact the relative
effectiveness of lap and lap/shoulder belts, there is some doubt about whether

the overall level of effectiveness is accurate.

Based on the data presented above, the agency estimates the effectiveness of

lap and lap/shoulder belts to be 10 percent in reducing AIS 1 injuries.

7 msage and Effectiveness of Seat and Shoulder Belts in Rural Pennsylvania
Accidents," C. J. Kahane, NHTSA, 1974, DOT-HS5-801,398.
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B. Automatic Belts

The agency has five sets of data relating to automatic belt effectiveness.
They are: a) an updaté of a North Carolina study of state accident data b) a
NHTSA analysis of fatalities in the automatic and manual VW Rabbits; c) a
NHTSA analysis of fatalities in the automatic and manual Toyota Cressidas;
d) frontal crash tests of both automatic and manual belt systems; e) a
Transport Canada report which suggests some reasons why automatic belts may

not be as effective as manual belts.

a) The results of a study comparing the usage and effectiveness of VW
Rabbit belt systems in accidents are presented in Tables IV-5, IV-5a and
IV-6. These data are a further update of the material entered into the
dockét in the effectiveness report accompanying the SNPRM. Since that
time, it was learned that there were some problems with the 1980-81 New
York data; corrections have been made to these data and new data for 1982
have been included. In addition, 1975-1979 data from the previous study®
for four states have been corrected using an updated vehicle identification

number (VIN) tape. These new data are all combined in Table IV-5.

Table IV-5 presents the number of serious plus fatal injuries (coded A+K on
the police reports) to front seat occupants of manual and automatic VW
Rabbits, The designation of automatic or manual belt is determined via the

VIN; belt usage is determined via the police report. One question

8 vA Comparison of Automatic Shoulder Belt/Knee Bolster Restraint System with
the Lap and Shoulder Belt Restraint System in VW Rabbits "Highway Safety
Research Center, University of North Carolina, March 1981, DOT HS-805-856.
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regarding the accuracy of the data is in the ability of the police to
determine accurately whether a belt is used and whether crash victims, when

asked, would provide accurate usage data.

Data are available on over 27,000 front seat occupants in police reported
accidents in the four states, New York 1975-82, North Carolina 1975 to part

of 1983, Maryland 1975-82, and Colorado 1975-1979.

Table IV-5a presents the serious to fatal injury rates for the four states.
Three interesting points emerge from these data. One, the injury rates fﬁr
unrestrained occupants in manual restraint system cars is higher than the
unbelted injury rate in automatic restraint system cars in three of the
four states, although this difference is not statistically significant.
This could occur because a) the knee restraint in the automatic restraint
cars may have some effectiveness for unrestrained occupants, or b)
passengers of the higher priced automatic restraint cars (automatic
restraints were standard equipment on deluxe models of the Rabbit) may be
involved in less serious accidents, Two, when the restraint system is
used, manual belt cars have a lower injury rate than automatic belt cars in
all four states, but this difference is also not statistically significant
at the 95 percent confidence level. Three, combining restrained and
unrestrained occupants, automatic belt cars have a 17.3 percent lower
injury rate than manual belt cars in all stétes, due to higher usage of
automatic belts. Combining the four states, this 17.3 percent difference

in overall injury rates is statistically significant.
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The first point leads to a question concerning the appropriate basis for
determining the effectiveness of automatic belts. Taking the combined
results in Table IV-5a, for example, should the .0331 automatic belt
restrained injury rate be compared to the .0582 automatic belt car
unrestrained rate or to the .0629 manual belt car unrestrained rate?
Because the agency believes that the knee bolster has some effectiveness,
the latter comparison is valid and will be used in Table IV-6.
TABLE IV-5
NUMBER OF SERIOUS PLUS FATAL INJURIES (A+K) TO

VW RABBIT FRONT SEAT OCCUPANTS BY RESTRAINT USE BY STATE
WITH KNOWN INJURY LEVELS AND KNOWN RESTRAINT USAGE

UNRESTRAINED RESTRAINED
RESTRAINT A+K NOT A+K A+K NOT A+K
TYPE INJURED  INJURED  TOTAL INJURED  INJURED  TOTAL

NEW YORK 1975-1982

Manual 496 6,112 6,608 82 2,249 2,331
Automatic 108 1,414 1,522 64 1,576 1,640

NORTH CAROLINA 1975 TO PART OF 1983

Manual 169 3,751 3,920 14 811 825
Automat ic 48 1,096 1,144 24 1,037 1,061

MARYLAND 1975-1982

Manual 156 2,832 2,988 29 1,29 1,325
Automatic 30 652 682 37 1,114 1,151

COLORADO 1975-1979

Manual 93 917 1,010 12 364 376
Automatic 22 206 228 10 219 229

COMBINED RESULTS

Manual 914 13,612 14,526 137 4,720 4,857
Automatic 208 3,368 3,576 135 3,946 4,081
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TABLE IV-5a
A&K INJURY RATES
(SERIOUS PLUS FATAL INJURIES COMPARED TO TOTAL OCCUPANTS FOR
VW RABBIT FRONT SEAT OCCUPANTS BY RESTRAINT USE BY STATE)

RESTRAINT TYPE UNRESTRAINED RESTRAINED OVERALL

NEW YORK 1975-1982

Manual .0751 .0352 .0647
Automatic .0710 .0390 0544

NORTH CAROLINA 1975 TO PART OF 1983

Manual .0431 .0170 .0386
Automatic .0420 .0226 .0327

MARYLAND 1975-1982

Manual .0522 .0219 0429
Automatic .0440 .0321 .0366

COLORADO 1975-1979

Manual .0921 .0319 .0758

Automatic .0965 0437 .0700
COMBINED RESULTS?

Manual 0629 .0282 .0542

Automatic .0582 0331 .0448

? There is not a statistically significant difference between the
unrestrained injury rates of manual and automatic belt systems, or between
the restrained injury rates of the manual and automatic belt systems.
There is a statistically significant difference in the overall injury
rates, due to the higher usage of automatic restraints.,
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TABLE IV-6
EFFECTIVENESS OF VW RABBIT MANUAL AND
AUTOMATIC BELT SYSTEMS IN REDUCING SERIOQUS
TO FATAL INJURIES (A+K) WHEN USED COMPARED
TO UNRESTRAINED MANUAL BELT OCCUPANTS10

4 PERCENTAGE
MANUAL BELT AUTOMATIC BELT  POINT
EFFECTIVENESS EFFECTIVENESS DIFFERENCE

New York 1975-1982 53% - 48% 5
North Carolina 1975 to

Part of 1983 61% 48% 13
Maryland 1975-1982 58% 39% 19
Colorado 1975-1979 65% 53% 12

Combined Result ~- 4 States

a) Aggregation of Injury Data  55% 47% g11
b) Simple average of the 4
states 59% 47% 1212

Table IV-6 presents the effectiveness of the VW Rabbit automatic and manual
belts, when used, in reducing serious to fatal injuries. Manual belt
effectiveness is fairly consistent among the four states, ranging from 53
to 65 percent. Automatic belt effectiveness is also fairly consistent
between the states, ranging from 39 to 53 percent. (None of these State
data have been adjusted for differences in crash severity between the
restrained and unrestrained occupants. Thus, all estimates, especially

those for manual belts, are overstated.)

10 Combining restrained and unrestrained occupants, automatic belts (as used) are
17% more effective than manual belts (as used) due to higher restraint usage
of automatic belts,

Not a statistically significant difference.
2 Not a statistically significant difference.
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Since the agency will estimate automatic belt effectiveness based on a
comparison with manual belt effectiveness, it is important to note that the
dif ference in effectiveness ranges from 5 to 19 percentage points and the
combined results indicate a dif%erence of 8 to 12 percentage points. The
combined results are examined in two ways: 1) using an aggregation of all
injuries from the four states, and 2) based on a simple average of the
effectiQeness estimates from the four states. However, the state data do
not show statistically significant differences in effectiveness between

automatic and manual VW Rabbit restraint systems.

b) An August 1983 NHTSA analysis of Volkswagen Rabbit fatality data by type
of restraint system is presented in Table IV-7, Fatalities were categorized
using Vehicle Identification Numbers (VIN) and the FARS system. Exposure dsta
were developed from monthly sales data provided by Volkswagen and take into

account scrappage rates.

Since VW automatic belt usage is significantly higher than VW manual belt
usage, cars with automatic belts have a lower fatality rate than cars with
manual belts, the exception being 1980. Combining 1975 through 1982, the
fatality rates in cars with automatic belts (as used) compared to cars with
manual belts (as used) was 19.3 percent lower. A 90 percent confidence
interval, that is a 5 percent tail on either side, indicates the fatality
rate reduction is in the range of 11.0 to 27.6 percent. These percent
reductions reflect the combined effects of belt usage as well as

"ef fectiveness" when used, the subject of this chapter. The yearly



TABLE 1V.7

VM RABBIT FATALITY DATA BY TYPE OF RESTRAINT SYSTEM
(FRONT SEAT OCCUPANT)

MANUAL RESTRAINT SYSTEM AUTOMATIC RESTRAINT SYSTEM
: AUTOMATIC BELT
RESTRAINT  EFFECTIVENESS
EXPOSURE EXPOSURE TSYSTEM -~ COMPARED T0
ACCIDENT (MILLION  FATALITY (MILLION  FATALITY UNKNOWN MANUAL BELTS,
YEAR FATALS CAR MONTHS) RATE FATALS  CAR MONTHS) RATE  TATALS AS USED, (%)
1975 16 0.4734 33.8 0 0.1786 0 0 100.0%
1976 29 1.457 19.9 [} 0.4341 9.2 ] 53.7
1977 70 2.659 26.3 5 0.8154 6.1 6 76.7
1978 82 3.905 21.0 . 25 1.361 18.4 3 12.4 .
1979 124 5,401 23.0 a1 2.135 19.2 1 16.5
1980 116 6.587 17.6 64 3.173 20.2 10 -14.8
1981 153 7.797 19.6 67 3.942 17.0 12 13.3
lqsé 121 8.776 13.8 48 4.384 10.9 13 21.0
1975-82 711 37.055 19.2 254 16.423 15.5 19.3

SOURCE: Internal NHTSA Analysis

€¢-A1
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differences in fatality rates show the great variability and uncertainty in
these types of accident statistics. For example, if this analysis had been
done in 1978, using 1975-1977 data, cars with automatic belts would have
been estimated to have an occupant fatality rate 75 percent lower than cars
with manual belts, instead of the 19.3 percent for 1975-1982. However,
taken together these data represent a large fleet of cars and the results

are statistically reliable.

Table IV-8 shows the difference in automatic and manual belt usage from
three separate sources; observations of belt usage in traffic (48
percentage points), state accident data (28 percentage points), and
telephone surveys (42 percentage poinis). Observed data are believed to be
more reliable than either telephone surveys or police reported state
accident data. As discussed in Section V, one study documented that people
overstate their actual belt usage in telephone surveys. Police reported
usage data is based on after-the-fact police judgment, witness reports, or
accident victim self reporting. None of these are as definitive as actual

observations. However, restraint usage in accidents and effectiveness are

the measures which impact safety benefits.
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Table IV-8

AUTOMATIC VERSUS MANUAL BELT USAGE
FOR VW RABBITS

Number Number Percentage
of of Point
Automatic Obser- Manual Obser- Difference
Usage (%) vations Usage (%) vations in Usage
Observed Usage
1977-7913 Y 401 36 1,049 45
1980-8214 86 304 28 687 50
11/82-3/83 80 240 28 552 52
5/83-10/8315 75 398 31 1,092 44
1977-83 Average
Observed Usage 80 1,343 32 3,380 48
Accident Datal6
1975-82 New York 52 3,162 26 8,939 26
1975-83 North Carolina 48 2,205 17 4,745 31
1975-82 Maryland 63 1,833 31 4,313 32
1975-79 Colorado 0 457 27 1,386 23
Average Accident Data 53 7,657 25 19,383 28
Telephone SHEMQMS17
MY's 1978-79 89 1,010 46 203 43
MY 1980 89 1,013 48 222 4
Average Telephone
Survey 89 2,023 Y 425 42

13 Opinion Research Corporation, "Safety Belt Usage Among Drivers," May 1980,
DOT-HS-805-398, pg.30.

14 Opinion Research Corporation, "Restraint System Usage in the Traffic
Population." May 1983, DOT-HS-806-424, collected November 1980 to October
1982.

15 1983 data collected by Goodell-Grivas, Inc.

16 Collected for NHTSA by HSRC, see Table IV-5.

17 Opinion Research Corporation, "Automatic Safety Belt System Owner Usage and
Attitudes in GM Chevettes and VW Rabbits, May 1980 and February 1981, -
DOT-HS-7-01736.
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Using the three different sources of automatic and manual VW restraint
usage from Table IV-8, the fatality rate of automatic belts as used
compared to manual belts as used, and the estimate that manual belts when
used are 45 percent effective in reducing fatalities (the mid-point of the
range shown in Table IV-1), then a formula for fatality effectiveness of
the VW automatic belt system when used compared to unrestrained occupants
can be d;stermined.18 In this instance, the VW Rabbit automatic belt
‘effectiveness for fatalities, compared to unrestrained occupants, would be
39 percent if the usage rates found in observation surveys are inserted in
the effectiveness formula, 41 percent if the usage rates obtained from the
telephone survey are inserted, and 54 percent if the usage rates reported
in the accident data are employed.  Thus, the automatic VW Rabbit restraint
system, when used, is estimated to be 39-54 percent effective in reducing

fatalities compared to unrestrained occupants.

c) The agency examined the fatalities in Toyota Cressidas with automatic and
manual belts. Between 1977 and 1980 over 37,000 manual belt Toyota Cressidas
were sold., In 1981 and 1982, over 67,000 automatic belt Toyota Cressidas

were sold. The following table presents the number of fatalities, estimste¢

exposure, and fatality rate by system,

18 Fa = 1 ~ Ua Ea
Fm T - Um Em

Where F
E
m

Usage Rate,
Automatic Belts,

Fatality Rate, U
Effectiveness, a
Manual Belts

nun
" n
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Toyota Cressida

Manual Automat ic

Belts Belts
1977-1982 Fatalities 29 . 8
Estimated Car Months 1,609,286 560,766
Fatality Rate Per 18.0204 14.2662

Million Car Months

The Toyota Cressida data indicate that automatic belt cars have a lower
fatality'rate (20.8% lower) than the manual belt cars. Automatic belt
effectiveness compared to unrestrained occupants can be roughly estimated
at 40 percent using these fatality rates and belt usage.19 This is
considered a rough estimate because there are few fatalities in the
automatic and manual belt cars, due to limited exposure through 1982,
making the estimates statistically suspect, and the usage estimates for
comparable manual belts were not adequate. Observed usage of automatic
Cressidas (96% usage) is based on 203 observations and agrees very well
with a telephone surveyzo that found 92 percent usage. However, the agency
has no specific data on manual Cressida belt usage. Observed data are
available on all Toyota manual belt models (19% usage). This 19% may be a
low estimate for Cressidas, because_they are one of the highest priced
Toyotas and belt usage has been shown to be related to income level. On the
other hand, the telephone survey found 45 percent usage for Toyota Coronas

(manual belt). The 40 percent effectiveness estimate is calculated based

19 14,2662 = 1- (.92)(x)
78,0204 1-(.45)(.45); x=40% Effectiveness. One reason that the Toyota
Cressida automatic belt may not be as effective as the manual belt (when used)
is that automatic belt users may not connect the manual lap belt that is
provided with the automatic system.
"Automatic Safety Belt Usage in 1981 Toyotas," JWK International Corporation,
February 1982, DOT-HS-806-146.
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on the results of the telephone survey and is a high estimate if the 45
percent manual usage is overestimated. Because of these problems, the 40

percent effectiveness estimate must be considered a very rough estimate.

d) The agency examined the crash tests it has recently performed on automatic
and manual VW Rabbits and Chevrolet Chevettes at 30 mph. These are shown

in Table IV-9. In these frontal crash tests, the automatic restraints
performed better than manual restraints, in terms of lower Head Injury

Criterion (HIC) (HIC is an indicator of the possibility of head injury).
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TABLE IV-9

VW RABBIT AUTOMATIC VS. MANUAL
30 MPH TEST RESULTS

HIC VALUES CHEST G's

MODEL CRASH FRONT FRONT
SYSTEM YEAR SPEED DRIVER PASSENGER DRIVER PASSENGER
Automatic 1976 29.3 604 444 37 31
Automatic 1976 29.3 542 255 - -
Automatic 1976 30 452 225 40 31
Manual 1976 30 1,433 518 42 43
Manual 1978 29.58 1,552 661 59 42

CHEVY CHEVETTE AUTOMATIC VS. MANUAL
30 MPH TEST RESULTS

Automatic2? 1978 30 475 450 47 43
Manual 1976 28.3 922 797 47 33
Manual 1976 30 1,024 936 43 43

e) Transport Canada released a paper,22 which included a discussion which
implies that automatic belts may not be as effective as manual 3-point
belts, For the 2-point automatic belt system and knee bolster, the absence
of a lap belt may result in the 2-point belt being less effective in
preventing ejection, Also, it was claimed that the door mounted belt might
have little capability of restraining an occupant in the event of
accidental door opening during a collision. The agency has performed an

analysis which examines passenger car occupant partial and total ejection

21 Manual Lap Belt was not attached.
"Transport Canada's Policy on Occupant Restraints," G.D. Campbell and E.R.
Weibourne, Transport Canada, June 1981.
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fatalities through doors.23 In the 1979 FARS file, there are 27,799
passenger car occupant fatalities, of which 6,190 (22 percent) involved
ejection. The FARS files do not record the ejection route, however, the
NCSS file does. There are 910 fatalities in NCSS of which 210 (23 percent)
involved ejection, Thus, the NCSS file has about the same percent of
ejection fatalities as the FARS file (23 percent vs. 22 percent). Of the
910 NCSS'fatalities, 32 (3.5%) were drivers ejected through the left front
door and 13 (1.4 percent) were right front passengers ejected through the
right front door. The agency does not know how effective the 2-point
shoulder belt might be in preventing ejections. If it is assumed that the
2-point system is not effective, then 1,390 ejected fatalities (27,799x4.9
percent) might have been saved if a 3 point manual belt had been used.24 oOf
course, the 3-point manual belt would not have prevented all these
fatalities since some fatalities occur as the result of impacting interior
components (side door, armrest, pillars, etc.) before the ejection, while
others occur as a result of occupant contact with objects outside the
vehicle after partial ejection., It should also be pointed out that the
door mounted belt may actually prevent door openings in many instances
because the retractor will lock up on the belt, not allowing it to spool
out, and thus help to hold the door clesed. Further, some motorized
automatic belts (e.g. Toyota Cressida) are not attached to the door but

have anchorages on the B-pillar, the same as manual lap/shoulder belts,

23 npn Analysis of the E jection Problem Using NCSA Automated Data Files," Nancy
Bondy and Sharon Hart, NHTSA, June 1982.
This calculation assumes all cars would have been equipped with 2-point
automatic belts.
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Transport Canada also suggested that the advantage of eliminating lap belt
abdominal injuries by using a knee bolster instead of a lap belt may be
offset by less control of occupant displacement in collisions involving a
significant transverse component of acceleration. For 3-point automatic
belts, Transport Canada concluded that there is little reason to believe
the effectiveness should not be essentially the same as for 3-point manual
belts, ekcept in cases Qhere the anchorage points on the door are outside
the geometrical zones prescribed by FMVSS 210. It should be noted that
NHTSA has provided a waiver from FMVSS 210 if manufacturers meet the
barrier crash test criteria for automatic protection requirements of FMVSS
208, However, Transport Canada's testing indicated lesé effective control

of the dummy and markedly higher chest loads with the automatic 3-point

system.

There were several comments to the docket which compared automatic to
manual belt effectiveness, or compared detachable to non-detachable belt
effectiveness. British Leyland (74-14-N32-5296) and Renault
(74-14-N32-1165) both stated that two-point automatic belts are less
effective than manual lap/shoulder belts in side impacts and rollovers.
Renault also stated that three-point automatic belts afford unsatisfactory

protection in frontal impacts.

The Insurance Institute for Highway Safety (74-14-N35-022) stated that
automatic belt effectiveness was downgraded because of the hypothetically
possible increase in the chance of ejection, when no statistical or other
evidence supports this assumption about ejection. Further; I1IHS argues the

Department ignores crash test data that indicate automatic belts might
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reduce head injuries more than manual belts. The Departmenf based the
lowering of automatic belt effectiveness on the state data that indicate
automatic belts are probably less effective than manual belts and on the
possibility that automatic restraint designs withou£ the lap belt may not
be as effective in side impacts and rollovers -- particularly when
ejections are involved. The Department did consider the test data that
indicatetautomatic belts are as effective .or possibly more effective than.
manual belts in frontal impacts. However, the state data, which include
all accident modes, still indicate that automatic belts may be less
effective than manual belts. The Department cannot be precise about this

issue until additional field data are available.

Professor Nordhaus argues that the only reliable data the Department should
consider in determining automatic belt effectiveness is the analysis of VW
fatalities and the crash tests. Together, these indicate automatic belt
and manual belt effectiveness should be equivalent. He believes the usage
figures and effectiveness values from the state data, which are dependent
upon the accurate characterization of restraint usage, should be
disregarded. However, the Department fails to see a convincing reason why
automatic belt usage would be mischaracterized any more than manual belt
usage. Thus, the Department believes that the comparison between automatic

and manual belt effectiveness rates remains valid for the state data.

Nordhaus also claims that Transport Canada "concluded" that the
effectiveness of 2~point automatic and 3-point manual belts were
consistent, It is difficult to see how this observation by Transport

Canada is a conclusion. Professor Nordhaus has omitted the first part of
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the quote, printed here in its complete form. "Although these data [recent

VW Rabbit accident data] do not permit a direct comparison of the

effectiveness of the two systems, the fatality rate in vehicles equipped

with the automatic system is consistent with an effectiveness at least
equal to that of the 3-point belt system” (emphasis added). Transport
Canada's conclusions are evidenced by their statement preceding the
referenced quotation that "the effectiveness of the 2-point automatic belt
is lower overall than that of the conventional 3-point belt system." The
agency does not believe that referencing partial quotes, taken out of

context, can alter the clearly stated conclusions of Transport Canada.

Ford (74-14-N35-065) arqued that there is the potential for lower
effectiveness with automatic belts. Ford questions the premise that
3-point automatic belts will be as effective as manual belts, saying there
‘is no adequate body of data to justify this conclusion; their comment
pointed out also that manual belts can be more secureiy adjusted than
3-point automatic belts. In addition, Ford discussed the "danger of
attempting to estimate system effectiveness solely from controlled crash
data" by comparing the favorable automatic belt crash tests with the higher
observed injury rates in the state data for the automatic restraint VW

Rabbit versus the manual restraint VW Rabbit.

Volvo (74-14-N30-047) argued that non-detachable automatic belts may be

less effective than detachable automatic belts due to a "film spool
effect." This "film spool effect" may occur in 2-door models if the amount

of webbing in the non-detachable automatic belt must be increased to allow

entrance to the rear seat.
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NADA (74-14-N32-1680) indicated its concern that a belt fastened to the
door may possibly be less effective than manual lap/shoulder belts. VW
(74-14-N32-1678) and State Farm (74-14-N32-5295), quoting the earlier North
Carolina Study, stated that they believe automatic belts are as effective
as manual lap/shoulder belts. However, none of the above commenters

provided new data to substantiate their statements.

Another issue brought out in the docket comments distinguishing detachable
belts from non-detachable belts is post-accident ease of getting injured,
immobile, belted occupants out of a car. Volkswagen stated that they
specifically designed their automatic belts to have the ehergency release
button near the window so that persons assisting an injured belted occupant
could easily find and detach the belt and would not have to reach in,
across the occupant, to release the belt as is the case in today's cars
with manual belts, While the spool-out release mechanism on a
non-detachable belt allows the belt to be elongated and pushed out of the
way, there may be some cases where the belt needs to be cut in order to
extract an injured occupant; also, the spool-out release may be confusing
to those who are not familiar with it. However, the Department does not
believe that this post-accident ease of detachability is a significant

factor.

In conclusion, the effectiveness of automatic belts is less precisely known
than is the effectiveness of manual belts. Most of the agency's data are
on one type of automatic belt system (a two-point belt with a knee

bolster). Some manufacturers may use a 3-point automatic lap-shoulder belt
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design or a 2-point automatic belt with a manual lap belt that will be worn
by some occupants (based on prior data submitted to NHTSA). Given the
uncertainty regarding actual restraint usagevin accidents, the agency can
not precisely estimate the effectiveness, when worn, of the VW Rabbit
automatic belts, compared to unrestrained occupants. The North Carolina
study indicates the VW automatic belt may be less effective than the manual
belt for‘serious to fatal accidents, however, these differences are not
statistically significant. Assuming manual lap/shoulder belts are 45
percent effective, the agency's analysis of VW Rabbit occupant fatalities,
coupled with various estimates of automatic and manual belt usage,
indicates a fatality effectiveness range of from 39 to 54 percent - i.e.,
about the same as manual belts. Based on these studies and the possibility
that the two-point automatic belt may not be as effective as a manual
lap/shoulder belt in side impacts and rollovers, the agency believes that
two-point automatic belts may be 5 percentage points less effective than
lap/shoulder belts. The agency has no data on 3-point automatic belts or
the extent of manual lap belt usage with 2-point automatic belts. The
agency believes that both the 3-point automatic belt and the 2-point
automatic belt, when a manual lap belt is used, may be as effective as
manual lap/shoulder belts. Thus, the agency's estimate of automatic belt
effectiveness for fatalities is 35-50 percent, and for AIS 2-5 injuries is
40-55 percent. These are the same ranges as for manual lap/shoulder belts
except that the low end of the range has been lowered by 5 percentage

points.
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The agency has no specific analyses on the effectiveness of the automatic
belt system for AIS 1 injuries. The agency sees no reason why the
effectiveness of automatic belts should not be equivalent to the effectiveness

of the manual 3-point belt for AIS 1 injuries (10 percent).

C. Air Bag

As shown in Table 1V-1 the agency is now estimating air bag alone (without
belts) effectiveness as 20-40% for fatalities and 25-45% for AIS 2-5
injuries. Although the ranges are similar to those used in the Preliminary
Regulatory Impact Analysis (PRIA), the current ranges are based principally
on new analyses which the agency has conducted subsequent to the '
publication of the PRIA. The following sections will discuss these new
analyses as well as previous estimates, new computation of effectiveness
from ACRS field experience and other issues related to the effectiveness of

air bags.
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1. Historical Estimates of Effectiveness

In 1974, the agency estimated air bag effectiveness as follows:2?

1974 AIR BAG EFFECTIVENESS ESTIMATES
(FULL FRONT SEAT)

FATALITIES INJURIES

IMPACT AIR BAG AIR BAG AIR BAG AIR BAG
MODE . WITH LAP BELT ONLY WITH LAP BELT ONLY
Frontal 57% 57% 64% 64
Side 45 20 40 25
Rollover 50 15 50 15
Rear 0 0 0 0
Combined 45% 32% 39% 30%

effectiveness weighted

by probability of

occurrence

The effectiveness estimates assumed that air bags would be effective in
frontal impacts up to 35 mph. The effectiveness estimates for side,
rollover, and rear end impacts were based on engineering judgment. It was
also assumed that lap belt usage with air bags would be 60 percent -- the

level observed for manual belts with interlocks in 1974,

The agency estimated that 12,000 lives would be saved éhnually by air bags.
Since seat belts were already saving 3,000 lives a year at that time, the
incremental life savings for air bags over seat belts was 9,000, This
9,000 estimate persisted in later work, even after the substantial
reduction in fatalities brought about by the 1974 energy crisis and the 55
mph speed limit. It was argued by NHTSA that the 1974 national fatality
decrease resulted mainly from a decrease in the number of most severe

accidents, for which no air bag effectiveness was claimed; thus air bags

25 "Analysis of Effects of Proposed Changes to Passenger Car Requirements of

FMVSS 208," NHTSA, August 1974, Docket No. 74-14-N01-104.
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would have a higher overall effectiveness for the remaining fatal
accidents. However, fewer occupant fatalities also occurred on roads with
lower speed limits and fewer pedestrians were killed, two categories for
which high speed travel was irrelevant. Thus, some reduction, of

undetermined magnitude, in air bag benefits would be expected.

Another %actor that led to an increase in ‘estimated air bag effectivenesé
after 1976 was the results of the Restraint System Evaluation Project. The
high levels of effectiveness for seat belts, and the belief that air bags
were yet more protective, led the agency to believe that a higher level of
effectiveness should be ascribed to air bags. Further, the agency's
research in air bags was producing systems capable of restraining occupants

in 40 to 45 mph frontal crashes, even in some smaller car sizes,

Finally, given the overall number of passenger car occupant fatalities in
1975-76 and the reduction in seat belt usage, a 40 percent effectiveness,
instead of the previous 32 percent, was attributed to air bags without lap
belts, An estimated 9,000 incremental lives were still saved. In 1977,
the following estimates of air bag effectiveness were published:25

1977 AIR BAG EFFECTIVENESS FOR
AIS 4-6 INJURIES

Air Bag Air Bag
Impact Mode with Lap Belt Only
Frontal 7% 65%
Side 50 16
Rollover 65 5
Rear 15 10
Combined effectiveness weighted 66 40
by probability of occurrence
26

"Standard No. 208 -~ Passive Restraint Amendment, Explanation of
Rulemaking Action," NHTSA, July 1977, Docket No. 74-14-N10-011,
DOT-HS-802-523.
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Comparing the 1977 to the 1974 estimates, shows that 1) in 1974, frontal
impact effectiveness was assumed to be the same for air bags with and
without lap belts -- this assumption was changed significantly for 1977327
2) the 1977 effectiveness for side impacts and rollovers went up for air
bags with lap belts, but down for air bags only; 3) in 1977, an
effectivéness level was assumed for rear-impacts, where no estimate was
made for rear impacts in 1974. Overall, effectiveness was assumed to be 25
percent higher ((40-32)/32) for air bags only and more than 40 percent
higher ((66-45)/45) for air bags plus lap belts. All these estimates were
based on accident data for belted and unbelted occupants, laboratory
results, some favorable field accidents with air bags, and engineering

judgment,

Table IV-10 shows the 1977 effectiveness estimates, average AIS 2-5 injury
effectiveness estimates weighted by 1982 injuries,28 and average overall air
bag effectiveness, assuming 1983 driver belt usage of 14.0 percent would
continue with air bag cars. Using the 1977 analysis, average air bag
effectiveness for fatalities is 44 percent and for AIS 2-5 injuries is 26
percent for drivers. It is slightly less for the other front seat

passengers.

27 Economic Impact Assessment, Amendment to FMVSS No. 208, Occupant Crash

28 Protection," NHTSA, July 1977, p. 43,
Calculated as follows -- for example for air bags only -- of all AIS 2-5
injuries, 76.7 percent are AIS 2, 19.6 percent are AIS 3, 2.5 percent are
AIS 4, and 1.2 percent are AIS 5. Thus,
(76.7%x22 )+(19.6%x30 )+(2.5%x40)+(1.2%x40)=24.2 rounded to 24 percent. This
calculastion weights air bag effectiveness by the percent of injuries.
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TABLE IV-10
AIR BAG EFFECTIVENESS ESTIMATESZY
FROM THE 1977 ASSESSMENT FOR INJURIES

AIS AIR BAG

INJURY WITH

LEVEL AIR BAG LAP BELT

1 % 15%

2 22 33

3 30 45 1
4 40 66 |
5 40 66 ‘

AVERAGE AIR BAG EFFECTIVENESS
ASSUMING CURRENT LAP BELT USAGE

Air Bag

Air Bag  With  14.0 Percent 5.0 Percent30 8.4 Percent

Only Lap Belt (Driver) (Front Cntr) (Front Right)
AIS 1 2% 1% 1%
AIS 2-5
Average 24% 37% 26% 26% 26%
effectiveness
weighted by 1981
number of AIS 2-5
injuries
Fatality
ef fectiveness 40% 66% 44% 41% 42%

2, Field Data

Air bag cars in use consisted of manufacturers' test fleets of 831 1972
Mercurys, 1,000 1973 Chevrolets, and 75 1975 Volvos. In addition, 10,281
1974-76 Buicks, Oldsmobiles, and Cadillacs were sold to the public, for a
total of 12,187 air bag cars in the fleet. The agency has attempted to
keep track of fatalities and injuries in these vehicles and in a national

population of approximately equivalent cars with manual belts. While early -

§g Compared to unrestrained occupants.

Opinion Research Corporation "Restraint System Usage in the Traffic
Population," May 1983, DOT-HS-806-424, and "Progress Report on Restraint
System Usage in the Traffic Population,” Goodel Grivas, Inc., January 1984,



Iv-41

estimates of effectiveness were developed in 1976-77 using field data,
there were so few cars equipped with air bags and so few cases of serious

or fatal injuries that the results were meaningless. Even today, there are

so few cases that the results have little statistical meaning.

In 1979 and 1980, the agency published analyses of air bag effectiveness
based on field data.31 In the 1979 report, the agency compared air bag
equipped car fatalities (five fatalities were known at that time) to a
national population of equivalent cars. The results were that air bags
were 41 percent effective in reducing fatalities compared to unrestrained

occupants.

A second analysis performed in 1979 and updated in 1980 compared air bag
fatalities and injuries to a sample of GM cars weighing more than 4,000
pounds found in NHTSA's National Crash Severity Study (NCSS) file. At that
time, there were six known air bag fatalities. Air bag effectiveness
compared to unrestrained occupants was 54 percent for fatalities, 56

percent for AIS 3-4 injuries, and 43 percent for AIS 2 injuries.

New data would necessitate a recalculation of these estimates. Based on a
vehicle identification number (VIN) search of the FARS file, we now know
there were seven fatalities in air bag equipped cars as of December 1978,
rather than the five fatalities used in the 1979 analysis or the six

fatalities used in the 1980 analysis. These additional fatalities would

31 ngecupant Protection Program Progress Report No. 2," NHTSA, April 1979,
ppo 10-110 .

"Automobile Occupant Crash Protection, Progress Report No. 3," NHTSA, July

1980, p. 85.
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have lowered the previously stated effectiveness estimates for the air bag
fleet cars, However, rather than present recalculations of past analyses,
the agency will present its latest analysis, using the most up-to-date data

available.

The Preliminary Regulatory Impact Analysis contained a table comparing the
fatality rates for both the manufacturers' test fleets and the publicly
purchased 1974-76 Buicks, Oldsmobiles, and Cadillacs (ACRS cars). The
experience with the manufacturers' 1972 and 1973 model test fleets (which
have experienced a total of four front-seat fatalities, including two since
the publication of the Preliminary Regulatory Impact Analysis) is being

discounted in this final regulatory impact analysis for several reasons:

1. Many of the air bag systems were prototypes and not representative of

anticipated production systems.

2. Many of the air bag systems were removed during the lives of the

vehicles, complicating exposure calculation,

3. Many vehicles were fleet vehicles and thus underwent an exposure very
different from typical privately owned vehicles (e.g., some of the vehicles

were police vehicles).

The agency has refined its estimates of exposure for the 1974-76 ACRS
equipped cars by utilizing detailed R.L. Polk data to calculate precise
scrappage rates for each of the equivalent make/model combinations in the

ACRS fleet. The agency now knows of ten front seat fatalities which have
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occurred in the ACRS fleet (as well as four in the manufacturers' test
fleets). Two additional fatalities have occurred since publication of the
Preliminary Requlatory Impact Analysis. Using the refined estimates of
exposure through 12/31/83 and the total front seat fatality count of ten,
the computed air bag effectiveness over regular belt systems as used is now
0 percenF as compared tov16 percent in the Preliminary Regulatnry'lmpact
Analysis. (If the test fleets had been included in the calculation, the

effectiveness estimate would have been negative.)

It should be noted that the latest statistical analysis of air bag
fatalities differs from other effectiveness estimates in the chapter in
that it compared all fatalities in air bag cars (including some belt users)
to all fatalities in the control group cars (including some belt users) -
as opposed to "air bag only" versus "unrestrained only.” The reason for
this approach was analytic simplicity. It was considered appropriate given
the sparse data on air bag fatalities and problems with unknown safety belt
usage in FARS. It is recognized that the results are not identical to "air
bag only" versus "unrestrained" but the bias should be negligible in
comparison to the ~70 to +46 percent confidence bounds due to sampling
error, Further, the benefits of belt usage in the control group are offset
by approximately equal benefits of belt usage in the air bag cars, so the

bias is a second order effect.
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TABLE 1v-1132

Air Bag
Front Seat Effectiveness
Fatalities Estimated Fatality Rate Over Regular
In All Exposure Per Thousand Belt Systems
Accidents In Car Years (ar Years As Used
ACRS Car33 10 84,008 0.119 0%
National 1,527 12,784,000 0.119
Population34
of Equivalent
Cars with

Regular Belts

However, even today after 3 more years of exposure, this 0 percent

effectiveness figure has little meaning for a number of reasons:

1. Because of the relatively small sample size, a 90 percent confidence
interval indicates that the effectiveness could be anywhere in the range of
~70 to +46 percent. Thus, the field data are not statistically meaningful
except as supporting evidence for the studies described below which
indicate that effectiveness is unlikely to be on the order of 50 percent or

more.

2. Small changes in the number of air bag fatalities cause drastic changes
in effectiveness estimates. This is further proof that there are too few
air bag cars in the fleet to provide an effectiveness estimate which can be

viewed with confidence:

32 This analysis only includes front seat occupants. It should be noted that

there have been cases where children have been thrown from the rear seat to
the front seat and have been saved from serious injury by an air bag.
Fatalities and exposure through 12/31/83.

Fatalities based on FARS, 1975-81. Exposure based on Polk registration
data July 1, 1975-81.

33
34
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Observed
Air Bag 90 Percent
If Air Bag Fatalities Effectiveness Confidence Bounds
Had Been: Would Be: Would Be:
8 20 -43% to + 60%
9 10 ~57% to + 52%
10 (currently 0 -70% to + 46%
known)
1" -10 -82% to + 38%
12 -20 -94% to + 30%

3. The effectiveness estimate is "air bags as used" versus "manual belts .
as used," not "air bag only" versus "unrestrained." In the ACRS fleet,
there was 17 percent usage of lap belts, while 83 percent of the occupants
were protected by the air bag alone. In the control group of equivalent
1974-76 cars, there was exceptionally high seat belt usage during the first
few years, because many of the cars were equipped with the starter
interlock system. In order to estimate the effectiveness of "air bag only"
versus "unrestrained" it would have been necessary to deduct the belt users
from both the fatalities and the exposure totals, in both the ACRS and

the control group. This would have led to even more imprecise estimates
based on even sparser data. (Because all 10 of the ACRS fatalities did not
use the lap belt, it would actually have led to a negative effectiveness
estimate for "air bag only" versus "unrestrained" and a 100 percent

estimate for "air bag plus lap belt" versus unrestrained.)

4. The air bag and equivalent cars were very large cars, and are not
typical of cars being produced today. These cars had very low fatality
rates to begin with; thus it is more difficult for a restraint device to
show statistically significant effectiveness, with only a small sample, in

these large cars. For example, the front seat fatality rates in the
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equivalent large cars was 0.119. This was 40% lower than the 0.198 rate
for all cars in 1982, the lowest rate in recent history (21,200 front seat

fatals/106.9 million cars in use).>”

The agency has conducted a new analysis of air bag injury effectiveness
from fie}d data. The injury rates in the air bag equipped cars were
compared to the injury rates of occupants involved in frontal accidents of
similar severity and similar sized vehicles on the NCSS file. The weighted
air bag effectiveness in frontal collisions was 23.9 percent for AIS ) 2
and 38.2 percent for AIS } 3. These Tesults are in conflict with the
fatality effectiveness, which was calculated to be zero. The details of

this study are reported in the next section on new analyses,

The Pacific Legal Foundation argues (74-14-N32-1675) that the agency's
position that the effectiveness of air bags is understated in the field
data is incorrect. According to this commenter, the Department cannot know
of all of the fatalities that have occurred in accidents in air bag
equipped cars. The agency now has a tape listing all the vehicle
identification numbers (VIN) of the ACRS cars. This tape was matched
against the FARS file to check for ACRS cars involved in fatal accidents.
All fatal accidents which were previously reported to the agency throughr
normal reporting channels were found on FARS plus two previously unreported
accidents. The agency thus feels reasonably confident that this system is
yielding all fatal ACRS crashes, since FARS is a census, not a sample, of
all fatal accidents. The agency does not have a VIN tape for the non-ACRS

air bag cars and this along with the previously cited reasons is why

22 In-Use data based on R. L. Polk Data.
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analysis of the fatalities in this fleet have been dropped from this
analysis, PLF also questions the premise that the large size of the air
bag car models tends to hide the effectiveness of the air bag. However, in
the PRIA, the Department merely acknowledged that it is more difficult to
show statistically significant effectiveness because the control group cars

already have a very low fatality rate.

Ford suggested that the Department update the fatality rate of the base
population of equivalent cars with safety belt systems to include the 1983
FARS data to eliminate any bias which would be expected to result from the
difference in reporting periods (the ACRS fleet exposure is through 1983,
the control group exposure is through 1981). The Department did not update
the control group exposure because fatality rates per 1000 car years are

relatively stable if sample size is sufficient to minimize sampling error.

3. New Analyses of Air Bag Effectiveness

The best way to estimate the safety effectiveness of any new device is to -
analyze the accident experience of a large fleet of cars equipped with the
device. However, since the existing fleet of cars equipped with air bags
has been too small for statistically meaningful analyses of its accidents,

as was discussed in the preceding section, NHTSA explaored other methods.

The restraint effectiveness task force commissioned three separate in-house
studies of air bag fatal effectiveness subsequent to the publication of the
Preliminary Regulatory Impact Analysis. Each of the analyses used a

distinctly different methodology; however, they have two fundamental
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similarities. First, they all utilize the National Crash Severity Study
(NCSS) file as a fundamental source of accident data. The NCSS was a majbr
accident data collection program of the agency which began on January 1,
1977 and terminated on March 31, 1979. The combined investigations
represent 12,050 accidents, 25,237 vehicle occupants and 924 fatalities.
The accidents were sampled according to a plan designed to result in a
representative sample of accidents severe enough to require that the
vehicles be towed from the scene. Second, each study arrives at an
estimate of effectiveness inferentially rather than directly, since none of
the fatal accidents in the NCSS file occurred in air bag equipped vehicles.
The small number of actual crashes involving air bag equipped vehicles is
analyzed in the preceding section of this document. Effectiveness is
estimated by partitioning the NCSS accidents into various sub-groups by
distinguishing characteristics and then making judgments about whether an
air bag could prebent or mitigate injury or fatality in that sub-group.
Overall effectiveness is then calculated from a weighted total of the
individual judgments within the various sub-groups. A fourth study
conducted subsequent to the PRIA estimates AIS 2-5 injury effectiveness
from a file containing data on ACRS vehicle crashes by making comparisons
to non-ACRS cars in the NCSS file. The following sections will summarize -
the methodology and findings of each of the studies; more detailed
explanations can be found in the actual reports, which have been placed

into the FMVSS 208 docket.

Study #1 - Assessment of the Potential of Air Bags
to Prevent Car Occupant Fatalities Using NCSS Data,

S. Partyka
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The B46 front-seat occupant fatalities in passenger cars on the NCSS file

were partitioned into subsets according to factors judged to be relevant to
the life-saving potential of air bags. The subsetting process is detailed
in figures IV-1 thru IV-4. The potential of air bags is computed from the

diagram as follows:

1) Of the 924 fatalities, 92.80 percent of the known seating areas were
front.

2) Of these, 84.00 percent of the known forces were horizontal.

3) Of these, 73.27 percent of the known longitudinal delta V's were 12
miles per hour or greater directed towards the back of the vehicle, A
review of extent ione for missing versus completed delta V revealed no
obvious bias among these non-rollover frontal crashes.

4) Of these, 92.30 percent of those with known ejection status were not

totally ejected (or were ejected through the windshield).
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FIGURE IV-1 -~ CATEGORIZATION OF NCSS FOR AN
ASSESSMENT OF AIR BAG POTENTIAL

NCSS Car Front Seat
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IMX‘ - n
lLongitudinal Longitudinal Longitudinal
Delta V Delta V Delta V
12 mph and up Unknown Lll uph and lovei_J
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FIGURE IV-2
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FIGURE IV-3
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5) Of these, 66.14 percent were not trapped, 8.37 percent were unknown if
trapped, and 25.50 percent were trapped. None of these three categories
is discarded as being irrelevant to the effectiveness of air bags, but
each is studied separately. The data used for study are the intrusion
information, collected only for the last year of the NCSS (post-March).

Not trapped:

6a) Of the 82 fatalities not trapped in the post-March data, 78.05 percent
were in non-catastrophic crashes (or catastrophic crashes with less than a
20 percent occupant space reduction).

7a) Of these, only 35 had known injuries.

Ba) Of these 65.71 percent probably would have been saved by an air bag,
20.00 percent were killed by side or intrusion forces not protected against
by an air bag, and 14.29 percent might have been saved (there was some
intrusion, but the injuries might have been reduced in severity by an air
bag). Of those with a decision on the air bag potential, (that is,
excluding those who "might have been saved") 76.67 percent would have been
saved.

Unknown if trapped:

6b) Of the 9 fatalities unknown if trapped in the post-March data, 44.40
percen£ were in non-catastrophic crashes (or catastrophic crashes with less
than a 20 percent occupant space reduction).

7b) Of these, only 1 had known injuries.

8b) This person probably would have been saved by an air bag.

Trapped: .

6c) Of the 24 fatalities trapped in the post-March, 54.17 percent were in

non-catastrophic crashes (or catastrophic crashes with less than a 20

percent occupant space reduction).
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7c) Of these, only 7 had known injuries.

8c) Of these, 14.29 percent probably would have been saved by an air bag,
71.43 percent were killed by side or intrusion forces, and 14.29 percent
might have been saved by an air bag. (Of the cases with a decision of the

probable air bag effectiveness, 16.67 percent would haye been saved).

The estimation proceeds backwards, up the chain, accoubting for unknown
|
data. Three figures are calculated, for a range of eﬂfectiveness and a

most likely value, The figures are calculated as follbws:

MIN -~ A minimum potential eFFectiVenegs is calculated by
putting all of the "might have been saved" in the
"not saved" category.

MID -~ a most likely potential eFfect1Veness is calculated
by 1gnor1ng all of the "might hgve been saved",

MAX -~ A maximum potential effectiveness is calculated by
putting all of the "might have been saved" in the
"saved" category.

First, exclude the catastrophic crashes with more tha? 20 percent occupant

space loss (45.83% of the trapped occupants and 21.95% of the persons not

trapped).
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Trapped:

MIN = 14.29% * 54.17 % = 7.74 % savable

9.05 % savable

MID = 16,70 % * 54,17 %

MAX

28.57 % * 54,17 %

15.48 % savable

Unknown if trapped:
MIN = MID = MAX = 44,40 % * 100.00 % = 44.40 % savable

Not Trapped:

MIN = 65.71 % * 78.05 % = 51.29 % savable
MID = 76.67 % * 78.05 % = 59.84 % savable
MAX = 80.00 % * 78.05 % = 62.44 % savable

Second, account for the different savable rates for the different
categories of entrapment. The distribution of these categories for front
seat occupants subjected to horizontal forces of at least 12 miles per hour

longitudinally and who are not ejected is as follows:

64 = 25.50 % trapped
21 = B8.37 % unknown if trapped
166 = 66.14 % not trapped

The three savable rates are averaged according to the distribution of the

entrapment categories for the three levels, as follows:

MIN = 25,50 % * 7.74 % + 8.37 % * 44,40 % + 66.14 * 51,29 % = 39.61 % saved
MID = 25.50 % * 9.05 % + 8.37 % * 44,40 % + 66,14 * 59.84 % = 45.60 % saved
MAX = 25.50 % * 15.48 % + B.37 % * 44,40 % + 66.14 * 62.44 % = 48.96 % saved
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Third, to account for the ejection, crash severity, and horizontal forces

multiply by the factors that represent the rate of these subsetting

criteria.

MIN = 39,61 % * 92,30 % * 73,27 % * 84,00 % = 22.50 % savable
MID = 45.60 % * 92,30 % * 73,27 % * 84,00 % = 25.91 % savable
MAX = 4B.96 % * 92,30 % * 73.27 % * 84.00 % = 27.81 % savable

Thus, the range of potential air bag effectiveness computed from this
methodology is 22.5% to 27.8%. Several members of the restraint
effectiveness task force had reservations regarding some of the judgments
made regarding the ability of the air bag to protect occupants in certain
situations. Rear seat occupants, rollover, frontals with longitudinal
changes in velocity of less than 12 mph, side portal ejection and excessi
intrusion were some of the categories that received particular attention.
In response to these concerns "hard copy" review of a number of cases in
certain cells was conducted with a view toward making judgments about air
bag life saving potential on a case-by-case basis. After this review, it
was suggested that the upper estimate of potential air bag effectiveness
adjusted upwards to slightly above 30%. Other members of the task force
pointed out that the methodology implied 100% effectiveness in those
situations where the air bag was assumed to be effective. Historically,
even the most promising safety concepts have fallen far short of 100%
effectiveness even when analyzed for those particular kinds of accidents
which they were supposed to work; the point being that various judgments

could be made in one direction or the other in each of the cells and the

’

ve

be

in
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overall effectiveness would shift accordingly. Thus, the analysis must

rest on the assumptions and these assumptions translate into a potential

effectiveness of 22.5% to 27.8%.

Study #2 - Estimates of Fatality Reduction for Air Bags and

Lap/Shoulder Belts - C. Kahane

The technique used in this analysis was to examine a large representative
set of unrestrained fatal accident cases (NCSS). The computerized data
from each individual case was reviewed and judged as to whether an air bag
would have saved the victim. At the end of the review, the number of lives
Jjudged potentially "saved" is divided by the total number of cases to

obtain an estimate of air bag effectiveness.

The technique has the same obvious limitations as Study #1. A judgment
about. whether air bags would have been effective had to be made on the
basis of the relétively limited information that the data file provides
about each case. The judgment cannot be directly tested because it is, of

course, impossible to rerun exactly the same crash with air bags.

Therefore, to provide at least an indirect check on the results, the same
technique was also applied for lap/shoulder belts. Here, at least, there
have been enough statistical analyses of accident data to suggest that
effectiveness is in the range of 40-50 percent for belts. Thus, if this

technique produced a radically different estimate for belts, its validity
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for bags would become doubtful, In fact, the technique produced fatality

reduction estimates of 51 percent for belts, consistent with the 40-50

percent range, and 25 percent for air bags.

The basic "fault tree" analysis that was used for air bags proceeded as
follows:

NONDEPLOYMENTS VS. DEPLOYMENTS

DELTA VELOCITY > 45 mph VS. DELTA V < 45

CATASTROPHIC INTRUSION OR NON-CATASTROPHIC

\
EJECTEES NOT EJECTED

ANALYZE BY PORTAL AND ANALYZE BY CONTACT
CONTACT SOURCE SOURCE

The analysis for belts was similar except that the non-deployment step was
omitted and the cutoff point for delta V was 35 mph rather than 45 mph. The
specific details of the rationale for and use of criteria to make the fault

tree decisions is contained in the report.36

36 "Estimates of Fatality Reduction for Air Bags and Lap/Shoulder Belts,"
Charles J. Kahane, Office of Program Evaluation, NHTSA, February 1984.
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The result of the application of this technique is that air bags were
Judged to have been effective in 192 out of 781 unrestrained front-seat
fatalities, which is an effectiveness of 25 percent. Lap/shoulder belts -
were judged likely to be effective for 396 of the 781 cases or 51 percent.
Table 1V-12 summarizes the effectiveness results by crash mode. Air bag
effectivgness is estimated to be 39 percent in frontal crashes and 7
percent in nonfrontal crashes (including nondeployments). Belt
effectiveness is 44 percent in frontal crashes and 59 percent in
nonfrontals. The results for belt effectiveness, both overall and by crash
mode, are reasonably consistent with results of statistical analyses of
accident data and provide encouragement that the procedure is relatively
accurate, There are several reasons that air bags are estimated to be
slightly less effective than seat belts in frontal crashes, despite their
superior performance at high Delta V. One is that crashes with side damagé
and frontal (11-1:00) principal direction of force (PDOF), which are
included in the frontal group, tend to have occupant injury mechanisms more
characteristic of side impacts than frontals. The other reason is the

incidence of ejection and/or secondary rollover following frontal impacts.
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TABLE IV-12
AIR BAG AND BELT EFFECTIVENESS BY
CRASH MODE, BASED ON
CASE-BY-CASE ANALYSIS OF NCSS
UNRESTRAINED FRONT-SEAT FATALITIES

-
Air Bag Lap/Shoulder Belt
Effective? Effective?

Likely Unlikely Likely Unlikely

FRONTAL CRASHES
(frontal damage or 11-1:00 force) 167 259 188 238

NONFRONTAL CRASHES WITH LIKELY
OR POSSIBLE DEPLOYMENT

(side, top, back or under

carriage damage with secondary

frontal impact or 2-3:00,

9-10:00 or nonhorizontal force) 25 294 189 130

NONFRONTAL CRASHES WITH UNLIKELY
DEPLOYMENT 0 36 19 17

(side or back damage with

4-8:00 force and no secondary
frontal impact)

TOTAL 192 589 396 385

o/

Percent of NCSS Fatalities 25% 51%
(N=781)

Iables IV-13 and IV-14 run through the entire fault tree analysis for air
bags and seat belts, respectively, but with all crash modes lumped
together, The numbers in the lower sections of the two tables differ
slightly becausékthe aiftbag analysis excludes nondeployments but includes

crashes with Delta V between 36 and 45 mph.
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Approximately 40 percent of the fatalities involve speeds beyond the
capabilities of current production restraints and/or catastrophic intrusion
of .vehicle components into the space where the victim was seated. About 15
percent of the victims are ejectees in noncatastrophic crashes. Thus,
about 45 percent of the victims were in survivable crashes and remained in

the car. Between over half and two thirds of them were killed by contacts

with frontal interior surfaces,

Table IV-15 runs through the fault tree analysis separately for the three
crash modes (frontals, nonfrontals with likely or possible deployment,
nondep loyments). Moreover, the categories of crashes are defined in a

manner that air bag and seat belt benefits can be shown side by side.

Air bags are likely to be highly effective in frontal crashes that most
closely resemble laboratory tests, i.e., integrity is maintained (no
catastrophic intrusion, ejection, external objects entering the

compartment, or significant secondary impact). As Table IV-15 shows,
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TABLE IV-13
"FAULT TREE" ANALYSIS FOR AIR BAGS

Air Bag Effective?
Likely Unlikely

N of Case (781)

Nondeployments (36) 36
Likely or possible deployments (745)
Delta V > 45 (95) 95
Delta V € 45 or unknown (650)
Catastrophic intrusion (207) 207
Noncatastrophic (443) '
Ejection (112)
Thru windshield (8) 8
Not thru windshield (104)
Killed by frontal contact (1) 1
Killed outside car or nonfrontal contact
(103) 103
No ejection (331)
Killed by secondary nonfrontal impact (8) 8
Killed by primary impact (323)
Fire/immersion 9
External Object 19
Side/top contact 112
Frontal Contact 183 .
TOTAL 192 589
TABLE IV-14 :

"FAULT TREE" ANALYSIS FOR LAP/SHOULDER BELTS

Belts Effective?
Likely Unlikely

N of cases (781)
Delta V > 35 (135) 135
Delta V { 35 or unknown (646)
Catastrophic intrusion (220) 220
Noncatastrophic (426)
Ejection (114) 114
No ejection (312)
Killed by secondary nonfrontal impact (8) 8
Killed by primary impact (304)
Fire/immersion 9
External object 21
Side/top contact 106
Frontal contact 168

TOTAL 396 385
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about 57 percent of frontal fatalities with Delta V < 45 occurred without:
loss of compartment integrity. There was catastrophic intrusion at the
occupant's seat position in 31 percent of the cases (the majority due to
collisions with large trucks or trains), ejection in 7 percent and
secondary impact or external objects entering the compartment in 5 percent.
These are the reasons that overall air bag effectiveness in frontal crashes
on the highway is estimated to be 39 percent despite the near flawless

performance of air bags in laboratory tests,

Study #3 - Applicability and Effectiveness of Air Bag

Protection for Car Occupants - A. Malliaris

This analysis, like the two preceding analyses, utilizes the NCSS file for
a basic source of accident experience. However, unlike the other two it
only uses a subset of the file wherein there is a known principal direction
of force, known longitudinal delta V, case car injured unrestrained
occupants of known seating position, injuries (severity and source) and

age.

Air bag applicability was defined as the proportion of occupant casualties
that lends itself to air bag mitigation, according to the following three

criteria;



TABLE IV-15
"FAULT TREE" ANALYSIS FOR AIR BAGS AND
LAP/SHOULDER BELT, BY CRASH MODE

Air Bag Lap/Shoulder Belt
Effective? Effective?
Likely Unlikely Likely Unlikely

A. FRONTAL CRASHES (frontal damage; other
Impacts with 11:00-1:00 Force)
Delta V > 45 mph 83 83
Delta V § 45 or unknown

Catastrophic intrusion at occupant's
position by:

Train 3 3
Large Truck 52 52
Other vehicle or fixed object 51 51
Noncatastrophic Crashes with
Ejection
Thru windshield 4 4
Other portals
Killed in car by frontal contact 1 1
(36<4v<45)
Killed outside of Car or by non-frontal Contact
AV 35 or unknown 18 18
36 <AV £ 45 1 1

No E jection
Killed by secondary non-frontal impact 8 8
Killed by the primary impact (AVS 35
or unknown)

by exterior object entering vehicle 10 10
by fatal burns > 5
by nonfrontal contact

AV £ 35 or unknown 16 16
36 <AV 45 12 12
by frontal contact
AV < 35 or unknown 142 142
36 <AV K 45 20 20

TOTAL 167 259 188 238

G9-A1



TABLE IV-15 (CON'T)
"FAULT TREE™ ANALYSIS FOR AIR BAGS AND
LAP/SHOULDER BELT, BY CRASH MODE

Air Bag Lap/Shoulder Belt
Effective? Effective?
Likely Unlikely Likely Unlikely

B. NONFRONTAL IMPACTS WITH LIKELY OR POSSIBLE DEPLOYMENT
(side, top, back or botton damage; secondary frontal
. impact of 2-3:00, 9-10:00 as nonhorizontal force)

Delta V > 45 mph 12 12
Delta V { 45 or unknown

Catastrophic intrusion at occupant's position by:

Train 10 10
Large Truck ( 18 18
Other vehcle or fixed object 73 73
Noncatastrophic Crashes with
Ejection s
Thru windshield 4 4
Other portals
Killed in car by frontal contact 0 0
Killed outside car or by non-frontal
AV € 35 or unknown 83 83
36 <AV § 45 1 1
No E jection
Killed by exterior object entering vehicle 9 9
Killed by fatal burns or drowning 4 4
Killed by nonfrontal contact
AV { 35 or unknown _ 81 81
36 <AV 45 3 3
Killed by frontal contact
AV < 35 or unknown 21 21
36 <AV 45 0 0

TOTAL 25 294 189 130

99-A1



TABLE 1V-15, (CON'T)
"FAULT TREE" ANALYSIS FOR AIR BAGS AND
LAP/SHOULDER BELTS, BY CRASH MODE

Air Bag Lap/Shoulder Belt
Effective? Effective?
Likely Unlikely Unlikely Unlikely

C. NONFRONTAL CRASHES WITH UNLIKELY DEPLOYMENT
~ (4-8:00 Force; No secondary Frontal Impact) 1 1
Delta V > 45 mph
Delta V < 45 or unknown

Catastrophic intrusion at occupant's position by:

Train 0 - 0
Large Truck 6 6
Other vehcle or fixed object 7 7
Noncatastrophic Crashes with
£ jection
Thru windshield 0 0
fOther portals
Killed in car by frontal contact 0 0
Killed outside of or by non-frontal
AV 35 or unknown 5 5
36 <AV S 45 0 0
No Efection
illed by exterion object entering vehicle 2 2
Killed by fatal burns 0 0
Killed by nonfrontal contact
AV < 35 or unknown 9 9
36 <AV 45 0 0
by frontal contact
AV £ 35 or unknown 5 5
36 <AV < 45 1 1

TOTAL 0 36 19 17

L9-A1
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Qualified occupants must:

1) Occupy cars experiencing a longitudinal component of delta V larger
than or equal to 10 mph (air bag deployment criterion; runs were also made
for 8 and 12 mph);

2) Have at least one injury assigned to contact with frontal interior
components; and

3) Occupy cars that experience crash severities lower than a total delta V

of 45 mph (protection cutoffs of 40 and 50 mph were also tested).

A novel aspect of this analysis is that it recognizes the existence and
frequency of multiple injuries. It further recognizes that the outcome of
mitigating one or more injuries may be nil if the most severe injury
remains unmitigated. The probability of fatality is projected as a
function of the two most severe injuries according to an agency derived

algorithm,37

In examining the car occupants, each occupant's injury and source of injury
data set, both before and after the application of the mitigation criteria,
are addressed. Each occupant's overall AIS injury level and each
occupant's probability of fatality are tracked. Thus, a distribution of
occupants according to AIS as well as the projected fatalities, both beforé

and after mitigation criteria are applied, is derived.

et t—

37 p=(6.57 IS Mw (1.23) AIS 2,43 673 from "A Comparison of AIS and ISS
Predictions of Fatality on NCSS," S. Partyka, American Association for
Automotive Medicine, October 7-9, 1980,
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Another novel aspect of this analysis is the use of several different
concepts of effectiveness. In the baseline concept, any qualified injury,
after mitigation, is allowed a minimum severity of 1, or 2, or 3 depending
on crash severity. For longitudinal delta V values between 10 mph
(deployment) and 25 mph, the minimum severity of 1 is allowed. The minimum
value islraised to 2 or 3 when the said delta V assumes values in the
ranges 25 to 35 mph and 35 to 45 mph, respectively. This alternative is
Judged to give the most likely reflection of the performance of air bags of
the 1970's vintage. State-of-the-art air bags of this era met the FMVSS 208
injury criteria at speeds up to 45 to 50 mph in frontal collisioné. These
criteria were met with wide margins at lower crash velocities, but the

margins became very small as the crash speeds approached 45 to 50 mph.

An alternative mitigation concept was to assume full mitigation, that is
all qualified injuries are reduced to AIS 1 and no new injuries are induced

by virtue of deployment and restraint of the occupant during the crash.

A difficulty encountered with this analysis is the requirement for known
delta V and injury contact source since these data are often not available
‘in the NCSS file. For example, information about delta V is not usually
available in the case of catastrophic crashes (including almost all
collisions with large trucks or trains) or in crashes where the principal
direction of force is non-horizontal, for example, in rollovers.
Conversely, delta V information is usually available in horizontal,
non-catastrophic crashes and predominantly frontal crashes where it is
believed that the air bag is most effective. Thus, requiring the

availability of delta V information is expected to introduce a bias in
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favor of air bag effectiveness. In an attempt to minimize this bias, the
analysis was stratified by crash mode. In other words, individual
determinations of ai; bag effectiveness were made by crash mode. Results,
i.e., fatality reduction, are displayed in Table IV-16.

TABLE IV-16

Fatality Reduction
Catastrophic Direction Area of Incidence Fatalities

Crash Mode Damage of Force Damage Percent Percent
1 No Horiz Front 38.0 76.0
2 No Horiz Side 21.1 12.4
3 No Horiz Rear 1.2 0.0
4 No No-Horiz Any 1.6 22.9
5 Yes Any Any 28.1 27.9
All - - - 100.0 42.0

The overall effectiveness is calculated as the sum of the products
(incidence times reduction of casualties) in each mode, summed over all
modes, The most uncertain results in Table IV-16 are those concerning the
laét two crash modes, namely rollovers and catastrophic damage regardless
of the type of impact. Since these determinations are made on relatively’
few cases for which the needed information is available they are vulnerable
to biases and sampling errors, The conservative view is that in these two
strata the needed information is available more frequently for situations -
that involve some form of frontal impact, where the air bag is most |
effective. Accordingly, it is believed‘that the casualty reduction in
these strata may be over estimated. In recognition of the above potentiai
biases and for simplicity, the author considered two bounds of overall
effectiveness. The lower bound results from an adoption of crash modes 1
and 2 as shown in Table IV-16 and total elim}nation of modes 3,4, and 5
from any consideration. The resulting overall effectiveness is 31.5

percent. The upper bound adopts the results of Table IV-16 as shown
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yielding an overall effectiveness of 42 percent for fatality reduction. It
is believed that modes 1 and 2 would be subject to the same biases and

sampling errors, but probably to a lesser degree than modes 3, 4, and 5.

Table IV-17 shows the results of various sensitivity analyses which were
performed. Rows 2 and 3 show results for a deployment threshold of 8 and
12 mph respectively, compared to the baseline value of 10 mph. Air bag
protection cutoffs at 50 and 40 mph are the variations in entries number 4
and number 5 relative to the baseline cutoff of 45 mph.
TABLE IV-17
SUMMARY RESULTS OF SENSITIVITY OF AIR BAG EFFECTIVENESS
ESTIMATES TO VARIOUS INFLUENCING CONDITIONS

Fatality Reduction %

Condition lower Bound upper bound
1. baseline 31.5 42.0
2. deployment @ 8 mph 33.5 44.7
3. deployment @ 12 mph 30.6 40.8
4. protection cutoff @ 50 mph 34,0 45.4
5. protection cutoff @ 40 mph 27.9 37.2
6. larger reduction of injury severity 32.5 43.3
7. driver only 36.2 48.2
8. front passenger only 23.3 311

The variation displayed in number 6 involves a larger reduction in injury
severity. It assumes that the severity of all injuries qualified for
mitigation are reduced to a severity of AIS=1 throughout the domain of
applicability, from deployment at 10 mph to cutoff at 45 mph. The baseline
assumes that the injury severity increases from AIS=1 to 2 to 3; i.e., the
injury severity reduction decreases as the cutoff severity is approached.
The last two entries resolve the projected effectiveness by seating
position for driver and front seat passenger. The baseline refers to all

occupants.
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Ford arqued (74-14-N35-065) that this study was restricted to that group of
crashes in which air bags would be expected to be most effective. The
agency has already acknowledged that the most uncertainlresults are in the
rollover and catastrophic damage crash modes due to the absence of all
needed d?ta. On the other hand, there is no basis and it is unreasonable
to assume that no protection at all is offered in these crash modes. An
examination of the NCSS detailed data of crashes with catastrophic damage
reveals the following: These crashes are not as unsurvivable as they are
generally characterized., Based on 313 occupants recorded in NCSS for car
occupants in catastrophic crashes, the survival rate is 64 percent, even |

without the benefit of any form of restraint.

Renault expressed the view (74-14-N35-050) that air bag effectiveness could
not exceed 20 percent because the protection is not omnidirectional. They
claimed that protection was poor in the case of successive impacts and is
non-existent in the case of ejection. Renault did not supply any data in
support of their claim. The agency's analysis of unrestrained fatalities
showed enough persons killed by simply striking the object directly in

front of them to justify estimates higher than 20 percent.

Similar considerations hold for crash modes with non-horizontal impact. In
such modes the most severe impact may be non-horizontal, but secondary
impacts exist--either before or after the most severe impact--of sufficient
force to deploy the air bag and provide some protection by cushioning the

occupant and/or by reducing the rattle space during the rollover.
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The Pacific Legal Foundation and Volkswagen (74-14-N35-046) criticized the
agency's new studies as being subjective and based on the assumption that
air bags work more or less as predicted. Current biomechanics knowledge is
sufficiently adequate to lend confidence to such an assumption, based on
laboratory data and the fact that air bags have at least been deploying
when needed based on field experience and statements made by manufacturers.
Section 4 of this chapter summarizes the results of the extensive testing

of air bags that the agency has conducted over the past 10 years.

Study #4 - Air Bag Injury Effectiveness from Field Data.

The National Center for Statistics and Analysis (NCSA) maintains an
automated data system on air bag vehicles that have been involved in
accidents investigated by NHTSA. For each accident, this data system
contains information regarding the accident severity and level of injury of
occupants. Although this file was developed primarily for case retrieval
and tabular summary purposes, it does have vaiue for certain quantitative
analyses, The file was last up-dated on December 22, 1983 and at that time

contained data on 547 accidents and 778 occupants of air bag equipped

vehicles.

The file was screened for front seat occupants of air bag equipped vehicles
involved in frontal accidents with known delta V and injury level. A
comparable search was made of the NCSS file with the further restrictions
that the occupants were unrestrained and in a standard full size or luxury

car, since the ACRS cars are all large cars. Table IV-18 displays the
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AIS32 and AIS)3 injury rates for both the ACRS and NCSS car occupants., The
ef fectiveness of air bags, calculated for each 10 mph increment of delta V

is-also displayed in Yable IV-18.

TABLE Iv-18
AIR BAG FIELD DATA COMPARISON WITH NCSS - FRONTAL CRASHES

Percentage Distribution of Occupant Injuries and Effectiveness by Delta V

TOTAL  ~ AIS »2 (%) AIS 3 3 (%)  ACRS EFFECTIVENESS -
v OCCUPANTS NCS578 ACRS39 T NCSS  ACRS Zr 3+
NCSS ~ ACRS
1-10 3914 73 4.4 1.4 1.0 0 68.2%  100%
11-20 3150 92 15.0 12.0 4.7 3.3 20 29.8
21-30 485 39 38.7 38.5 21.6 10.3 0.5 52.3
31-40 79 8 66.1 50.0 37.3 25.0 22.2 33
41+ 46 2 91.8 100.0 73.8 100.0 -8.9 -35.5
WEIGHTED : |
AVERAGE 12.08% 9.19% 4.63% 2.86%  23.9% 38.2%

The effectiveness was calculated for ranges of delta V in an attempt to
normalize the differences in severity distribution between the NCSS and
ACRS files. The agency believes that there has been significant
underreporting of ACRS crashes, particularly at the lower severity levels.
If the less severe ACRS crashes have indeed been underreported this would
lead to a reduction in apparent air bag effectiveness. In any event, the.
data in the ACRS file is very sparse, particularly at the higher delta V'é
and higher AIS levels, and the results thus have limited statistical
significance. However, several noteworthy trends are evident from Table

Iv-18. First, the air bag appears to have a noticeably higher

28 NCSS

Standard full size and luxury cars in NCSS file, unrestrained front seat

39 occupants in frontal crashes.
ACRS FIELD DATA

Full size GM and Ford vehicles equipped with air bags, front seat occupants

in frontal crashes.
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effectiveness at the higher injury levels (AIS 3 3 as compared to AIS » 2).
This trend is consistent with the crash test data and intuitive reasoning.
A case by case review of the air bag crash injury data shows that the AIS32
injuries include a large number of upper and lower extremity injuries. The
arms and legs of the air bag restrained occupant are not necessarily
contained by the bag and may be free to contact the interior surfaces of

the vehicle.

The second trend evident from Table IV-18 is that the air bag appears to be
most effective in the delta V range of 21-30 mph and tails off in the speed
ranges above and below. Once again this is consistent with the crash test

results and intuitive reasoning.

Third, contrary to a widely held belief that air bags only deploy at
delta V above 10 mph, Table IV-18 shows that 34 percent of the deployments
in frontal crashes occurred below 10 mph and that the bags were apparently

effective at mitigating injuries at those speeds.

The effectiveness results by delta V were weighted according to the
distribution of injuries by delta V within the NCSS file. The weighted sum
of injuries and effectiveness over the entire speed range was calculated to
be 23.9% for AIS 2 2 and 38.2% 3, 3. It must be remembered that these

values are for frontal accidents only and would be lower if side, rear and

rollover crashes could have been included in the calculations. However,

they are interesting particularly because they do show reasonably high
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effectiveness for the more severe injuries and as such disagree with the

fatality effectiveness from the field data which is now calculated to be

zZero.

Ford contends that this study contains serious and discrediting
methodological flaws. The basis for this conclusion appears to be a
belief that the calculated effectiveness values for the 1-10 mph delta V
range are too high. Ford says: "Even if a few air bags do deploy in
accidents below 10 mph delta V, it doesn't seem plausible that those few
deployments could mitigate over two-thirds of the moderate or greater

injurjes."

Analysis of the computerized file of the air bag fleet experience indicates
that 29.3 percent of all air bag deployment cases occurred at 10 mph or
below. Thus, Ford's contention that deployments do not occur below sensor
threshold velocity is erroneous. Threshold velocity is defined as the
perpendicular fixed rigid barrier car crash speed below which air bag
deployment will not occur. Certainly it is easily perceived that a crash-
engaging less than full frontal cross section of a car might not cause a
longitudinal car delta V reaching threshold, but could impart local vehicle
crush rates at the bumper impulse detector which prematurely anticipates a
delta V sufficient to initiate air bag deployment. The agency does concede
that there is large uncertainty in the 0-10 mph effectiveness figure since
it is based on one injured occupant; however, as Ford points out the

AIS 3 2 and AIS » 3 effectiveness estimates are 13.8 percent and 50.8
percent even when the 1-10 mph data are excluded. The agency agrees with

Ford that it would be helpful to further match the air bag and NCSS samples
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using damage pattern, object struck, occupant age, sex and seating
position, However, as Ford points out, there are too few air bag cases

available to allow this more refined estimate.

4. Other Studies of Air Bag Effectiveness

General Motors Safety Research and Development Laboratory conducted an
in-depth case-by-case field accident fatality study of restraint system
effectiveness in 1973.40 A jury of four engineers, whose backgrounds
included experience in the design, development and testing of both active
and automatic restraint systems, analyzed accident cases involving 706
fatally-injured occupants. After determining the series of events and
complications which led to an occupant's death, each restraint system
considered was rated for its likelihood of fatality prevention. The
restraint systems chosen for evaluation and the resultant fatality

reduction potential were as follows:

lap belt alone - 17%
lap and shoulder belt - 31%
air bag - 18%
air bags and lap belt 29%
Methodologically this study appears to be sound and is quite similar to

several of the recent studies performed within the agency. However, all

the results appear to be on the conservative side, particularly the belt

restraint numbers, which we now believe to be higher.

40 Restraint System Effectiveness -- A Study of Fatal Accidents, Richard

Wilson and Carol Savage, Proceedings: Automotive Safety Engineering
Seminar, June 20-21, 1973,



Iv-78

One possible explanation for the different results is that the collection
of 706 fatals may not be a nationally representative sample, Comparing,
for example, the fatals by collision configuration in the GM sample with
the 1982 FARS results shows some rather substantial differences,

particularly for frontal collisions where air bags are expected to be most

effective.

Incidence, Percent
Collision Configuration 1982 FARS GM File

Frontal 55.2 44,1

Side 26.9 27.2

Rear 5.0 1.0

Rollover 12.9 20.5

Other - 7.2

Total 100.0 100.0

Pacific Legal Foundation argued (74-~14-N35-078) that DOT used precisely the
same type analysis that GM had offered and NHTSA had rejected in the 1977
rulemaking on automatic restraints. The agency agrees that we are now
adopting a methodology on air bags that we previously had reservations
about. However, the agency believes that the new studiés offer significant
refinements over prior work. The néew studies use the NCSS file as a base .
and as such should be more represéntative of the national accident picture.
Most of the decision making process was done by computer using specific
objective criteria. This is not to say that the process does not involve a
degree of judgment, which it does. Results were reviewed by the Task Force
and other agency personnel representing a wide range of technical expertise
and should reflect a degree of impartiality, which may or may not have been

present in the GM study.
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Ford Motor Company published a study on restraint system effectiveness in
1971.417 For each of 15 occupant restraint systems studied, mathematical
modeling of the occupant restraint - vehicle system established potential
head and chest decelerations of the occupants in a number of narrowly
categorized crash situations. Human tolerance formulations were used to
then conyert these decelgrations into effectiveness values for each crash
situation studied. These effectiveness values, which reflect the ability
of a restraint to save lives in each given crash situation, were then
applied to accident data showing the relative frequency of fatalities
occurring in each such situation, Summing the results for all situations

leads to an overall estimate of lives saved by each restraint.

The overall fatality effectiveness estimates derived from this methodology

for passenger car occupants were as follows:

lap belt alone - 40,2%

lap and shoulder belt - 58.2%

front seat air bag - 27.2%

front seat air bag w/lap belt -~ 45.3%
The results of the Ford study are of course largely a function of the
mathematical models used, human tolerance levels chosen and the breakout of
accident data that was available (1969 data) at the time of the analysis.v
Although much of this data is now rather obsolete, it is interesting that

the estimates of restraint effectiveness are not all that different from

the agency's current estimates.

41 Restraint System Effectiveness, Ernest S. Grush, Shermen E. Henson and

ODrville R. Ritterling, Report No. S-71-40, Ford Motor Company, Automotive

Safety Affairs Office, September 21, 1971.
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Donald F. Huelke and others in a 1979 study42 estimated the number of deaths
and injuries that could be prevented by various restraint systems. Three
experienced crash investigators reviewed data concerning fatalities of

front seat car occupants that had occurred at high speeds in rural areas.
The researchers investigated these deaths between January 1, 1973 and
December 31, 1977. Fatalities that occurred in vans, pickup trucks, larger
trucks and the rear seats of cars were excluded from the review. Of the

101 people killed (under conditions within the range of the study) only

four were wearing belts.

One significant conclusion of the Huelke 1979 study was that approximately
42-51 percent of the people killed had no chance of survival, regardless of
the type of restraint used. The General Motors 706 case study came to a
similar conclusion. The specific results of the Huelke study with regard
to potential effectiveness of various restraint systems for reducing

fatalities were as follows:

lap belt - 9.2-15.9%

lap shoulder belt - 30.6-32.4

air bags alone - 23.2-27.4

air bag and lap belt - 32,6-35.3
This study suffers from the same deficiency as the General Motors study in
that the representativeness of the sample of accidents is unknown. As the

author points out, the accidents are predominantly high speed and rural and

thus would tend to understate effectiveness.

4z Donald F. Huelke and others, "Effectiveness of Current and Future Restraint
Systems in Fatal and Serious Injury Automobile Crashes," SAE 790323, 1979.
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6. Summary and Conclusions -- Air Bag Effectiveness

The preceding sections have discussed a number of new analyses and
summarized some prior analyses of air bag effectiveness. The agency based
its latest estimates (as detailed in Table IV-1) principally upon the new
studies Fhat have been conducted. The agency has greater confidence in
these new studies principally because they are based on the NCSS file,
which is a relatively large, representative seF of unrestrained fatal
accident cases. However, even the results of the new analyses have some
uncertainty. For the most part they rely heavily on judgments about
whether an air bag would save a victim. This technique has obvious
limitations, Death in highway accidents is very unpredictable; many people
have walked away from seemingly unsurvivable wrecks, while others are found

dead at the scene of a low severity accident with no obvious aggravating

factors to account for the fatality.

There is little disagreement over the conclusion that air bags will likely
function very well in frontal or near frontal collisions up to speeds
approaching 45 mph in which passenger cbmpartment integrity is maintained
and that bags will offer little or no protection in rear end collisions.
However, uncertainty underlines the attempts to estimate air bag
effectiveness in side or angle impacts, in rollover crashes and in
catastrophic frontal crashes. The agency is undecided on the latter and
the wide range of estimated effectiveness is a reflection of that

uncertainty.
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The lower end of the range (20-25%) is generally consistent with the
assumption that air bags will have fairly low effectiveness in side,
rollover and catastrophic frontal érashes. As progressively more
optimistic assumptions are made regarding their performance in these types.

of crashes the overall effectiveness estimate approaches 40%.

The earlier studies done outside the agency loosely fit the general

- conclusions described above; i.e. conservative estimates of effectiveness
in crashes other than non-catastrophic frontal have led to estimates toward
the lower end of the range. Given the great diversity of analytical
techniques employed and the large time spans among the various studies,

their consistency is quite remarkable.

The field data on air bag effectiveness for fatalities (zero effectiveness,
with upper confidence bound 46 percent) were not used by the agency in
calculating its final determination of air bag fatality effectiveness
except to the extent that they discouraged the agency from contemplatingr
values of air bag effectiveness substantially above 40 percent. These daﬁa
were inconsistent with injury data for the same cars, were too sparse, and

had confidence bounds that were too wide.



V. RESTRAINT USAGE

This section on restraint usage is divided into two parts. The first
presents and discusses data on seat belt usage. The second part presents
the derivation of the usage estimates used in the calculation of benefits

for the several types of restraint systems.

Observed daytime manual belt use by drivers in 19 major cities throughout
the country has been 11-14 percent over the 1978-1983 period. Automatic
belt usage in the relatively few vehicles with automatic systems has been
close to 80 percent. However, many of these systems were purchased -
voluntarily and usage thereof is likely higher than if they were a required
installation. In addition, the great majority of these automatic systems
have ignition interlocks, which prevent the cars from being started without
the belts in place; future systems are not expected to have this feature ---
and the Department is prohibited by law from requiring them -- and usage

will probably be substantially less.

Given the uncertainty about public acceptance and usage of automatic belts,
a range of automatic belt usage is estimated -- 20%-70%. This estimate is
based on surveys on manual belt usage rates and an analysis which compares
survey data on wﬁy people do not use their manual belts with the

characteristics of automatic belts which might obviate these stated

reasons.
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A range of manual belt usage that could be realized under mandatory seat

belt usage laws is also estimated. Based on the experience in the Canadian
provinces and 17 other countries that have enacted mandatory usage laws and
for which data are available,a range of 40-70 percent manual belt usage is

estimated.

Air bags are not used per se; however, there are factors which might render
the air bag unavailable for protection in certain instances. It has been
estimated that about 2% of all vehicle exposure may be without air bag
protection, resulting in an air bag "readiness factor" of 98%. Three
factors were considered as contributing to reducing the readiness factor:
failure to repair or replace the air bag after a prior deployment,

deliberate disablement or removal, and basic reliability of the system.

A. Seat Belt Usage Data

1. Manual Belts

a. 0Observational Surveys

The agency has collected safety belt usage data in 19 cities nationwide
since 1978. Observed daytime driver usage of manual safety belts in these
cities was 14.0 percent in 1983 (See Table V-1). Front seat passenger

belt usage is lower than driver usage. In 1983, front center passenger

seat belt usage was 5.0%; front right passenger seat belt usage was B.4%.



For this analysis, the ageycy did not adjust the current rate of 14.0% seat
belt usage for drivers, 5% for front center seat occupants and 8.4% for
front right seat occupants for possible future changes. Higher usage of
manual belts in the future would reduce the estimated benefits for the

several alternatives, Lower manual belt usage than shown would have the

opposite effect,

TABLE V-1
OBSERVED DRIVER USAGE OF SEAT BELTST
1978 13.0%
1979 10.9%
1980 Not Collected
1981 11.4%
1982 11.3%
1983 14.0%

b. Persornl Interview and Telephone Surveys

Several nationwide surveys conducted for NHTSA have included questions on
respondents' seat belt usage. Table V-2 shows the results of B surveys
conducted over the 1978-1984 period. In part A, the results of 6 of the
surveys are presented for comparison by aligning usage response categories
as follows: 1) "always or almost always" to include "almost all the time"
and "always;" 2) "more than half the time" to include "most of the time;"
3) "less than half the time" to include "only sometimes" and "sometimes;"

and 4) "never or almost never" to include "rarely" and "never".

1 Source: 1978-1982 --
"Restraint System Usage in the Traffic Population," Opinion Research

Corporation, May 1983, DOT HS-B06-424, p.2.

Source: 1983 --
"Progress Report on Restraint System Usage in the Traffic Population,

Goodell-Grivas, Inc., January 1984.
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TABLE V-2
RESL'.TS OF SURVEYS ON MANUAL
SEAT BELT USAGE

(Percent)
A.
19782 19783 19794 19807 19826 19847
Always or Almost 16 24 24 22 19 19
Always
More than Half the
Time 9 8 8 6 14 21
Less than Half the
Time 18 15 18 14 28 30
Never or Almost
Never 56 52 S0 59 39 30
B.
19818 19826 19837
Frequent 22 29 33
Sometimes 38 30 34
Infrequent 40 41 33

Home interview survey, 2,016 respondents; "Public Attitudes Toward Passive
Restraint Systems," DOT-HS-B03-570 Peter D. Hart Research Associates, Inc.,
August, 1978.

Telephone survey, 1,500 respondents; "1978 Survey of Public Perceptions on
Highway Safety," DOT-HS-803-179 Teknekron Research, Inc., September, 1978.
Telephone Survey, 1,500 respondents;" 1979 Survey of Public Perceptions on
Highway Safety," DOT-HS-805-165 Teknekron Research, Inc., July, 1979.
Telephone survey, 1,500 respondents; "1980 Survey of Public Perceptions on
Highway Safety," DOT-HS-805-702 Automated Services, Inc., September, 1980,
Telephone survey, 1,020 respondents; "A Study of Demographic, Situational
and Motivational Factors Affecting Restraint Usage in Automobiles,"
DOT-HS-B06-402, "Lawrence Johnson and Associates, Inc., February, 1983.
Telephone Survey, 1,000 respondents; "Trends in Public Knowledge and
Attitudes Toward Occupant Restraint Systems,” McGinley Marketing Research
Co, Inc., monthly report, January 1984.

Telephone survey, 1,200 respondents; "National Safety Belt Study", F.
Newport and L. Tarrance, September, 1981.

Telephone survey, 1,000 respondents; "Impact of Travel Patterns and Driving
Behavior on Crash Involvement,”" V. Lance Tarrance and Associates, July
1983, DOT-HS5-806-458.,



Part B shows the results of two additional surveys, which derived three
seat belt usage categories -~ frequent, sometimes, and infrequent. Part B
also includes this classification as reported in the Lawrence Johnson and

Associates survey.

As shown, the results of these surveys are fairly similar. From 16 to 24
percent of the respondents say thgy use seat belts always or almost always.
Notice, however, that this percentage is somewhat higher than the findings
of observational surveys (Table V-1).'0 There is a large variance among
surveys in the proportion of those saying they use seat belts never or
almost never; this group comprises 30-59 percent of the respondents (30

percent--January 1984 ).

c. Surveys on Reasons for Using/Not Using Belts

Many surveys have been conducted to ascertain the reasons that people do or
do not wear seat belts. Table V-3 reports the results of two telephone
surveys sponsored by NHTSA in 1979 and 1980, conducted by Teknekron and
Automated Services, respectively. There have been a few more recent

national surveys on the subject, two of whose results are presented in

section XI. The manner in which the question was asked, the categories

into which responses are summarized, and the percentage distributions

thereof vary somewhat from survey to survey. It is felt that the two

10 This tendancy for respondents to over report their seat belt use was
documented by Waller and Barry in their 1969 report; "Seatbelts: A
Comparison of Observed and Reported Use;" P. Waller and P. Barry, The
University of North Carolina Highway Safety Research Center, May 1969,
DOT-HS-~007-113,



surveys sponsored by the agency that are presented herein firm a reasonable
basis for estimating a range of future usage rates for automatic belts as

presented later in this section.

TABLE V-3
REASONS FOR NDT WANTING TO USE MANUAL BELTS
(Percent)
Teknekron11 Automated Services12
Reason 1979 1980
Don't want to be bothered, 13.9 21.7
lazy, forgetful
Uncomfortable 13.2 15.5
Inconvenient to use 15.1 17.2
Don't want to be restrained 7.7 8.8
Afraid of being trapped in 10.7 11.0
car during accident
Doubt value of safety measure 4,5 5.8
Other 17.9 6.1
No reason 171 13.8

The surveys indicate that one of the primary reasons that people do not
buckle up is that they do not want to be bothered and are lazy and/or
forgetful. These problems could be negated by automatic belt systems. Other
major considerations that hold down belt usage are lack of comfort and
inconvenience of use. These factors may or may not be influenced by
automatic belts, depending on the specific belt designs and the true

underlying reasons manifest in this particular response. Other reasons

given for non usage -- "Don't want to be restrained," "afraid of being

11 %1979 Survey of Public Perceptions on Highway Safety," DOT-HS-805-165
Teknekron Research, Inc., July 1979, p.34.

12 w1980 Survey of Public Perceptions on Highway Safety," DDT-HS-805-702
Automated Services, Inc., September 1980, p.45.
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trapped in car during accident," and "doubt value of safety system" ar‘e not
likely to be overcome by automatic belt systems but instead may be amenable

to solution through educational programs.

In 1977, General Motors funded a research project conducted by Market

Opinion Research (MOR)'3 to determine what factors affect seat belt usage
and to devise strategies to increase seat belt usage. The MOR Study found
that the most significant factors affecting belt usage, in their order of

most frequent occurrence, are:

1) Attitude - Overall feelings about necessity of using belts, including

(misplaced) fear of being trapped by belts during an accident.

2) Interaction - Driver or passenger asks them to wear belts. The
respondents also stated that when the source of encouragement was more

remote (media campaign), it was less compelling.

3) Comfort and Convenience - MOR concluded that although inconvenience is

a significant complaint (about one-third of the individuals so complained),
it does not generally affect the decision either to begin using belts or
continue their use, Comfort and convenience are more secondary than
primary factors. However, freedom of movement is a characteristic that can

lead to increased use.

13 wan Analysis of the Factors Affecting Seat Belt Use, "Market Opinion
Research, 1977.
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4) Belt Design and Car Size - The smaller cars have higher usage. The

more complex the belt system is, the less it is used; the more freedom of
movement it allows, the more often it is used; the more severe the warning
system (starter interlock, continuous buzzer, 4-8 second buzzer, light),
the higher the rate of disconnect; however, these coercive devices resulﬁ

in higher usage rates.

5) Events - People wear belts more often in adverse weather; people try
belts more often at the time of a new car purchase and during driver
training than at other times. Those who develop the habit of attaching

belts, as part of a check-off system to start the car, habitually wear

them.

6) Demographic Characteristics - A composite sketch of the typical user
reveals a person who is married, with a high education level, and in a

high income range.

MOR fodnd belt usage similar to that found in the studies conducted for
NHTSA -- 17% confirmed belt useré, 40% moderate belt users, 43% non-users.
MOR believes that at the high end of the range, all moderate belt users

could become confirmed users -- making total usage 57%.
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Although MOR did not find comfort and convenience of major importance, an

SAE paper'4 which was based on the MOR study, states that "the comfort and
convenience of the belts, or other safety systems, is the key in

determining the use of that system."

Another outcome of the MOR study is that for non-users of belts, the most
important factor relating to seat belt use is a "new car." This suggests

that people might try the seat belts in a new car.

2. Detachable Automatic Belts

As discussed in the October 1981 Analysis,15 the Department does not have
data which can be used to precisely predict detachable automatic belt
usage. The limited data available were gathered in three ways -- (1)
observation of on-road usage, (2) usage from accident reports, and (3)

telephone surveys.

a. Observed Usage

Detachable automatic belts were installed in approximately 390,000
1975-1982 model year VW Rabbits. In 1983, when automatic belts were
marketed by VW as an option rather than standard equipment, fewer than

4,000 Rabbits were sold with the automatic system. A total of 10,000

4

14 np Comparative Analysis of Factors Impacting on Seat Belt Use," Timothy J.
Kuechenmeister (GM), Andrew J. Morrison (MOR) and Mitchell E. Cohen (MOR),
June 11-15, 1979, SAE 790687.

15 "Final Regulatory Impact Analysis, Amendment to FMVSS No. 208, Occupant
Crash Protection, Rescission of Automatic Occupant Protection

Requirements," NHTSA, October 1981,



1978/1979 GM Chevettes were sold with detachable automatic belts. The 1980
Chevette was equipped with a non-detachable belt and will be discussed in
section 3. Goodell-Grivas, Inc. observes and records seat belt usage data
for NHTSA in 19 cities. The most recent data, collected over the
May~October 1983 period, show the following results:

TABLE V-4

BELT USAGE DATA-1983

Automatic Belt Manual Belt
Usage Observations Usage Observations
VW Rabbit 74,9% 398 30.6% 1,092
Chevette 82.4% 17 15.0% 1,315

The preceding table indicates that VW Rabbit drivers are using their
automatic belts about 75 percent of the time and Chevette drivers about 82
percent. However, the number of Chevette observations is too small to be
considered reliable and also may include some observations of 1980 MY
vehicles with the non-detachable belt system. Table V-5 combines data

from all observations from November 1977 to October 1983, Data for 1982 and
earlier years were collected by Opinion Research Corporation. The
aggregated data suggest that VW Rabbit usage may have fallen off
approximately 5% in recent times from the six year average of 80%. Chevette
usage exhibits the opposite trend with recent usage being 15% higher;
however, it must again be pointed out that the recent data are very
limited. While even the combined Chevette data contain too few

observations to draw precise usage estimates, the 95% confidence bounds



being 54 to 83% usage, usage rates within this confidence interval are from
four to six times the manual belt usage rate of 14 percent, indicating that
the automatic Chevette system substantially increased usage.

TABLE V-5

BELT USAGE DATA-1977-1983

Automatic Belt Manual Belt
Usage Observations Usage Observations
VW Rabbit 80% 1,343 32% 3,380
Chevette 70% 43 14% 4,691

In order to ascertain any change in automatic restraint usage as vehicles
age, observational data on restraint usage in VW Rabbits were collected by

model year from November 1980 to October 1982 (Table V-6).

TABLE V-6
USE OF RESTRAINTS IN VW RABBITS16
Automatic Manual
MY Observation % Usage Observation % Usage Difference
75 6 50.0 75 28.0 22.0
76 27 70.4 101 25.7 44,7
77 41 87.8 109 22.9 64.9
78 77 87.0 158 24.7 62.3
79 83 89.2 190 27.9 61.3
80 97 84.5 192 30.2 54.3
81 63 90.5 97 24.7 65.8
82 4 100.0 16 31.3 68.7

Table V-6 indicates that the automatic belt usage rate remains relatively
constant and at a high level for perhaps the first 5 years of vehicle use.
(The midpoint of the observation period was November 1981.) The data

suggest that usage tapers off after roughly the 5 year mark, which may

16 NHTSA tabulation based on data collected November 1980-October 1982 by
Opinion Research Corporation; reference: "Restraint System Usage in the
Traffic Population,”" ORC, May 1983, DOT-HS-806-~424.
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partly reflect the attitudes of second or third owners, but the number of
observations is too small for the early model years ta reach a firm
conclusion in this regard. There is no known reason, however, why usage

would drop dramatically in the sixth year or so.

The automatic restraint system usage rates discussed above cannot be
considered rates likely to be achieved for detachable automatic belts inr
the national fleet of vehicles for the following reasons: 1) both the Vwr
system and the MY 1978-79 automatic belt-equipped Chevettes had ignition-
interlocks, which have been shown to greatly increase usage. The
Department cannot require ignition interlocks and it is unlikely that
vehicle manufacturers would voluntarily include them; 2) VW owners appear
to be atypical regarding seat belt usage judging by their manual belt usage
rate of 32%, which is more than twice as high as the observed fleet average
usage. However, this does not obviate the fact that features of the
automatic system itself that brought about substantial increases in usage
over manual belt rates, might increase usage in other vehicles as well,
although automatic belt usage likely would not be as high as in
Volkswagens; 3) both cars were subcompacts, which have higher usage than;
larger cars; 4) some Rabbit and Chevette owners opted for (i.e.,
voluntarily purchased) the automatic belt, although as discussed below, the
restraint system appeared to play only a minor role in the purchase

decision (page V-19).

Ancther possible source of data which might help predict the usage of
detachable automatic belts is a study conducted in 1978-1979 by General

Motors. This study examined the usage rates of several different types of



restraint systems in rental cars at a Florida airport. In this survey, GM
fitted ninety Chevette rental vehicles with five different restraint

systems and an onboard electronic monitor to record belt use by the driver.
The five restraint systems included three two point automatic systems, one
of which had an interlock, and two manual systems. The results of this

study are shown in the following table:

TABLE V-7
CHEVETTE BELT RESTRAINT SYSTEM USE STUDY
FINAL DATA
Automatic Manual
Shoulder Belt Belt Ignition
Description Warning System Use Rate Usage Rate Starts
1. Auto with Continuous Light -- 74% 15% 13,600
interlock Shoulder Belt (Manual Lap
Belt)
2. Auto w/o Continuous Buzzer -- 57% 12% 14,200
interlock Shoulder Belt (Manual Lap
Belt)
3. Auto w/o Continuous Light -- 23% 13% 13,200
interlock Shoulder Belt (Manual Lap
Belt)
4, Manual Continuous Buzzer -- - 28% 13,160
Three Point (Lap/Shoulder
Belt
5. Manual Production 4-8 Second - 13% 13,450
Three Point Light and Buzzer (Lap/Shoulder
Belt)
TOTAL: 67,610

System No. 3 consisted of a 2-point, detachable automatic belt and

continuous light without an ignition interlock.

rate of 23 percent.

came equipped with an interlock.

rate.

This system had a usage
System No. 1 was the same belt design except that it
This system showed a 74 percent usage

Thus, it may be inferred that the interlock added 51 percentage



points to the isage rate. Since the 74 percent usage rate is similar to
that observed in Rabbits, it could be construed that it is the interlock,
and not the automatic feature, which predominantly accounts for £he‘High
belt usage in those cars. Although telephone survey results for the 1980
Chevettes, which do not have an ignition interlock, show usage rates of 70

percent, the 1980 Chevette system was not detachable.

Because this survey measured only rental vehicles, results may not be
indicative of the usage for privately owned vehicles. For example, long
term defeat measures, such as physically removing the system's automatic
capability, would not be reflected in the survey. Also, some drivers in
the survey may have accepted the automatic systems temporarily, but might
remove them from their personal vehicles or disable the warning and
interlock features. For these reasons, the GM survey seems to be at

best an indicator of the effect of automatic belts and interlocks.

Professor William Nordhaus in a comment to the docket asserts that the
Chevette rental car survey contains three basic flaws -- 1) the lack of
public documentation on survey methodology and execution, 2) his
understanding that participants in the survey wére informed that they were
involved in a study of seat belt usage, bringing into play tﬁe so-called
Hawthorne effect which may change participant behavior, and 3) his concern
over whether the rental agency toﬁk suifabievstéps to ensure that all'belts
were attached before a new customer used a car. The agency has requested
clarification of these points from GM, GM stated that agreemeht was

reached with the rental company that the automatic belts would be attached
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for each new customer, but documentation related to the Hawthorne effect
or the overall survey methodology and execution has not been provided to

the Department.,

b. Usage in VW Rabbits Involved in Accidents

What the agency believes are the best and most recent data on seat belt
usage of accident involved VW Rabbits are reported in Table V-8. These
data, collected for NHTSA by the Highway Safety Research Center of the

University of North Carolina, have not previously been published.

TABLE V-8
VW RABBIT RESTRAINT USAGE IN ACCIDENTS
Automatic Manual Difference

Usage No. of Usage  Number of in Usage
State (%) Observations (%) Observations (%)
New York 1975-82 52 3,162 26 8,939 26
North Carolina 48 2,205 17 4,745 31

1975-83

Maryland 1975-82 63 1,833 31 4,313 32
Colorado 1975-79 50 457 27 1,386 23
Average/Total 53 7,657 25 19,383 28

There is considerable difference between the observed usage of VW automatic
belts of 80%, as shown in Table V-5, and the usage found in VW's involved
in accidents reported sbove (53%) (also, in manual belt usage, 32% vs.

25%). This may be due to a number of reasons:



1) People who detach or otherwise deactivate their automatic belts may be
less safety conscious and more likely to be involved in crashes; thus, they

may be over-represented in the sample,

2) Since the accident data used are state data, which are typically
recorded after the fact by police, they may not accurately reflect actual
usage. There is no evidence to suggest, however, that an inherent bias Qas
entered that would affect the difference between the automatic and manual
usage. In fact, an analysis made on cases listing usage as “unknown" shows

no bias between the two systems,

3) The observed usage could be too high. While there is no compelling
reason to question the accuracy of the observed usage (since it was
recorded by personnel specifically trained for the task), the observational
" data were recorded in 19 cities but do not cover rural area usage, which
might be somewhat lower. It appears highly unlikely, however, that

omission of rural area usage from the observational data accounts for the

large differences in the observational and accident usage data.

c. Telephone Surveys

Two telephone interview studies were conducted by Opinion Research
Curporation17 about automatic belt owner usage and attitudes in GM Chevettes
and VW Rabbits, One of the studies covered MY's 1978 and 1979 and the

second covered MY 1980 vehicles. The VW Rabbit system is a 2-point system

17 wautomatic Safety Belt Systems Owner Usage and Attitudes in GM Chevettes
and VW Rabbits", Opinion Research Corporation, May 1980 and February 1981,
DOT-HS5-805-399 and DOT-~HS-805-797.
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with a knee bolster and a starter interlock, anc did not change in MY's
1978-1980. In MY's 1978 and 1979, the GM Chevette system was a two-point
automatic shoulder belt with a knee bolster, a starter interlock and a
manual lap belt., However, in MY 1980, the Chevette design was changed to
a 3-point automatic lap shoulder belt. The MY 1980 Chevette design was
coercive in that it was basically non-separable. However, it did not
include a starter interlock. All three of these systems included an
emergency release button. In the case of the VW Rabbit and 1978-79
Chevettes with the 2-point system, the release button fully disconnected
the belt. However, with the starter interlock, the belt must be
reconnected to start the car. In the case of the 1980 Chevette, the
release button only disconnected the lap belt portion of the 3-point belt,
leaving an elongated shoulder helt still connected, which would offer
little safety value. Since the car did not have a starter interlock, the

lap belt could remain disconnected,

Usage of these belt systems compared to manual belt systems in the same
models, according to the telephone surveys, is shown in the following
table. While automatic Rabbit and Chevette usage from the telephone
surveys is in the range of observed usage, the manual system usage in both

telephone surveys is higher than currently observed usage.
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TABLE V-9

MY's 1978-79 MY 1980

Percent who say Observed Data

they wear safety Percent who say from ORC and

belt always or they wore safety Goodell-Grivas

almost aways belt the last time Studies
Automatic Rabbit 89% 89% 81-90%
Manual Rabbit 46% 48% 26-36%
Automatic Chevette 72% 70% 60-82%
Manual Chevette 34% 31% 11-15%

Factors which might explain why Rabbit owners use their belts more
frequently than Chevette owners as well as a number of other findings of

the surveys, are outlined below:

1) Rabbit owners typically have higher education levels and earn more
money. These demagraphic characteristics have been positively correlated
with usage.18 This is also shown by the higher usage of manual belts by .

Rabbit owners.

2) More Chevette owners than Rabbit owners found the automatic belts

inconvenient and/or uncomfortable.

18 Opinion Research Corporation, May 1980, Ibid., pp. 50-53. A similar
conclusion was reached in the Market Opinion Research Survey -- see page
V-8, ,
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3) In the MY 1978-79 models, 10% of the 2-point belt Chevette owners and
11% of the Rabbit owners had defeated the interlock system. In the 1980
models, 22% of the 3-point belt Chevette owners and only 5% of the Rabbit
owners had removed the automatic belt or "fixed" it so that it could not be

used.

4) When asked what type of restraint system the owner would like if

purchasing another new car, the owners answered:

MY's 1978-79 MY 1980
Automatic Automatic Automatic Automatic
Chevette Rabbit Chevette Rabbit
Owners Owners Owners Owners
Prefer automatic 41% 80% 44% 74%
Prefer Manual 49% 12% 4% 20%
Other/no opinion 10% 8% 7% 6%

5) The restraint system seems to play a very minor role in the purchase of
a car. Only 5% of MY 1980 Chevette owners and 12% of MY 1980 Rabbit owners
specifically requested the automatic belt at the time of purhase. Of the
MY's 1978-79 owners, 55% of the Chevette and 37% of the Rabbit owners did
not know they were getting the automatic belt at the time of purchase.
These numbers declined somewhat in MY 1980 when 37% of Chevette owners and
25% of Rabbit owners were not aware that their cars were equipped with
automatic restraints. Asked why they decided to buy a car with automatic

belt systems, the MY 1980 owners replied:
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Automatic Automatic
Chevette Rabbit
Only car available with all 38% 39%
the other options I wanted,
Only model available for 19 17
immediate delivery.
Liked the automatic belt. 12 23
Gave discount because of 3 -

belt system.

Belt usage by those who knew at the time of purchase that their car had an
automatic belt was higher than for those who did not know. For the Rabbit,
usage was 90% for those who knew and 85% for those who did not know. For
the Chevette, the figures were 74% and 62%, respectively. While automatic
belt purchasers who were not aware that their cars were so equipped are
similar to purchasers of mandated automatic restraints, the use~inducing
systems on the above cars are not expected to be widely included in futuﬁe
models, particularly the interlock system. Thus, comparisons between these
usage rates and what can be expected for all cars need to be made

carefully.

6) Another question asked was whether the MY 1980 owners wore seat belts
in their other cars or their previously owned car the last time they drove.
Only 25% of the automatic Chevette owners stated that they used their
manual belts the last time they drove another car, while 33% of the
automatic Rabbit owners claimed they used their manual belts the last timé

they drove another car. Thus, either the automatic nature of the belt, the
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use-inducing features, and/or simply the "newness" of the vehicle greatly
increased belt usage, and our data do not permit us to separate the

contributions of the three factors.

7) Sixty-seven percent of MY 1980 Rabbit owners said that if there were no
interlock they would use the belt, 25% would probably not use it, and
7% would never use it. This can be compared to the owners' first

impressions and impressions after they had owned the car for a while:

First Impression Later Impression
Automatic  Automatic Automatic Automatic
Chevette Rabbit Chevette Rabbit
Favorable 39% 61% 49% T7%
Unfavorable 54 32 44 18
No opinion 7 7 7 5

0f the Rabbit owners, 61% were favorably impressed when they first tried
the system. This is close to the 67% that said they would use the
restraint even if it did not have an interlock. The Chevette owners had a

lower percentage with a favorable first impression.,

Telephone survey data indicate that there is some decrement in usage of
automatic belts over time. Owners of MY 1978-79 Chevettes, who
participated in a 1979 survey, were called back in 1981.19  Their reported

usage was lower than they had reported in 1979.

19 wautomatic Safety Belt Systems: Changes in Owner Usage over Time in GM
Chevettes and VW Rabbits," Opinion Research Corporation, August 1981,

DOT-HS-806-058.
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Reported Usage

Percentage
1979 1981 Point Change
MY 1978 Rabbits 89.1% 83.0% -6.1
MY 1978-79 Chevettes 73.9% 62.8% -11.1

Reported Rabbit belt usage declined 6.1 percentage points over the two
years, an average of 3,0 percentage points per year. The reported
decrement in Chevette belt usage was larger, 11.1 percentage points over
the two years or an average of 5.5 percentage points a year. Note that
this reported decline in automatic belt usage over the 2-year period does
not agree with on-road observational data shown in Table V-6, which
indicates that automatic belt usage in VW Rabbits.did not change as the

vehicles aged over the first five years of use.

Surveys in 1979 and 1980 by Teknekron Research, Inc., and Automated
Services, Inc., respectively, asked licensed drivers what they thought of
the idea of automatic belts in the next cars they purchased. The responses

were as follows:
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TABLE v-10

PUBLIC OPINION OF AUTOMATIC BELTS

RESPONSE 1979 %20 198021
A Great Idea 38.0 45,3
Tolerate 25.0 29.1
Disconnect 32.3 21.9
Other 1.2 3.8
Don't Know ‘ 3.5 -

These surveys indicate a general willingness to try automatic belts,
but they also indicate a hard-core non-user group (32.3% and 21.9% said

they would disconnect the system in 1979 and 1980, respectively).

3. Non-Detachable Automatic Belt

The agency has usage data on one non-detachable automatic belt system, the

Toyota motorized system:

20 w1979 Survey of Public Perceptions on Highway Safety," Teknekron Reksearch,
Inc., July 1979, DOT HS-805-165, p.44.

21 nq980 Survey of Public Perceptions on Highway Safety,” Automated Services,
Inc., September 1980, DOT HS-805-702, p. 51.
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Toyota Motorized System

On-Road Telephone and Mail
Observations Percent Usage Survey Responses Percent Usage
203 96 755 92

Two hundred and three on-road observations were recorded with 96 percent
usage.22 Telephone and mail surveys found 92 percent usage for 755
respondents.23 The agency does not believe that these Toyota usage data can
be used to estimate usage of non-detachable belts for the entire fleet
because of the voluntary aspects of purchasing the automatic belt cars and
because this motorized system would probably not be used by many

manufacturers due to its expense.

While the MY 1980 Chevette automatic restraint system, which disconnected
at the lap belt portion of the 3-paint belt leaving an elongated shoulderr
belt, might be considered a non-detachable belt, the agency does not have
any observed usage data on this system. A telephone survey found 70

percent usage for 1,002 respondents.Z4

22 "Safety Belt Usage Among Drivers," Opinion Research Corp., May 1980, DOT
HS-805-398; "Restraint System Usage in the Traffic Population,” Opinion
Research Corp., May 1983, DOT HS-806-424; "Progress Report on Restraint
System Usage in the Traffic Population,” Goodell-Grivas, Inc., November
1983.

23 vputomatic Safety Belt Usage in 1981 Toyotas,”" JWK International Corp.,
February 1982, DOT-HS-806-146.

24 wpytomatic Safety Belt System Owner Usage and Attitudes in GM Chevettes and
VW Rabbits (1980 Models)" Opinion Research Corp. February 1981,

DOT-HS-805-797.
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It is possible that the usage rates of automatic belts with interlocks may
be similar to those of non-detachable automatic belts. Although there are
significant differences in both the physical design and the nature of the
usage inducement in these systems, they are similar in requiring
considerable effort on the owner's part in order to defeat their automatic
protection features. However, as previously discussed, the availsable
surveys that examine usage of interlock systems (GM survey and VW Rabbit
usage data) are not representative because they are implicitly biased since
they represent mostly persons who are more than typically safety conscious,
or persons who do not own the sampled vehicles. Therefore, usage data on
existing automatic belt systems with an interlock should not be considered

indicative of future usage rates for non-detachable belts,

The GM rental car study does indicate that more stringent use-inducing
systems will result in higher usage rates. For example, the most stringent
system (System 1), which included a starter interlock, had a usage

rate that was 30 percent (17 percentage points) higher than the second most
inducive system (System 2), which had only a continucus buzzer. The buzzer
system was, in turn, nearly 150 percent (34 percentage points) higher than
the least inducive automatic belt system (System 3), which had only a
continuous light. The interlock system (System 1) was a full 51 percentage
points higher than the least inducive automatic system (System 3), as

mentioned earlier. As discussed above, some issues have been raised on the

methodology of this study.
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B. Restraint lisage Level Estimation

In this section, restraint usage levels for the calculation of benefiﬁs are
estimated. The available data do not permit a precise estimate of future
automatic seat belt usage rates; therefore, an estimate of a lower and an
upper usage boundary to establish a range of expected usage for automatic
seat belts is developed. The actual future usage level is expected to

fall at some point within the estimated range and not at either extreme.

An air bag readiness factor is also estimated.

1. Automatic Seat Belts

A range of possible levels of usage of automatic seat belts will be
calculated based on all the data available to the agency on observed
on-road usage of manual belts, self-reported manual seat belt usage, and
attitudes on seat belt usage. In addition, approaches are employed tq’
estimate usage based on automatic and manual seat belt usage data from

telephone surveys, on-the-road observations, and accident reports.

The first approach for estimating a range of possible automatic seat belt
usage is to consider observed on-road usage. The 1983, 19-city, observed
driver manual belt usage rate of 14.0% (Table V-1) could be accepted as the
minimum level of usage of automatic belts to be expected. As discussed
below, however, other information supports a somewhat higher lower bound

for automatic belt usage.
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A second approach is to lcok at the results of surveys on self-reported
manual seat belt usage to gauge occupants' actual practices regarding belt
usage. Table V-2 presents the results of B surveys on manual seat belt
use. Based on the table, manual seat belt users can be segregated into
those who say they use belts always or almost always, those who say they
never or almost never use belts, and those that fall somewhere in between.
"Always or almost always" has a range of 16-24 percent and averages 21
percent. This is fairly consistent with the 17 percent confirmed belt
users found in the 1977 Market Opinion Research study discussed above.
However, these figures are higher than actual usage rates recorded in
roadside observations in 19 cities over the period, which ranged from 11-14
percent (Table V-1). One interpretation would be that while respondents
apparently overstate their actual belt use, a fact documented by Waller and
Barry as mentioned above, in their own minds they consider themselves to be
belt users. Such an interpretation would suggest a lower boundary on
automatic belt use of approximately 20 percent, with some certainty that at

least this percentage of occupants would use automatic belts.

The percentage of occupants who never buckle up might serve to help
approximate the percentage of hard core non-users, those who likely would
not use detachable automatic belts. Table V-2 reports a percentage of
respondents in the six surveys who say they never or almost never buckle up
ranging from 30-59 percent, with an average of 48 percent. In three of
the six surveys, the 1978 Hart (56%), the 1982 Lawrence Johnson (39%), and
the 1984 McGinley survey (30%), this response means "never" or no use of
belts. Two additional surveys reported by Newport and Tarrance (1981) and

Tarrance and Associates (1983) showed 40 percent and 33 percent
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"infrequent" users, respectively. The 1982 Lawrence Johnson survey
response was also classified into frequent, sometime, and infrequent users,
with 41 percent being classified as infrequent users. The foregoing
suggests that about 30-40 percent of vehicle occupants could be classified
as non-users of manual belts. This is reasonably consistent with the 43
percent non-users found in the 1977 Market Opinion Research study. Some
unknown proportion of these manual belt non-users could become users of
automatic belts, since they would have the convenience of not having to
buckle up. As shown in Table V-10, 27 percent of the licensed drivers
surveyed (average of the 1979 and 1980 surveys) said they would disconnect
automatic belts. This suggests that perhaps 5-15 percent (30%-40% less

27%) of those who never wear manual belts might wear automatic belts.

A third approach in attempting to gauge future automatic belt usage is to
look at the reasons people give for not using manual belts. Table V-3
provides results of two surveys sponsored by NHTSA on the subject.
Interviewers asked both seat belt users and non users for reasons for not
wearing belts. The number of respondents who reported no reasons for
disliking or not using belts, an average of 15.5 percent for the two
surveys, is according to one of the surveyers, Teknekron Research, Inc.,
probably the true indicator of how many people in the sample wear their

safety belts, although it cannot be proven.

An indicator of hard core non-users who would be most unlikely to use a
belt system, including an automatic, detachable system, is the percentage

stating as the reasons they do not want to use manual belts (1) they don't
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want to be restrained, (2) they are afraid of being trapped in a car during
an accident, or (3) they doubt the value of belts as a safety measure.

Following is the tabulation of these responses:

1979 1980 Average
"Don't want to be restrained” 7.7% 8.8% B.3%
"Afraid of being trapped in 10.7% 11.0% 10.9%
car during accident"
"Doubt value as safety measure" 4,5% 5.8% 2.2%
22.9% 25.,6% 24.2%

Twenty four percent of the respondents gave reasons for not using manual
belt systems that would also pertain to automatic belt systems. This
indicates that an upper boundary of automatic belt usage would be
approximately 76 percent. As far as overall belt usage expectations are
concerned, the pertinent question is what proportion of the remaining
approximately 60 percent who are neither present belt users nor established
hard core non~users might be induced or compelled by features of automatic
belt systems into using them. This suggests that this portion of the
population could be positively influenced toward increased belt usage by
effective public information and education programs and improved belt

designs.

Reasons for not wearing belts that could be negated by the automatic belt
systems are " don't want to be bothered, lazy, forgetful" (17.8%) (Table

V-3). If the problem of being bothered, lazy and forgetful were the only
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reasan for this 17.8 percent of the people not buckling up. we could deri?e
an approximate lower bound for automatic belt usage of 33 percent (15.5
percent with no reason (users) plus the 17.8 percent who said they did not
want to be bothered or were lazy or forgetful). However, we do not know
how many of the 17.8 percent might also have other reasons for not buckling
up which would preclude them from using automatic systems as well.
Therefore, the most that can be said is that a lower usage rate bound would

fall within the 15-33 percent range.

While the analysis points to a lower usage boundary of 15-33 percent,
actual usage would probably be above this limit, It is likely that some of
those who found manual belts uncomfortable (14.4%) or inconvenient to use
(16.2%) will find that these problems do not exist with automatic belts., iA
1976 survey of owners of 1975 Volkswagens, including 2,196 with automatic
systems and 561 with manual systems, asked respondents to relate their
experience with specific comfort and convenience problems associated with
automatic and manual belt systems. Table V-11 shows the percent of persons
by type of belt system who indicated they have experienced the various
problems. The right hand column indicates the extent to which particular
problems were more prevalent in Volkswagens with ménual belts than with
automatic belts. The automatic system was superior in all areas of comfort
and convenience shown relating to the belt system itself. The obvious
inconvenience associated with the automatic belt system is that of getting
in and out of the car. The experience and opinions of owners of both types

of belt systems indicate that some, perhaps a substantial number, of those
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who do not use manual belts because they are inconvenient and uncomfertable
will use automatic belts because they find that these problems no longer

exist or their severity is significantly reduced., Other data indicating

TABLE V-11
PERCENT WITH PROBLEM25
DIFFERENCE
ADVANTAGE -
AUTOMATIC
ISSUE AUTOMATIC MANUAL OVER MANUAL
Jewelry Lost, or Damaged 10 14 4%
Belt Falls off Shoulder 10 19 9
Belt Hard on Clothing 16 36 20
Belt Rubs on Face or Neck 19 42 23
Belt Exerts Pressure on Chest 19 39 20
Belt Chafing or Rubbing Chest 23 38 15
Belt Hinders Reach for Glove
Compartment or Controls 25 43 18
Padded Knee Panel (Auto) 16 - -16
Belt Interferes With Entering 37 -~ =37
Car (Auto)
Belt Interferes With Exiting 38 - -38
Car Auto
Fastening or Buckling Belt (Manual) - 38 38
Belt Retractor Locks When Buckling -- 42 42
(Manual)
Belt Interferes With Entering Back - 50 50
Seat (Manual)
Belt Attachments Inaccessible (Manual) - 44 44

that automatic belts are more comfortable and convenient than manual belts

are presented in Chapter’ XI.

These findings on the attitudes of Rabbit owners are not supported,
however, by the results of the survey of Chevette (and Rabbit) owners

reported above (p. V-19). Forty nine percent of the owners of MY's 1978-79

25 vpagsive vs. Active Safety Belt Systems in Volkswagen Rabbits: A
Comparison of Owner Use Habits and Attitudes;" Opinion Reasearch
Corporation, August 1976,D0T-HS5-801-958.
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Chevettes with automatic belts and 49 percent of the owners of similar MY
1980 Chevettes said they preferred manual belts, compared to 41 percent and

44 percent, respectively, who preferred their automatic belts.

In conclusion, the attitudinal surveys discussed appear to support a lower
boundary of automatic seat belt usage of 15-33 percent and an upper
boundary in the area of 75 percent. The lower limit range is just above
the observed driver manual belt usage rate of 14 percent and is consistent

with the value of 20 percent drawn from self-reported usage data discussed

in the previous section; the upper limit is 5-15 percentage points higher.

Another approach to estimating automatic seat belt usage entails
investigation of usage rates for the relatively few automatic systems in
place. Table V-12 presents data on automatic and manual belt use in VW
Rabbits and Chevrolet Chevettes. The VW Rabbit accident data are the most
recent and best available. Data on usage of the motorized automatic belt
system in Toyota Cressidas are not included since, as stated previously,
the agency believes that this luxury system is not likely to be typical of

future systems,

In analyzing and interpreting the Rabbit and Chevette automatic restraint
usage data in Table V-12, it should be understood that for reasons’
enumerated above (page V-11), the usage rates reported are higher, possibly

substantially, than could likely be expected in a future fleet of automatic

belt equipped vehicles. The high usage rate is principally attributable to
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the starter interlock on the VW system and on MY 1978-79 Chevettes, and to
the greater propensity, especially for the Rabbit owners, to use seat

belts.

It is readily noticeable that VW restraint usage rates for accident data
are markedly lower than rates ascertained from surveys (discussed above,
pages V-13 and V-14)., Usage estimates based on accident restraint usage
data are therefore shown separately. Estimates based on combinations of

accident and survey restraint usage rates are also shown.

One method of using these data for estimating future use of automatic
belts, which compensates for the high Rabbit and Chevette owner usage
rates, is not to use the rates per se but to assume that the relationships
between usage rates for automatic and manual belts for Rabbits and
Chevettes will apply in the future to vehicles that currently do not have
automatic belts. Column (c) of Table V-12 shows the percentage point
increment of automatic belt usage over manual belt usage. One possibility
is to take the increment that automatic belt usage is over manual belt and
add it to the current fleet usage rate to estimate the future fleet

automatic belt usage rate.
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TABLE V-12
AUTOMATIC AND MANUAL BELT USAGE
(a) (b) (c) (d)
Automatic Manual Differences
Usage Usage in usage Multiplier
On-Road Observations?26 (Percent) Number  (Percent) Number (a)-(b) fa) / (o)
1977-83 VW Rabbit 80 1,343 32 3,380 48 2.5
1980-83 Chevette 70 43 14 4,691 56 5.0
Weighted
Average observation data 80 1,386 22 8,071 58 3.6
Accident Data VW Rabbit27
1975-82 New York 52 3,162 26 8,939 26 2.0
1975-83 North Carolina 48 2,205 17 4,745 by 2.8
1975-82 Maryland 63 1,833 3 4,313 32 2.0
1975-79 Colorado 50 457 27 1,386 23 1.9
Weighted ,
Average Accident Data 53 7,657 25 19,383 28 2.1
Telephone Surveys<® .
MY 1978-80 Rabbit 89 2,023 47 425 42 1.9
MY 1978-79 Chevette 72 1,002 34 216 38 2.1
MY 1980 Chevette 70 1,002 31 208 39 2.3
Weighted ,
Average Telephone 80 4,027 40 849 40 2.0
Surveys '
Range of Values 50-89 - 14-47 - 29-56 1.9-5.0
Weighted Averages |
Rabbit Accidents 55 7,657 25 19,383 28 2.1
Rabbit, Observation & 85 3,366 34 3,805 51 2.5
Surveys . '
All Rabbit 63 11,023 25 23,188 38 2.5
Chevette 7 2,047 16 5,115 55 4,4
Rabbit and Chevette 80 5,413 23 8,920 57 3.5
Excl, Acc.,
Overall Average 64 13,070 23 28,303 41 2.8

26 Opinion Research Corporation, "Safety Belt Usage Among Drivers," May 1980,
DDT-HS-805-398, and "Restraint System Usage in the Traffic Population,"
May 1983, DOT-HS-806-424, collected November 1980 to October 1982;
Goodell-Grivas, Inc., 1983 data.

7 Collected for NHTSA by Highway Safety Research Center, University of North

Carolina, not previously published.
Opinion Research Corporation, "Automatic Safety Belt System Owner Usage and
Attitudes in GM, Chevettes and VW Rabbits,” May 1980 and February 1981,
DOT-H5-805-399, DOT-HS-805-797.
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For example, the average automatic belt usage increment for on-road
observations, 58 percentage points, could be added to the observed 1983
driver manual belt usage rate of 14 percent to derive an estimated
automatic belt usage rate of 72 percent. This has been termed the

incremental approach.

Another possibility is to take the ratio of automatic belt use tc manual
.belt use and assume that this relationship would hold for the future fleet
of vehicles. This has been termed the multiplier approach to estimating
future automatic belt usage. Column {d) of Table V-12 shows the ratios of
automatic to manual belt usage rates. The multiplier (ratio) for on-road
observations is 3.6. The multiplicative technique entails multiplying this
factor by the current 19-city driver usage rate (14 percent) to derive
estimated future use (3.6 x 14%=50%). Table V-13 presents various
estimates of future automatic belt usage based on the incremental and
multiplier approaches applied to a manual belt usage rate of 14 percent,

the observed, 19-city 1983 value for drivers of the on-road fleet,

As shown in Table V-13, the incremental approach for estimating future
automatic belt usage produces a range of 42-71 percent with a value of 55
percent for all data; the multiplier approach produces a range of 29-62
percent usage with a value of 39 percent for all data. Note that the

averages excluding accident data are higher, 71 percent usage
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TABLE V-13
ESTIMATED FUTURE AUTOMATIC BELT USAGE RATES FROM
APPLYING INCREMENTAL AND MULTIPLIER FACTORS2?

(PERCENT)
Data Source Incremental Approach Multiplier Approach
Rabbit Accidents 42 29
Rabbit Observation and Surveys 65 35
All Rabbit 52 35
Chevette Observations and Surveys 69 62
Rabbit and Chevette Excl. Acc. 71 49
All Rabbit and Chevette 55 39
Range 42-71 29-62

applying the incremental approach and 49 percent applying the multiplier

approach. This is not surprising given the markedly lower restraint system

usage rates, egpecially automatic belt usage, in VW Rabbits involved in

acciden?s.30 Note that the above rates apply only to drivers; full front

usage would be about 5 percentage points lower.

29

30

Based on data in Table V-12; increments and multipliers applied to 1983
driver manual belt usage rate of 14 percent, based on observations in 19
cities,

An estimate of automatic belt usage incremental and multiplier values can
be developed for vehicles involved in fatal accidents using FARS data and
employing a methodology presented in the preliminary regulatory impact
analysis. (PRIA, footnote p. IV-16) Assuming manual belt usage for VW -
Rabbits of 30%, fatality effectiveness ranges of 35-50% for automatic belts
and 40-50% for manual belts, and given that for VW Rabbits the FARS

data indicate that the fatality rate for automatic belts is 19.3% less than
the fatality rate for manual belts as used (PRIA, Table IV-5, page IV-15),
incremental automatic belt usage over manual belts would be 33-53
percentage points. Thus, total usage of Rabbit automatic belts in fatal
accidents would be 63-83%. Using a manual belt usage rate of 25% as found
in accidents would result in an increment of automatic belt use over manual
belt of 34-53 percentage points, nearly identical to the previous
calculation. The calculated incremental usage is largely insensitive to
the manual belt usage rate. In this latter example, usage of Rabbit
automatic belts in fatal accidents would be 59-78%.
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Table V-14 summarizes the estimates of automatic seat belt usage éates
developed in the preceding analysis based on (1) on-road observaéions of
driver manual belt use in all cars, (2) surveys in which respondents state
their manual seat belt usage rates, (3) attitudinal surveys on why the
driving public does not wear manual belts and on problems experienced with
manual and automatic systems, and (4) on observational and telephone
surveys and accident statistics on automatic and manual belt use. For the
first three data categories, estimated bounds of automatic seat belt usage
are presented, with the lower bound relating to confirmed or dedicated
users and the upper bound reflecting that there will be a group of
hard-core non-users of coercive automatic restraints. The lower and upper
usage rate bounds that are estimated are not themselves likely to be the
actual rates realized. Although probabilities have not been developed,
actual usage is expected to fall within the range established by these
lower and upper bounds, For the fourth category of data, a number of
possible usage rates (not bounds), derived by employing the multiplier and

incremental approaches, are presented,

From the data and information available, the agency has derived an
estimated range of automatic seat belt usage of 20-70%. The estimate of 20
percent for the lower restraint usage boundary is based on the observed
1983 driver manual belt usage rate (14%), telephone and home-interview
surveys on manual belt use (20%), and on reasons people give in surveys
for not buckling up (15-33%). The estimate of 70 percent for the upper
boundary is based on the estimates derived from surveys on manual belt use

(60-70%) and surveys on why people do not buckle up (75%).
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TABLE V-14
ESTIMATED USAGE RATES FOR AUTOMATIC BELTS
(PERCENT)
Lower Multiplier Incremental Uppef

Data Source Bound Method3! Method>' Bound
1983 Driver Manual Belt 14
Use, on-road Observations
in 19 Cities
Telephone and 20 60-70
Home-~Interview
Surveys on Manual Belt Use
Stated Reasons on Why 15-33 75
People Don't Buckle up
Telephone Surveys 28 54
On-Road Observations 58 72
Accident Data 29 42
Average-Telephone and 49 71
Observation Data (Excl., Acc.)
Average-All Data 39 55
Low and High Point Estimates 28-50 42-72

Overall Estimate: Lower Bound 20%

Upper Bound 70%
The estimates that are based on the multipier and incremental approaches
are consistent with the 20-70% range. The two approaches are distinct
methods for estimating usage, and each set of values should not be

interpreted as deliniating a lower and an upper boundary.

31 see Table V-12. The higher and lower figures are not to be considered
ranges; both are point estimates of the usage rate.
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Of the two boundaries, the lower is perhaps the most controversial, Based
on the information before it, the agency believes that usage of automatic
belts would be higher than for current manual belts and that a lower usage
bound of 20 percent, as supported by the foregoing analysis, is reasonable.
However, General Motors believes that both non-detachable and detachable
automatic belt usage rates will fall to manual belt usage rates; increased
usage will last only until the belt is disconnected the first time. In
that case, usage would be below the estimated range. In its response to
the SNPRM, GM estimated that automatic belts might increase usage by 5
percentage points ~ the comment did not indicate for how long. Honda feels
that long-run usage of automatic belts may not be better than current
manual usage, the key determinants being comfort and convenience. Ford
believes that while the use of automatic belts will be higher than for
manual belts for a period, reflecting increased usage by occasional manual
belt users, over the long run usage of automatic and manual belts will be
equivalent. Other manufacturers believe there will be little, albeit some,
increase in usage. Chrysler feels that automatic belt usage will be less

than 10 percent higher than manual belt usage.

On the other hand, the American Seat Belt Council believes usage of
automatic belts will be 50 percent, roughly between the current observed
rate for drivers of 14 percent for manual belts and 80 percent for in-use
automatic belts. Professor William Nordhaus applies a usage increment for
automatic belts of 33 percentage points in his calculations, based on the
VW accident experience in the Fatal Accident Reporting System and NHTSA
assumptions on restraint effectiveness that were published in the

Preliminary Regulatory Impact Analysis. Adding this increment to the
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current driver manual belt usage rate of 14 percent results in an autométic
belt usage rate of 47 percent for drivers. John Graham found that expert
opinion varies on how much automatic belts would increase usage. His
survey of 7 experts found that detachable belts would increase usage by710

percentage points with an 80 percent confidence interval of 5 to 40

percentage points.

The critical difference between automatic belts and current manual
belts--inertia~-could increase usage substantially., 0Once an automatic bélt
is connected, it continues to function automatically until disconnected.
The agency believes that inertia will increase automatic over manual belt
usage but cannot estimate the amount. General Motors states, hawever, that
the inertia effect of automatic belts can only be assumed until the belts
are first detached. However, disconnecting belts does not necessarily |
mean that they will stay disconnected. Current occasional users may
reconnect them, and the inertia effect would again be operational. Also;
other occupants may reconnect them and leave them connected when they get

out.

Usage rates could also be affected by use-inducing or reminder mechanisms
such as a continuous buzzer, a 4-8 second buzzer, or a light. The American
Seat Belt Council believes that a continuous buzzer could double usage and
that buzzers, chimes, and lights could all increase usage; Volvo thinks
that usage can be improved through a visual warning plus an audible signal
cansisting of a "ticking" sound that is no more annoying than the sound in
turn signal systems; Volkswagen feels that a continuous buzzer might be as

effective as an interlock. Ford, on the other hand, feels that while a



V-41

continuous buzzer would induce some borderline non-users to use belts,
driver irritation and counteraction to defeat thes system could be
expected. (A 4-8 second buzzer is required with current manual belts and
is also required for automatic belts.) However, neither a continuous

buzzer, nor an interlock system may be required by the agency.

An issue arises -- whether to establish different bounds for detachable and
non-detachable belts. The difference between the two systems refers to the
webbing release mechanism. The detachable belt has a push button "buckle
release" which, when pressed, physically disconnects the belt. The
non-detachable belt has a "spool release" mounted on the retractor to allow
for emergency egress. When actuated, additional webbing is released from
the retractor spool, but the belt cannot be completely separated. Thus
far, the 1980 Chevette and Toyota Cressidas since MY 1981 are the only
production vehiclés that have been equipﬁed with non-detachable automatic

belts.

Numerous auto manufacturers, IIHS, two restraint system suppliers (Breed
Corporation and American Seat Belt Council), a state agency, a consumer
group and an individual provided comments on non-detachable belt usage and

acceptance. A representative sampling of comments follows:

GM -- The public will not accept the coercive non-detachable belt as shown
with the 1980 Chevette, Fear of entrapment and general annoyance would
lead many hard core non-users to defeat non-detachable belts. While there
would be an initial increase in usage, long term usage of either

detachable or non-detachable belts would fall to manual belt usage rates.
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Ford -- There is bound to be some adverse reaction to non-delachable belts
due to fear of entrapment. Although initially higher, long range usage of
non-detachable belts would eventually drop down to detachable belt rates,.

which would be equivalent to rates for manual belts.

Volkswagen -- Hard core non-users would find non-detachable belts more

objectionable than detachable belts.

Honda -- Non-detachable belts would not be accepted by the public because
of entry/exit problems, entrapment, and poor appearance. Hard core
non-users will react adversely. In the short run, non-detachable belts

would increase usage; in the long run usage is dependent upon comfort.

Nissan -- There would be no difference in the long run usage rates of
detachable and non-detachable belts. Non-detachable belts would engender

adverse public reaction,

Saab Scania -- 15-30 percent of the driving public may not have any belts

after non-detachable belts are made inoperable.

Breed -~ There will be significant levels of disconnect with non-detachable

belts. FEuropean experience indicates 20 percent will not use belts.

American Seat Belt Council -- 10-20 percent are hard core non-users who
will cut out non-detachable belts. This would result in enough irate

people to provoke Congress to repeal the requirement.



V=43

Massachusetts Department of Public Health -- To maximize the usage of

automatic belts, they should not be readily detachable.

Motor Voters, a consumer group -- the required installation of automatic
belts, especially those designed to make disconnection difficult, would
engender public reaction not merely to defeat the belts, but to defeat the

entire rule,

Insurance Institute for Highway Safety -~ The IIHS survey, which the agency
believes does not yield valid results (see Chapter XI), indicates only 12

percent would damage a non-detachable belt.

John Graham -~ A survey of 7 experts in the field found that non-detachable
belts would cause substantial public irritation and ultimate rejection by
Congress. A survey of 4 behavioral experts estimated that 55 percent of
motorists would dismantle non-detachable belts. A fifth behavioral expert

believed that Congress would outlaw non-detachable belts.

In summary, the docket comments indicate a diversity of opinion on
differences in usage of detachable and non-detachable belts. Some
commenters stated that detachable and non-detachable belts would provide
the same level of usage. Others discussed the two belt systems separately,
indicating thét a detachable belt may increase the usage of occasional
users, while the non-detachable belt might affect all but the hard care

non-users. However, nearly all commenters indicated that non-detachable
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belts would engender adverse public reaction by at least the hard core
non-users (10-20 percent of drivers) with possible ultimate rejection by

Congress,

Another distinction made between detachable and non-detachable belts is in
long term availability., If 10-20% of drivers cut out non-detachable belts,
they will be unavailable to future owners or users of these cars. When
they are sold and rescld, the proportion of cars with cut-out belts would

increase,32

The agency believes that some increment of usage should be imputed to
non-detachable belts, since some effort would be required to deactivate the
system. However, because the information available does not permit such
precision, separate usage bounds for detachable and non-detachabls belts
are not estimated, Usage rates for future non-detachable automatic belt -
systems would probably be above usage rates for future detachable

systems, with both rates falling within the estimated 20-70% usage range.

The effect of a starter interlock, which prevents a vehicle from being
started if the belt is not attached, warrants further discussion because of
its possible large impact on usage. Practically all of the information
gathered on actual usage of automatic belts and incorporated into the
foregoing analyses pertained to usage in VW Rabbits, and to a lesser
extent, GM Chevettes, As discussed above, both of these cars had

detachable belt systems with an interlock, except for the approximately

32 Twenty-one states currently have periodic motor vehicle inspections which
could counter this problem. Eight of these states already have safety
belts on their inspection check list.
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10,000 1980 MY Chevettes which had a non-detachable lap~shoulder belt
system with no interlock. It would be difficult to arque that an interlock
system, which prevents the car from being started if the belt is detached,
does not increase usage. Volkswagen has stated to the docket that the
interlock is the real use inducing factor and has advised against using the
high usage rates of automatic systems with interlock in VW Rabbits to
predict usage rates for fleets of other vehicles. And, as presented above,
the Chevette rental car study showed a 51 percentage point higher usage
rate for automatic belts with interlock (Table V-7). While restraint usage
in rental cars may not be indicative of usage rates in private cars, and
belts may not have been reattached after each rental, it nevertheless seems
likely that much of the difference in usage is attributable to the

interlock.

The only evidence that an interlock system is not the primary use inducing
feature is the limited telephone survey data on usage in MY 1978-79
Chevettes with interlock (72%) and MY 1980 Chevettes with an automatic belt
system without interlock (70%). (Table V-9) However, the MY 1980 system
disconnected only at the lap belt portion of the 3-point belt leaving an
elongated shoulder belt, which was in effect a non-detachable belt; it
seems reasonable to presume that this characteristic increased usage. The
agency believes that the interlock does increase usage and that the usage
rates for the future vehicle fleet with detachable automatic belt systems

without interlock would be lower than they would be with an interlock.
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In view of the preceding and for reasons stated above, estimates of usage
of automatic seat belt systems that are based on experience with systems
with interlocks are likely higher, possibly substantially, than could be
expected in a future fleet of vehicles equipped with automatic belt systems
without interlock. Therefore, usage estimates that are presented above,
which are based on the Rabbit and Chevette data, are probably higher than

should be expected.

The actual usage rate to be realized in the future will of course depend on
the many considerations discussed above, such as comfort and convenience
and acceptance of the system’s appearance, and on education programs to
increase usage. National public informational and educational programs
could be started before any law mandating automatic belts went into effect
and continue thereafter. Such efforts could emphasize the safety benefits
of wearing saFety belts and highlight the fact tgat automatic belts are
more comfortable and convenient to use than manual belts, a fact verified
by numerous studies, Information could also be provided to overcome the
concerns of those who report that they doubt the value of belts as safet§
measures and of those who say they are afraid of being trapped in their
vehicles after an accident. The Department believes that such
informational and educational programs would play a key role in increasing
usage of automatic belts. The future usage rate will also depend on the
automatic systems' proven on-road effectiveness in reducing deaths and

injuries and the amount of publicity thereon.
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2. Seat Belt Usage Under Mandatory Use Laws

This section discusses the potential usage of manual seat belts under state
mandatory seat belt usage laws. It also examines various factors that
could affect seat belt usage under mandatory usage laws and attempts to

estimate a range of probable usage that might be expected under MUL's.

As discussed above, voluntary manual belt use by drivers in 19 major cities
throughout the country in 1983, was about 14 percent, while usage by all
front seat occupants was 12.5 percent. The extent to which mandatory use
laws would increase these usage rates would depend on many factors, the
most important being the number and the specific states that pass such
laws, the provisions for enforcement and sanctioning for non-compliance in
each state, the amount of publicity on enforcement activities, and the
extent and quality of education and publicity on the.potential benefits of
seat belt use. For the purposes of this analysis, the usage rate is
estimated at the national level and is based on the assumption that MUL's
were universally adopted. (However, to a large degree, the considerations
and relationships discussed here would also pertain to seat belt usage
under MUL's in individual states). To the degree that MUL's would not be in
effect in all states, national usage would, obviously, be less due to lower

usage in states without MUL's.

Changes in belt usage rates in countries which have enacted MUL's might
serve to gauge how much MUL's would increase usage in the United States.
Table V-15 lists the 29 countries with MUL's. As shown, usage laws are in

effect in six countries in Asia/Africa/Mid-East, 16 countries in Western
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Europe (Iceland and Italy are the only countries of Western Europe that do
not require belt usage), five countries in Eastern Europe, seven provinces

of Canada, and the Commonwealth of Puerto Rico.

The most common program requirements and enforcement and sanction practices

among these countries are summarized below:

Vehicles Covered: Typically passenger cars or cars and vans

Occupants Covered: Typically all front seat occupants

Exemptions: Typical exemptions are based on age, body size, and medical -
condition.

Enforcement: In two-thirds of the countries, when stopped for another
purpose; in one-third either none or advice to buckle up by police.

Fine: In most countries (equivalent of) $10-$20; in a few, none or
minimal; in one, up to $250.

Exceptions: Vary widely by country; in most countries, belt usage is not

required in vehicles which are moving in reverse.

Table V-16 presents driver seat belt usage rates before and after MUL's
went into effect in 17 countries for which such information is available.r
Usage data for Canada are not included in this table, but are shown and
discussed separately below. The manner in which data were collected and
the types of roadways and traffic conditions which were surveyed varied
from country to country. As shown, usage rates ranged from 5 to 40 perceat
before MUL's went into effect, to 14 to 95 percent after; usage typically.
at least doubled and in some cases increased three times or more, depending

on the initial usage rate. Based on Table V-16 entries, the average usage,
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for the 17 countries shown, was 23 percent before mandatory belt usage and —

66 percent after -- an increase of 43 percentage points. Admittedly this

is a rough calculation given the differences among countries in survey
methods and categories of roadway and travel conditions for which seat belt
usage data were collected. Nevetheless, this combination of data provides
an indication of what usage might be under MUL's given a large number of

unknown requirements and operating conditions for any future MUL programs.
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TABLE V-15
Countries with Belt Usage Laws
1. Asia/Africa/-1id-East (6) 3. North America (2)
Australia Canada (Seven Provinces)
Israel Puerto Rico
Japan
Malaysia

New Zealand
South Africa

2. Europe-Western (16) 4, Europe-Eastern (5)

Austria Bulgaria
Belgium Czechoslovakia
Denmark Hungary
Finland USSR
France Yugoslavia
Greece

Ireland

Luxemberg

The Netherlands .

Norway

Partugal

Spain

Sweden

Switzerland

United Kingdom

West Germany

Source: American Seat Belt Council, International Seat Belt and Child
Restraint Laws, April 1981, and other sources.
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TABLE V-16
CHANGES IN SEAT BELT USAGE RATES
UNDICR MANDATORY USE LAWS33

Effective
Date of Belt Usage
Country Law Before After
Australia 1-72 (1971) (1972-76)
30% 73-87%
New Zealand 6-72 (1972) (1975)
40% 89%
France 7-73 20-25% (1979)
95% highways
75% country roads
50% night in cities
35% day and night in
built up areas
Puerto Rico 1-74 (1973) (1977) (usage has
5% 14% risen to as
high as 35% in
intervening
years)
Sweden’ 1-75 (1974) (1978)
22% streets 75% streets
Belgium 6-75 (1974) (1976) (Subsequent
17% 87% slow decline
. reported)
Netherlands - 6-75 (1974) (1976)
11% urban 58% urban
24% rural 75% rural
Finland 7-75 (1975) (1975)
30% highways 68% highways on week-
on week- days
days 53% urban traffic
9% urban traffic
Israel34 7-75 6% rural (1977) (law applies

70% rural to inter-
urban travel
only)

33 Except as otherwise noted, the source of the information presented in the
table was "Effectiveness of Safety belt Usage Laws, "Peat, Marwick,

Mitchell & Company, May 1980, DOT-HS-805-490.

34 vpatterns of Safety Belt Usage Following Introduction of Safety Belt
Wearing Law," Hakkart, A.; Ziedel, D.; Technion, Israel Institute of
Technology, June 1983.



Countrz
Norway32

Denmark

Switzerland

West Germany

Austria

South Africa
Ireland

Great Britain36
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Effective
Data of Belt Usage
Law Befogg After
9-75 (19/3) (1980)
13% urban 77% urban
35% rural 88% highway
1-76 25% (1980)
70%
1-76 (1975) (1977)
(repealed 19% city streets  75% city streets
10-77) 35% highways 81% highways
11/80 42% expressways 88% expressways
reenacted
1-76 (1975) (1978)
55% autobahns 77% autobahns

7-76

12-77
2-79

1-83

32% country roads
20% city roads
33% weighted
average

(1975)

10% urban

25% rural

(1976)
10%
(1978)
20%
40%

64% country roads
47% city street
58% weighted average:

(1978)

20% urban

30% rural (not
enforced
(1978)

62%

(1980)

45%

95%

Unweighted (by travel) average of rates entered on table:
Usage Before Law

35 "Effectiveness of Safety Belts in Reducing Motor Vehicle Accident Trauma,"

23%

Usage After Law

66%

Draft Report, Transportation System Center, U.S. Department of
Transportation, June 1984.
36 Department of Transport Press Notice 164 (U.K.) 5 April 1984,
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The study from which most of the data included in Table V-16 were obtained
concluded that the main factors that influence :he frequency with which
individuals wear their seat belts under MUL's are 1) the level of
enforcement applied by police, 2) the natural propensity of individuals to
be law abiding, and/or 3) the individuals' personal perspectives regarding

their own safety.37

A second method for estimating what seat belt usage in the United States
under MUL's might be entails reviewing the effects on usage of MUL's in the
Canadian provinces that have enacted such laws., Given their geographical
proximity to the United States, Canadians have many similar institutions,
customs, lifestyles, and attitudes as Americans, and increases in seat belt
usage resulting from MUL's in Canada might be a better basis for estimating
American usage than looking at the worldwide experience. In addition, the
Canadian government has conducted statistically sound belt use surveys in
the provinces for several years and consequently reliable data on the

effects of the MUL's are available.

Table V-17 presents driver seat belt usage data for six of the seven
provinces that have passed MUL's., Usage rates before the effective dates
of the laws in the respective provinces, as well as the 1983 rates, are
shown. An MUL in a seventh province, Manitoba, went into effect in January
1984, and survey data on the effect on seat belt usage in that province
have not been collected to date. Usage rates before MUL's went into effect

for the six provinces with laws in effect in 1983 averaged 21 percent.

37 vgffectiveness of Safety Belt Usage Laws," Peat, Marwick, Mitchell, and
Company, May 1980, DOT-HS-B805-490.
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Usage rates for the same six provinces in 1983 averaged 61 percent, an

increase of 40 percentage points under MUL's, Usage rates :n 1983 for the

four provinces that had no mandatory use laws average 15 percent, somewhat

below the rate prevailing in the current MUL provinces before their use

laws went into effect.

Under any MUL program, enforcement activities -- and to a great extent
public information and educational (PI&E) programs -- are important parts
TABLE V-17

CHANGES IN DRIVER SEAT BELT USAGE IN CANADA
UNDER MANDATORY USE LAWS38

Effective
Province Date of Law Use Before Use In 1983
Ontario 1-76 23%39 60%
Quebec 8-76 18%39 61%
Saskatchewan 1-77 32%39 54%
British Columbia 10-77 37439 67%
Newfoundland 7-82 9% 76%
New Brunswick 6-83 4% 68%
Manitoba 1-84 12% 12%

Averages weighted by Traffic Counts at Data Collection Sites

Provinces with Mandatory Use Laws 61%
Provinces with No Mandatory Use Laws 15%
Unweighted Average Usage Before 21%

Laws Passed (Excl. Manitoba)

38 wRpad Safety Leaflet," Transport Canada, December 1983,
"The Effectiveness of the Canadian Mandatory Seat Belt Use lLaws," Johah,
Brian A., and Lawson, John J.; Road Safety Directorate, Transport Canada,
December 1983. The rates shown indicate usage during the year prior to the
effective date of the mandatory use laws. Usage generally increased during
the 2-year period prior to the laws' effective dates.
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of the effort to increase seat belt use. Any attempt to estimate usage
under prospective MUL's in a given country based on the experience in
another country(ies) must consider respective activities in these two

areas, especially the enforcement area.

Studies on the effect of PI& programs under MUL's were conducted by the
Canadian Federal Government as well as by provincial governments. One

study reported that PI&E programs increased the amount of public opinion
favorable to seat belt usage and increased the public knowledge regarding
the benefits of seat belt usage but had very little effect in increasing

seat belt usage.40

However, experience in other foreign countries indicates that public
information and media programs can be effective in improving belt usage
rates, Notably, Great Britain ran several seat belt usage media campaigns
in the 1970's and early 1980's, The first such program raised usage in the
affected area from 14 percent to 29 percent over a 3 week period. However,
when the advertising was withdrawn usage began to slip énd was back to 22
percent after 3 months. Later campaigns were successful in raising usage
to the 29-33 percent level. Above this level additional advertising
appeared to make little or no impression. Extensive publicity was also
used preceding the implementation of Great Britain's seat belt'use law in
January 1983, One thrust of publicity began at the end of September 1982,
with national newspaper advertisements incorporating a clip-and-return

coupon to obtain two informational leaflets. Posters were also printed and

40 Peat, Marwick, Mitchell and Company, Op. Cit., findings from interviews
with officials from the Provinces of Ontario and Saskatchewan.
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distributed to local safety organizations along with the two informational
leaflets., The second round of publicity began in early January using
national newspaper advertisements and a national poster campaign. Upon
implementation of the law, seat belt usage increased to approximately 95
percent, from a level of 40 percent prior to enactment of the law in Augqst

1982, and has remained at that level.

In Canada, the seat belt law is generally enforced in conjunction with
enforcement of other traffic laws and varies somewhat from province to
province. A study to measure the effect of increased enforcement
activities on belt usage was conducted in Ottawa from September 1979
through April.1980.41 The number of citations issued increased 975 percent
during the week of increased enforcement and dropped substantially over the
next six months. During the period of increased enforcement, mass media:
publicity on the enforcement program, and educational programs'éxplaining
the benefits of seat belt use were conducted. Seat belt use went from a -
pre-demonstration rate of 58 percent to 80 percent during the period of
increased enforcement and educational activity, then to 77 percent one

month later, and down to 70 percent six months later.

Based on these studies, it appears that seat belt usage that would be
achieved under MUL's in the United States would depend on the extent of
enforcement, the severity of sanctions, and the amount and quality of mass
media publicity and educational programs. The Department is currently

undertaking numerous public informational and educational programs and

41 vEffects of a Selective Traffic Enforcement Program on Seat Belt Usage,"
Jonsh, B.; Dawson, N.; Smith, G.; Transport Canada; in Journal of Applied
Psychology, 1982, Vol. 67, No. 1.
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other promotional activities to increase voluntary seat belt usage. For
example, increases are being sought through a number of comprehensive
community-based programs currently being implemented across the country.
These programs include the basic components of the Department's national
campaign, such as face to face education through a variety of networks, the
use of mass media programs, and incentive programs. Most of these
activities to increase voluntary seat belt usage could be continued under
MUL's as well. An incentive oriented program in Chapel Hill, North
Carolina, produced an increase from a usage rate of 24 percent prior to the
program to a peak of 41 percent; the usage rate was 35 percent 5 1/2

months after the project ended. In addition, usage could be affected by
civil litigation penalties in which insurance payments associated with auto
accident injuries would be reduced if seat belts were not being worn when

the injury occurred.

Given the large number of unknowns associated with any future MUL programs
that might be adopted by the states that could affect seat belt usage,
especially the degree of enforcement and harshness of penalties for
non-compliance, it is difficult to estimate a specific belt usage rate that
would likely occur under MUL's; therefore, a range of usage is estimated.
The most reasonable basis for estimating usage would appear to be the
Canadian experience with MUL's, supported by the experience in 17 countries
as presented above, and assume the same increase in usage would apply to
the U.S. As discussed above, driver seat belt usage in the six Canadian
provinces with MUL's (in effect in 1983) increased 40 percentage points
over the pre-MUL rates. Assuming that other front seat occupants

experience a similar increase in usage, i.e,, a 40 percentage point
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increase over thé 1983 rate of 12.5 percent for all front seat occupants,
results in an estimate of usage under MUL's of 52.5 percent. This rate
compares with an estimate of 55.5 percent derived by applying the
17~country, 43 percentage point increase under MUL's, which is felt to be

less reliable.42

The foregoing suggests a best estimate of seat belt usage under MUL's of
approximately 55 percent. It is noted, however, that the average seat belt
usage rate of 66 percent in the 17 countries with MUL's falls above the 55
percent level, It is also noted that belt usage in the Canadian provinces
with MUL's was 44 percent in 1980 and 47 percent in 1981, before increasiﬁg
substantially to 56 percent in 1982 and 61 percent in 1983.43 The foregoing
instances of seat belt usage rates somewhat above and below the 55 percent
level suggest that it would be appropriate to estimate a range of usage
rather than adopt the point estimate of 55 percent. Acknowledging a high .
degree of uncertainty, the Department believes that an estimated range of

seat belt usage under MUL's of 40-70 percent is reasaonable.

42 the multiplier method of estimating seat belt usage, which was discussed
earlier in this chapter, would produce a usage estimate of 36 percent for
front seat occupants (both the Canadian and 17-country experience produce
multipliers of 2.9). However, it is felt that the incremental approach for
estimating usage is more appropriate, since the estimate derived by
employing that method produces an estimate more in agreement with the rates
experienced under MUL's in other countries. The fact that voluntary usage
in the U.S. is lower than was usage in other countries before their MUL
laws became effective does not mean that usage under MUL's in the U.S.
would be lower than in other countries. The Department believes that the
degree of enforcement of MUL's is the key determinant of usage (and to a
lesser extent public information and education) rather than the inclination
of individuals to voluntarily use seat belts.

43 Transport Canada, Op. Cit.
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3. Air Bags

Air bags are not “ysed" per se; instead an air bag “readiness factor" is
substituted for usage in the calculation of benefits. There are four
subsets of the readiness factor: First, those cases in which an air bag
has been deployed in an accident and has not been repaired prior to another
accident; second, inadvertent deployments of air bags that are not
repaired; third, the actual reliability of the air bag; fourth, those
individuals who disable or dismantle the air bag for whatever reason (fear

of deployment, philosophical reasons, etc.).

An estimate of the potential number of air bag cars in the total fleet
being driven with the air bag unrepaired or otherwise inoperative can be

estimated as follows:

a. Unrepaired Accident Deployments

If all cars had air bags, 0.8% of them would be in deployment accidents
each year (see the Insurance Section (Section VII) for the derivation of
this figure), and 36% of these cars would be repaired, or 0.29% of the
fleet, In the long run, when all cars in the fleet have air bags, 1.2% of

total vehicle exposure would occur with unrepaired air bags, assuming none

of the air bags was repaired, calculated as follows:
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Cumulative
Probability of
5_3 Exposureld Surviving Deployment Total
1 .1811 X .0029 = .0005
2 L1511 .0058 .0009
3 .1326 .0087 .0012
4 .1183 0116 .0014
5 .1058 .0145 .0015
6 .0924 .0174 .0016
7 .0782 .0203 .0016
8 .0620 .0232 .0014
9 .0460 .0261 .0012
10 .0325 .0290 .0009
Total 1.0000 _ .0122

The Department has no data with which to estimate the proportion of
deployed bags that would be repairéd. Assuming 38% of the air bags are not
repaired (See the Insurance Section for assumptions leading to the
estimate), 0.46% (.38 x .0122) of the car fleet would be without operable

air bags.

b. Unrepaired Inadvertent Deployment

The Department knows of 16 inadvertent deployments over the lifetime of ihe
12,187 air bag cars., There may have been more inadvertent deployments that
were not reported. Five of these deployments were on the road and may not
happen with new cars because of safeguards built into the sensing systems
utilized in the newer air bag designs. The remaining 11 deployments
occurred mainly in vehicle servicing situations which may or may not occur

as frequently with the new systems depending on their design, particularly

44 percent of vehicle miles travelled by age multiplied by scrappage ratés.
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the sensor locations. Assuming that a similar percent of inadvertent
deployments would occur with future systems results in an estimated 0.0009
inadvertent deployments over the average car's lifetime, The agency has no
data to accurately determine what percent of inadvertently deployed air
bags would go unrepaired, although it is likely that inadvertent
deployments in a service facility would be repaired by that establishment.
If 30% of the air bags were not repaired, then an additional
.03%(.0009x.30) of all car exposure would be without air bags due to owners

not repairing the bags.

General Motors and Volkswagen stated that air bag systems should be
designed to 99.999% and 99.9985% reliability, respectively, against

- inadvertent deployment, Using these design goals and assuming a 30%
non-repair rate, car exposure without air bags resulting from inadvertent

deployment would be 0,0003% or 300 cars in a 100 million car fleet.

c. Air Bag Reliability

The electronic and mechanical reliability of the air bag system is expected
to be designed to high standards. Systems should be designed to deploy
properly in crashes at least 99.99% of the time (General Motors and

Volkswagen) leaving a 0.01% failure rate at most.
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d. Owner Dismantling

Some commenters indicated that they would dismantle and/or remove an air
bag from their vehicles. Without data to determine what percent of air
bags would be dismantled, the Department assumes that perhaps 1-2% of all

cars on the road would be so affected over the long run.
In summary, combining all four factors results in approximately 2% of all

car exposure being without air bags in the long run -- resulting in an air

bag readiness factor of 98%,

4, Belt Usage With Air Bags

Docket commenters brought forth three theories regarding belt use with air

bags:

a) Belt use would decline because people would believe that the air bag

gives complete protection. The Department believes that education may be

able to overcome this knowledge gap, if it exists.

b) Belt use would remain the same -- those who wear belts now would

continue to do so.

c) Belt use would increase -- because lap belt usage in the past was near
20% and the shoulder belt makes today's belts uncomfortable to some people,

more people would wear a lap belt.
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The Department does not know whether manufacturers would supply a
lap/shoulder belt with the air bag (as Mercedes is doing) or a lap belt, It
is possible that lap belt usage would be higher than lap/shoulder belt
usage. On the other hand, people who are not in the habit of using belts
might not change their habits simply because an air bag and lap belt |
replaced the lap/shoulder belt. In the absence of such data, the benefits
calculations in the FRIA are based on the assumption that current belt

usage will continue with air bags.



VI. SAFETY BENEFITS

In this chapter the estimated effectiveness of a restraint system when used
(see Chapter IV), and the projected usage of that restraint system (see
Chapter V) are combined numerically to estimate the number of lives saved and

injuries reduced. The major results of this analysis are shown in Table VI-1,

TABLE VI~

SAFETY BENEFITS
INCREMENTAL REDUCTION IN

------ Fatalitieg-==--- --=AIS 2-5 Injuries----

Mid- Mid- AIS 1
Low Point High Low Point High Injuries
Air Bags Only 3,780 6,190 8,630 73,660 110,360 147,560 255,770

Air Bags With Lap
Belts (12.5% Usage) 4,410 6,670 8,960 B3,480 117,780 152,550 255,770

Air Bag With Lap/
Shoulder Belts
(12.5% Usage) 4,570 6,830 9,110 85,930 120,250 155,030 255,770

Automatic Belts

(20% Usage to 520 750 980 8,740 12,180 15,650 22,760
70% Usage) 5,030 6,270 7,510 86,860 105,590 124,570 172,120

Mandatory Belt
Use Laws (1in all States)

(40% Usage to 2,830 3,220 3,590 47,740 53,440 59,220 82,510
70% Usage) 5,920 6,720 7,510 100,430 112,410 124,570 172,120
These estimates are annual benefits assuming full implementation. The low,

mid-point, and high estimates are based on the effectiveness ranges. The

mid-points are shown only'for illustrative purposes. The calculated



benefits are over and above those accruing from current levels of restraint
usage (12.5%). Belt usage with air bags in the second and third cases, on
Table VI-1 is assumed to be at current levels of restraint usage (12.5%).
Total belt usage with automatic belts is assumed to range between 20 and 70
percent. The automatic belt safety benefits shown in Table VI-1 are based
on the center seat position being exempt from the standard and the
assumption that center seat occupants will wear the manual lap belt as
often as drivers and front right seat passengers (20-70%)., Incremental
_safety benefits for mandatory use laws (MULs) are shown if MULs are
effective in all States and usage is assumed to range between 40 and 70

percent,

A detailed analysis of potential impact on safety benefits of applying or
exempting the front center seat position from the automatic restraint
requirements is presented below under section F. For illustrative
purposes, the impact of different alternatives affecting this seating
position have been calculated using the mid-points of the effectiveness

ranges.

A. Passenger Car Occupant Fatalities

Based on Fatal Accident Reporting System (FARS) data, the total number of
passenger car occupant fatalities for 1982 was 23,098, Of this total, an

estimated 21,224 (92 percent) were front seat occupants. This 92 percent
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figure, comparing front seat to all occupant fatalities with known seating

position, has held constant since 1975 when FARS was initiated.

Table VI-2 shows the front seat passenger car occupant fatalities for 1975
to 1982 based on FARS data. The "unknown" seating position fatalities have
been distributed between front and rear seats according to the respective

percentages of "known" fatalities,

Table VI-3 presents the number and percentage of front seat passenger car
fatalities with known seating positions. The "other front" fatalities would
include such cases as when a child is standing on the floor or someone is

lying down across the front seat.

TABLE VI-2
FRONT SEAT PASSENGER CAR OCCUPANT FATALITIES?
1975 23,900
1976 24,000
1977 24,700
1978 26,000
1979 25,700
1980 25,200
1981 24,700
1982 21,200
1983 20,400 (Preliminary Estimate)

1 These are rounded to the nearest hundred fatalities; fatalities with unknown
seating position are distributed between front and rear seats according to the
distribution of known fatalities.



1975

%
1976
%
1977
]
1978
%
1979
%
1980
[ 74

1981
[4

7
1982 -
o/

DRIVER

16,270
72.2
16,375
72.1
16,967
72.0
18,224
72.7
18,267
73.8
17,966
73.3
17,722
73.8
15,225
73.1
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TAB.E VI-3
FRONT SEAT PASSENGER CAR FATALITIES

WITH KNOWN SEATING POSITION

FRONT
MIDDLE

644
2.9
602
2.7
577
2.5
627
2.5
513
2.1
526
2.2
460
1.9
373
1.8

FRONT
RIGHT

5,601
24.8
5,714
25.1
5,992
25.4
6,180
24.7
5,968
24.1
6,012
24,5
5,844
24.3
5,202
25.0

OTHER
FRONT

21
0.1
24
0.1
14
0.1
16
0.1

0.1

TOTAL

22,536
100
22,715

100

23,550
100

25,047
100

24,754
100

24,513
100
24,032
100
20,816
100



Table VI-4 presents a projection of front seat fatalities by seating
position for the year 1990. Typically, in an analysis where full
implementation would not occur for 10 or more years, one would project
fatalities from the effective date of a rule 10 years into the future (say
1998, assuming an implementation date of 1988)., However, the agency has
only projected fatalities to the year 1990 and assumes that the magnitude
of fatalities would not change significantly between 1990 and 1998.
Furthermore, the relative safety benefits of the alternatives would not be
affected by an increase in the fatality projection., Total passenger car
fatalities for 1990 are forecast to be 26,700;2 92 percent of these
(24,560) are estimated to be front seat occupant fatalities., The
distribution by seating position takes into consideration the trend of
declining front middle seating position fatalities and the possibility
that, as downsizing continues, there will be a diminishing number of 6-seat
passenger cars. Thus, the percentage of front middle seating position
fatalities is estimated to decline to 1.5 percent of all front seat
fatalities. It should be noted, however, that recent market trends
indicate a renewed interest in large cars. ODriver fatalities appear to
have reached a new plateau of over 73 percent starting in 1979; thus, the
average for 1979-1982 (73.5 percent) is assumed to also be the 1990 value.

This leaves a residual of 25.0 percent for front right fatalities.

2 wyraffic Safety Trends and Forecast," NHTSA, September 1983.
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TABLE VI-4
PROJECTED FRONT SEAT PASSENGER CAR OCCUPANT FATALITIES
BY SEATING POSITION

(1990)
FRONT FRONT OTHER
DRIVER MIDDLE RIGHT FRONT TOTAL
1990 18,050 370 6,140 - 24,560
% 73.5 1.5 25.0 - 100.0

B. Passenger Car Occupant Injuries

The annual distribution of front seht passenger car occupant injuries
(excluding fatalities) was estimated on the basis of 1982 data from the
National Accident Sampling System (NASS). Since AIS 1 injuries constitute

86 percent of all front seat injuries, this analysis will examine AIS 1
injuries and AIS 2-5 injuries separately. These 1982 distributions, as well

as the projections for 1990, are shown in Table VI-5.
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TABLE VI-5
DISTRIBUTION OF FRONT SEAT PASSENGER CAR OCCUPANT INJURIES BY AIS LEVEL
FOR 1982 AND PROJECTED FOR 1990
(EXCLUDING FATALITIES)

ACTUAL -- 1982

AIS INJURY FRONT FRONT OTHER
LEVEL DRIVER MIDDLE RIGHT FRONT TOTAL

0 5,978,394 209,734 1,882,971 4,934 8,076,033
1 1,388,519 29,914 515,786 2,526 1,936,745
2 187,660 6,467 47,417 1,604 243,148
3 45,627 289 16,100 0 62,016
4 5,592 0 2,411 0 8,003
5 3,233 0 728 0 3,961

% OF AIS 1

INJURIES 71.7 1.5 26.6 0.2 100

AIS 2-5

TNJORTES 242,112 6,756 66,656 1,604 317,128

(%) 76.3 2.1 21.0 0.6 100

PROJECTIONS FOR 1990

AIS 1
INJURIES 2,110,000 40,000 800,000 - 2,950,000
(%) 71.5 1.5 27.0 - 100
AIS 2-5

S 290,000 5,000 75,000 - 370,000
(%) 78.5 1.5 20.0 - 100

There were almost 2 million AIS 1 injuries and over 315,000 AIS 2-5 injuries
in 1982. Table VI-5 shows their distribution by seating position. Based on
the agency's belief that the number of occupants and injuries in the front
center seating position will decline, the agency assumes that in 199Q the same

percentage of injuries as fatalities will occur in the front center position

(1.5%).



vIi-8

For 1990, the percentage of injuries by seating position is determined by
comparing 1982 data with the 1981 data and rounding to the nearest 0.5
percent. (In 1981 for AIS 1 injuries -- 69.7 percent were drivers, 3.0
percent front middle, 27.1 percent front right and D.2 percent others; for AIS
2-5 injuries -~ 78.8 percent were drivers, 2.1 percent front middle, 18.9 '

percent front right and 0.2 percent others.)

Total AIS 2-5 injuries for 1990 are determined by comparing projected 1990

fatalities to 1982 fatalities and applying this factor to 1982 injuries (i.e.,

24,560 = 1.16 x 317,128 = 370,000 AIS 2-5 injuries).

21,200

Total AIS 1 injuries for 1990 are determined in the same manner except that
the total is increased by a correction factor to take unreported accidents
into consideration.

There is some debate as to the magnitude of the correction factor which should
be used with NASS data. The Insurance Institute for Highway Safety (IIHS) 7

. commented that the number of motor vehicle injuries are underreported by NASS.
IIHS submitted a study comparing Northeastern Ohio Hospital Emergency Deparﬁ-
ment entries versus police reports of accidents. The findings of this report
note that to overcome biases introduced by the underreporting of injuries té

the police, the non-fatal injury numbers should be multiplied by 1.4.3

3 Docket No. 74-14-N32-1668, "Northeast Ohio Trauma Study," Barancik, etal.,
American Journal of Public Health, July 1983, Vol. 73, No. 7. .



VI-9

NHTSA recognized the underreporting problem in NASS and sponsored a study by
Westat Inc. to estimate the magnitude of the problem.4 The Westat study is
not a definitive treatise on the subject; it has problems relating to res-
pondents not wishing to tell about unreported accidents over the telephone,
etc. However, it is more nationally representative than a study done in one
state, especially since reporting practices vary considerably from state to

state.
The results of the Westat study are:

~- 0.27 unreported injury accidents per NASS injury accident;
~- 0.14 unreported accidents requiring hospital treatment for each
NASS accident requiring hospital treatment; and

-- no unreported accidents requiring a hospital stay.

The findings of the Westat study and the Ohio study are significanty dif-
ferent; the Westat study proposes a multiplier for hospital treated injuries
of 1.14, whereas the Ohio study indicates a value of 1l.4. The agency believes
it is more appropriate to apply the results of the Westat study to the NASS
accident data because the Westat study was specifically designed to address

the issue of underreporting on a national basis,

4 wNational Accident Sampling System, Nonreported Accident Survey," Westat Inc.,
Contract DOT-HS-9-02128, November 1981.
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One limitation of using the Westat study for this analysis is that injury
severity by AIS level for unreported accidents is unknown. Since there
were no unreported accidents requiring a hospital stay, none of the
injuries would be AIS 4 or 5. Since AIS 1 injuries are B6 percent of all
injuries and since we are dealing with unreported accidents, almost all of
these injuries would probably be AIS 1 injuries. For this analysis the

agency assumes that all of these injuries are AIS 1 injuries.

The adjustments to the AIS 1 injuries for unreported accidents are included in

the 1990 projections and are calculated as follows:

1.16 x 1,936,745 1982 AIS 1 injuries = 2,247,000 1990 reported injuries

1.16x0.27x2,253,873 1982 AIS 1-5 injuries = _ 706,000 1990 unreported injuries
2,950,000 AIS 1 injuries

C. Range of Impacts on Fatalities and Injuries

The following formula is used to determine the number of fatalities that
would occur in 1990 if no one uses restraints. A similar formula is used

for AIS 1 and AIS 2-5 injuries:
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FNR = Fgo
1-(U) (Ep)

Where: Fng = Fatalities in 1990 if no one uses restraints

Fatalities in 1990 with current restraint usage

c
U. = Current Restraint Usage
Er = Fatality effectiveness

When applying this formula for different effectiveness estimates (low,
mid-points, and high estimates of effectiveness), Fr and Ug remain constant
while effectiveness changes. Thus, Fyg varies depending on the
effectiveness estimate used in the formula. For illustrative purposes, the
effectiveness estimates for the three-point manual belts for the driver and
right front, and lap belts for the front middle seating position use the

mid-paints of the ranges.

Driver Front Middle Front Right
1990 Fatalities (Fg) 18,050 370 6,140
1990 AIS 1 Injuries 2,110,000 40,000 800,000
1990 AIS 2-5 Injuries 290,000 5,000 75,000
Manual Belt Usage (U.) .140 .050 .084
Fatality Effectiveness(Ep) 45 .35 45
AIS 1 Injury Effectiveness .10 .10 .10
AIS 2-5 Injuries .50 .30 .50

Effectiveness
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This gives the following results:

Fatalities assuming no 19,260 377 6,380
one used restraints (Fyg)

AIS 1 injuries assUming 2,140,000 40,200 807,000
no one used restraints

AIS 2-5 injuries assuming 311,830 5,080 78,290

no one used restraints

The values in Tables VI-6 through VI-9 are the incremental reductions of'
fatalities or injuries when compared to current belt usage levels. These
are derived from the following formula shown for fatalities. A similar

formula is used for AIS 1 and AIS 2-5 injuries.

Incremental Fatalities Reduction = Total Fatality Reduction - Fatality

Reduction at Current Usage Levels

Fi = (FNRY(WUp) (Ep) - (FNR - F)

Where: F; = Incremental fatality reduction
FNR = Fatalities assuming no one used restraints
Up = Projected usage level
Er = Fatality Effectiveness
Fo = Fatalities in 1990 with current restraint usage

As mentioned previously, Fyg varies with the effectiveness estimates

(low, mid-point, and high effectiveness). Thus, when calculating benefits
for automatic réstraints, it is implicit (in the formula) that the low
effectiveness estimate for manual belts is used to calculate a "low"

estimate of current manual belt fatality reduction, which is subtracted
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f-om the "low" fatality reductions for air bags derived from the low
effectiveness estimate for air bags. In calculating safety benefits
throughout this analysis, low effectiveness for manual belts is compared to
low effectiveness estimates for air bags, mid-point effectiveness to

mid-point estimates and high effectiveness is compared to high estimates.

Separate estimates are provided for mandatory belt use laws, automatic belts,
and airbag systems. These values represent annual fatality or injury
reductions at full implementation (that is, when all cars are equipped with a
particular restraint device or when méndatory belt use laws are effective

in all States).

Table VI-6 presents incremental safety benefits for all front seating
positions® for three different effectiveness estimates -- low end of the
range, the mid-point for illustrative purposes, and the high end of the
range. Tables VI-7, VI-B, and VI-9 present incremental safety benefits by
seating position assuming the mid-points of the effectiveness ranges, for
illustrative purposes. Some of these values in Tables VI-7, VI-8, and VI-9

are used in the following center seat position discussion.

5 That is, full front seat air bags; for automatic belts it is assumed that
the center seat is exempt from the standard and manual lap ?elt usage in
the center seat equals belt usage of the driver and front right seat

passenger.
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Air Bag With Lap/
Shoulder Belts
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20% Usage
30%
40%
50%
60%
70%

Mandatory Belt
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TABLE VI-6

SAFETY BENEFITS
INCREMENTAL REDUCTION IN

Use Laws (i1n all States)

40% Usage
50%
60%
70%

------ Fatalities—-==--- ---AIS 2-5 Injuries----
Mid- Mid- AIS 1

Low Point High Low Point High Injuries
3,780 6,190 8,630 73,660 110,360 147,560 255,770
4,410 6,670 8,960 83,480 117,780 152,550 255,770
4,570 6,830 9,110 85,930 120,250 155,030 255,770

520 750 980 8,740 12,180 15,650 22,760
1,420 1,850 2,280 24,370 30,860 37,440 52,640
2,320 2,950 3,590 37,950 49,540 59,220 82,510
3,230 4,060 4,900 55,610 68,230 81,000 112,380
4,130 5,160 6,200 71,240 86,900 102,790 142,250
5,030 6,270 7,510 86,860 105,590 124,570 172,120
2,830 3,220 3,590 47,740 53,440 59,220 82,510
3,860 4,380 4,900 65,300 73,100 81,000 112,380
4,890 5,540 6,200 82,860 92,760 102,790 142,250
5,920 6,720 7,510 100,430 112,410 124,570 172,120
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Table VI-7

ANNUAL FATALITY REDUCTION
MANDATORY BELT USE LAWS IN ALL STATES
(ASSUMING MID-POINTS OF EFFECTIVENESS RANGES --
MANUAL BELT EFFECTIVENESS IS 45 PERCENT FOR DRIVER
AND FRONT RIGHT PASSENGER AND 35 PERCENT FOR FRONT MIDDLE LAP BELT)

Incremental Savings Over Current Usage Levels of Manual Belts®

Usage Driver Front Middle Front Right Total
40% 2,260 50 910 3,220
50% 3,120 60 1,200 4,380
60% 3,990 70 1,480 5,540
70% 4,860 90 1,770 6,720

TABLE VI-7 Cont'd
AUTOMATIC BELTS, (ASSUMING MID-POINTS OF EFFECTIVENESS RANGES -~
EFFECTIVENESS IS 42.5 PERCENT FOR DRIVER AND
FRONT RIGHT PASSENGER AND 35 PERCENT FOR FRONT MIDDLE LAP BELT)

Incremental Savings Over Current Usage Levels of Manual Belts

ggggg Driver Front Middle Front Right Total
20% 430 20 300 750
30% 1,250 30 570 1,850
40% 2,060 50 840 2,950
50% 2,880 60 1,120 4,060
60% 3,700 70 1,390 5,160
70% 4,520 S0 1,660 6,270

6 Assumes usage levels of ménual belts in 1990 are the same as current usage
rates ~ 14.0 percent driver, 5.0 percent front middle and 8.4 percent front
right. Fatalities reduced by current usage levels in 1990 are 1,210 drivers,

7 front middle, and 240 front right.
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TABLE ''I-7 Cont'd

AIR BAGS (ASSUMING MID-PGINTS OF EFFECTIVENESS RANGES --
30 PERCENT EFFECTIVE WITHOUT LAP BELT,
45 PERCENT EFFECTIVE WITH LAP BELT AT
CURRENT USAGE LEVELS, AND AIR BAGS WITH LAP/SHOULDER BELTS ARE 50 PERCENT
EFFECTIVE WITH CURRENT USAGE LEVELS; READINESS FACTOR IS 98 PERCENT)

Incremental Savings Over Current Usage Levels of Manual Belts

Restraint System Driver Front Middle Front Right Total
Air Bag With No 4,450 100 1,640 6,190
Belt Usage

Air Bag With Lap 4,850 110 1,710 6,670

Belt (12.5% Usage)
Air Bag With Lap/ 4,980 110 - 1,740 6,830
Shoulder Belt
(12.5% Usage)
TABLE VI-B

ANNUAL NUMBER OF AIS 1 INJURIES REDUCED AT FULL IMPLEMENTATION ASSUMING
A MANUAL OR AUTOMATIC RESTRAINT SYSTEM WITH 10 PERCENT EFFECTIVENESS

Incremental Savings Over Current Usage Levels of Manual Belts’

Usage Driver Front Middle Front Right Total
20% 12,800 600 9,360 22,760
30% 34,200 1,010 17,430 52,640
40% 55,600 1,410 25,500 B2,510
50% 77,000 1,810 33,570 112,380
60% 98,400 2,210 41,640 142,250
70% 119,800 2,610 49,710 172,120

7 Assumes usage levels of manual belts in 1990 are the same as current usage
rates - 14 percent drivers, 5 percent front middle and 8.4 percent front
right, AIS 1 injuries reduced by current usage levels in 1990 are 30,000
drivers, 200 front middle and 6,780 front right.
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TABLE VI-8 Cont'd
ANNUAL NUMBER OF AIS 1 INJURIES REDUCED ASSUMING 10 PERCENT
EFFECTIVENESS FOR AIR BAG, AIR BAG WITH LAP BELT, OR AIR BAG WITH
LAP SHOULDER BELT; READINESS FACTOR IS 98 PERCENT

Incremental Savings over Current Usage Level of Manual Belts

Restraint System Driver Front Middle Front Right Total
Air Bag With No 179,720 3,740 72,310 255,770
Belt Usage

Air Bag With Lap 179,720 3,740 72,310 255,770

Belt (12.5% Usage)

Air Bag With Lap/ 179,720 3,740 72,310 255,770
Shoulder Belt
(12.5% Usage)

TABLE VI-9
ANNUAL NUMBER OF AIS 2-5 INJURIES REDUCED WITH MANDATORY BELT USE LAWS
IN ALL STATES, ASSUMING MID-POINTS OF EFFECTIVENESS RANGES --
MANUAL BELT EFFECTIVENESS IS 50 PERCENT FOR DRIVER AND FRONT
RIGHT PASSENGER AND 30 PERCENT FOR FRONT MIDDLE LAP BELT

Incremental Savings Over Current Usage Levels of Manual Belts8

Usage Driver Front Middle Front Right Total
40% 40,540 530 12,370 53,440
50% 56,130 690 16,280 73,100
60% 71,720 840 20,200 92,760
70% 87,310 990 24,110 112,410

8  Assumes usage levels of manual belts in 1990 are the same as current usage -
14 percent driver, 5 percent front middle and 8.4 percent front right. AIS
2-5 injuries reduced by current usage levels in 1990 are 21,828 drivers, 76

front middle and 3,288 front right.
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TABLE VI-9 Cont'd
ANNUAL NUMBER OF AIS 2-5 INJURIES REDUCED ASSUMING
MID-POINTS OF EFFECTIVENESS RANGES -~
AUTOMATIC BELT EFFECTIVENESS IS 52,5 PERCENT FOR DRIVER AND FRONT RIGHT
PASSENGER AND 35 PERCENT FOR FRONT MIDDLE LAP BELT

Incremental Savings Over Current Usage Levels of Manual Belts

Usage Driver Front Middle Front Right Total
20% 7,800 230 4,150 12,180
30% 22,610 380 7,870 30,860
40% 37,420 530 11,590 49,540
50% 52,230 690 15,310 68,230
60% 67,040 840 19,020 86,900
70% 81,860 990 22,740 105,590

TABLE VI-9 Cont'd
ANNUAL NUMBER OF AIS 2-5 INJURIES REDUCED ASSUMING MID-~-POINTS OF
EFFECTIVENESS RANGES -~ AIR BAGS ARE 35 PERCENT
EFFECTIVE, AIR BAGS WITH LAP BELTS ARE 55 PERCENT EFFECTIVE WITH CURRENT
USAGE LEVELS AND AIR BAGS WITH LAP/SHOULDER BELTS ARE 60 PERCENT EFFECTIVE
WITH CURRENT USAGE LEVELS; RESTRAINT READINESS FACTOR IS 9B PERCENT

Incremental Savings Over Current Usage Rates of Manual Belts

Restraint System Driver Front Middle Ffront Right Total
Air Bag With No 85,130 1,670 : 23,560 110,360
Belt Usage

Air Bag With Lap 91,550 1,700 24,530 117,780
Belt (12.5% Usage) ,

Air Bag With Lap/ 93,690 1,700 24,860 120,250
Shoulder Belt

(12.5% Usage)
The Insurance Institute for Highway Safety (IIHS) (74-14-N35-022) arques
that this formula does not take into account that belt users are less
frequently involved in serious accidents. IIHS contends that even with
70-B0 percent automatic or manual belt use, non-users will be so
overinvolved that actual reductions may fail to match use rate increases.
According to this theory, risk-prone drivers will never wear belts and

those drivers are overinvolved in accidents. Thus, IIHS would argue that

while the Department's effectiveness estimates have taken into account the
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seriousness of the accident, they have not been corrected to reflect this
overinvolvement; in the IIHS view, this results in averstating safety
benefits. However, no data are available to either validate this theory or
to attempt to quantify its possible effects. That is, it is not possible
to estimate the number of risk-prone drivers who do not use their belts and

the percentage of accidents in which such drivers are involved.

On the other hand, in his comments to the SNPRM (Docket No. 74-14-N35-079)
Professor Nordhaus states that the Department's manual and automatic belt
effectiveness estimates are too low; he argues that those drivers that are
more likely to buckle-up, perhaps 45 percent of all drivers, are not
risk-prone drivers and will thus be involved in less serious accidents.
Therefore, the analysis understates safety benefits in Professor
Nordhaus'opinion. As noted above, the Department has not made changes in
its analysis to account for this possibility in the absence of specific

data.

Professor Nordhaus also argues that the 19.3 percent reduction in fatality
rates for VW automatic restraint Rabbits should be used to determine
fatality reauctions for automatic belts and that any combination of usage
rates and effectiveness should result in a 19.3 percent reduction in
fatalities. He contends that it is illogical to take effectiveness
estimates from one data set and combine it with usage estimates from
another. This argument ignores the reasons why the Department did not use
VW Rabbit automatic belt usage data (see Chaptef V) and the fact that the
Department is analyzing fatality reductions for all cars, not just VW

Rabbits with an interlock. He also demonstrates a lack of understanding of
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NHTSA's analysis of the Rabbit accident data. As Professor Nordhaus
stated, the automatic belt Rabbit fatality rate is 19.3 percent lower than
that for manual belt Rabbits. This rate results from some increase in |
usage as well as the effectiveness of the belts. Knowing the fatality
rate, and usage in accidents we can solve for effectiveness and arrive at a
54 percent figure (see p. 1V-25). However, the usage figure to derive this
effectiveness number is much lower than that actually observed and since
observed usage is deemed a more reliable figure than that estimated for
accidents the agency solved again for effectiveness using the observed
usage and arrived at a 39 percent value. Nordhaus argues that this
methodology is invalid. The agency disagrees because Nordhaus fails to
recognize the uncertainty inherent in the accident usage data. The
agency's calculations take into account this uncertainty and the effect it

has on belt effectiveness.

D. Breakeven Point Analysis of Safety Benefits

This section examines the safety benefit breakeven points among systems.
That is, at what automatic or manual belt usage level would the belt system
provide the same safety benefits as air bags. Because of the ranges in air
bag, automatic belt, and manual belt effectiveness, the breakeven point

analysis is complicated.
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Table VI-10 shows the breakeven points under a number of effectiveness
assumptions. The breakeven points range from 44 percent to over 100
percent; these are the extremes of the effectiveness ranges. Thus,
mandatory belt use laws or automatic belts would have to increase belt
usage to at least 44 percent to achieve the same benefits as an air bag and
lap belt, at the present rate of belt usage (12.5%). Figure VI-1 shows the
relationship between automatic belts and air bags with lap belts. If the
lap belt with the air bag system was not used by any occupants, the
breakeven points would range from 39 percent to 100 percent. .

TABLE VI-10
BREAKEVEN POINT ANALYSIS SAFETY BENEFITS

Fatalities
Effectiveness — Breakeven Pointd

Air Bag10 Automatic Belt
Low (20%) Low (35%) 63%
Mid-Point (30%)11 Mid-Point (42.5%) 74%
High (40%) High (50%) 81%
Low (20%) High (50%) 44%
High (40% Low (35%) Over 100%

Air Bag Manual Belt
Low (20%) Low (40%) 55%
Mid-Point (30%) Mid-Point (45%) 70%
High (40%) High (50%) 81%
Low (20%) High (50%) 44%
High (40%) Low (40%) Over 100%

? The breakeven point is the point at which usage of safety belt systems
provide equal life saving benefits to air bag systems.
0 Air bags with lap belts at 12.5% usage of lap belts.
1 Mid-points are shown for illustrative purposes.
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For AIS 2-5 injuries, the breakeven points between air bags with lap belts
at current usage rates and manual or automatic belt usage are nearly the

same, ranging from 49 percent to over 100 percent.

It must be noted that, in the above discussion, the "breakeven" points are
simply the points at which estimated safety benefits are equal. They do
not take into account the cost factor, thus they do not represent a measure

of cost-effectiveness.

E. Time Phase Analysis of Fatality Benefits

One of the advantages of a mandatory belt use law is that it impacts all
cars in the fleet rather than only new cars affected by an automatic
restraint standard. Thus, it is interesting to examine the benefits of

various alternatives over time.

The benefits of an automatic restraint standard over time can be estimated
by examining fatalities by vehicle age. Table VI-11 shows the 1982
distribution of passenger car occupant fatalities by model year (FARS
data). The model year 1982 and 1983 cars are combined to show the effect

of the first full year implementation of an automatic restraint standard.

The percent of fatalities for any particular year is highly dependent upon
sales in that model year (notice lower percentages than expected in 1981
and 1975 recession years and higher percentages than expected in the high
sales years of 1979 and 1973). Table VI-11 presents 3-year and 5-year

moving averages in an attempt to smooth out the data, given the assumption
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of constant sales per year; however, these smoothing technigues will not:

work for the initial years or the final years. Finally, a smooth curve is

chosen for analytical purposes.

Table VI-11 shows that 10 years after automatic restraints are installed,
74 percent of the fatalities would have been in automatic restraint
equipped cars, without taking into account the effectiveness of automatic

restraints, This estimate assumes that the recent trend to hold on to cérs
longer will continue. If this trend does not continue, this 74 percent

estimate would increase.

TABLE VI-11
PASSENGER CAR OCCUPANT FATALITIES BY AGE
(BASED ON 1982 FARS)

Projected

Average

Assuming

3-Year 5-Year Constant

Model % of Moving Moving Sales Per Cumulative
Year Age Fatals Average Average Year (%) %
198248312 ¢ 5.9 - - 6.0 6.0
1981 2 8.5 N.C. - 9.0 15.0
1980 3 9.0 8.9 N.C. 8.9 23.9
1979 4 9.3 B.9 8.4 8.8 32.7
1978 5 8.4 8.2 8.1 8.3 41.0
1977 6 7.0 7.5 7.3 7.4 48.4
1976 7 6,9 6.3 6.9 6.9 55.3
1975 8 5.1 6.3 6.6 6.6 61.9
1974 9 7.0 6.3 6.4 6.4 68.3
1973 10 7.0 6.7 5.9 6.0 74.3
1972 " 6.0 5.8 5.6 5.7 80.0
1971 12 4.4 4.7 4.8 4.8 84.8
1970 13 3.8 3.6 3.8 3.7 88.5
1969 14 2,7 2.9 2.9 2.8 91.3
1968 15 2.3 2.3 2.1 2.2 93.5
Pre 1968 >15 6.7 6.5 100.0
700.0% D%

N.C. = Not calculated in order to not include the <1 year average for
1982+83.

12 1982 models had 5.7 percent of fatalities and the 1983 models had only
0.2 percent of fatalities.
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Table VI-12 presents a year-by-year (time phase) analysis of the fatality
benefits of an automatic restraint standard, air bags, or automatic belts, and
a mandatory belt use law. Mid-points of the effectiveness ranges are used

in this time phase analysis for illustrative purposes.

The time phased benefits of state implemented mandatory belt use laws as an
alternative to an automatic restraint requirement depend upon the specific
time frame established for state passage and implementation of a belt use

law,

When the benefits of the two alternatives are compared, i.e., mandatory use
laws versus automatic restraint standards, three timing questions should be
considered: 1) the number of states that implement mandatory belt use laws
before an automatic restraint requirement would become effective; 2) the
percent of all occupants covered by a mandatory restraint use law, by year;

and 3) the level of compliance that would result.

Table VI-12 presents three hypothetical scenarios with different
implementation schedules. All these scenarios assume a starting point
equivalent to the effective date of an automatic occupant protection

standard. Scenario 1 assumes all states will pass a mandatory belt use law
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very quickly and have it implemented by the effective date of the

standard. 3Scenaric 2 assumes 67 percent of the population will be covered
under mandatory use laws before the effective date of the standard and
automatic restraints would not be required. No reduction in fatalities is
assumed for 33 percent of the population. Scenario 37assumes 20 percent of
the population will be covered by mandatory use laws by the effective daté
of an automatic restraint standard and the remaining 80 percent of the
population will be in states where automatic restraints (automatic belts

are assumed for this analysis) are required.

A comparison of the data for the hypothetical mandatory belt use law
scenarios in Table VI-12 shows that if all states quickly pass a mandatory
belt use law and usage increased to 70 percent or more, short term benefits
(over the next 10 years) would be about 2.5 times higher than benefits with
air bags or automatic belts with 70 percent usage. It also shows that the
only condition under which automatic belts would provide equal or more
benefits than mandatory use laws would be if usage of automatic belts was
near Qhe high end of the usage range and manual belt usage under mandatory

use laws was at the low end of the range.
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TABLE VI-12

TIME PHASE ANALYSIS OF FATALITY BENEFITS

Air Bag With Automatic Belt: Mandatory Belt Use law: 40-70% Usagel3
12.5% Usage

Year of Lap Belt 20-70% Usage Scenario 1 Scenario 2 Scenario 3
1 400 50-380 3,220-6,720 2,160-4,500 680-1,650
2 1,000 110-940 3,220-6,720 2,160-4,500 730-2,100
3 1,590 180-1,500 3,220-6,720 2,160-4,500 790-2,540
4 2,180 250-2,050 3,220-6,720 2,160-4,500 840-2,980
5 2,730 310-2,570 3,220-6,720 2,160-4,500 890-3,400
6 3,230 360-3,030 3,220-6,720 2,160-4,500 930-3,770
7 3,690 410-3,470 3,220-6,720 2,160-4,500 970-4,120
8 4,130 460-3,880 3,220-6,720 2,160-4,500 1,010-4,450
9 4,560 510-4,280 3,220-6,720 2,160-4,500 1,250-4,770
10 4,960 560-4,660 3,220-6,720 2,160-4,500 1,090-5,070
IDTAL) 28,470 3,200-26,760 32,220-67,200 21,600-45,000 8,980-34,850
1-10
11 5,340 600-5,010 3,220-6,720 2,160-4,500 1,120-5,350
12 5,660 640-5,320 3,220-6,720 2,160-4,500 1,160-5,600
13 5,900 660-5,550 3,220-6,720 2,160-4,500 1,170-5,780
14 6,090 680-5,720 3,220-6,720 2,160-4,500 1,190-5,920
15 6,240 700-5, 860 3,220-6,720 2,160-4,500 1,200-6,030
goTAL) 57,700 6,480~54,220 48,300-100,800 32,400-67,500 14,820-63,530
1-15

13 Definition of Hypothetical Scenarios:

Scenario 1 -- All states pass mandatory use law for all front seat
passenger car occupants by the effective date of an automatic restraint
standard.

Scenario 2 -- 67% of all front seat occupants are covered by a mandatory
use law. The remaining 33% are assumed to have no reduction in fatalities.

Scenario 3 -- 20% of all front seat occupants are covered by a mandatory
use law. New cars in the remaining 80% of the states are equipped with
automatic belts with 20-70% belt usage.
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Some commenters stated that they fzvored a combination of
alternatives--automatic restraints and mandatory belt use laws. This
consideration could maximize the short run and long run benefits, unless
usage of automatic and manual belts was very low--in which case airbags -
would still provide more benefits. Not only can this combination provide
benefits to the current fleet of cars but the mandatory belt use law might
also increase the benefits of the automatic restraint equipped cars by

increasing usage of automatic belts or manual belts with the air bag.

Table VI-13 presents examples of fatality benefits assuming airbags or
automatic belts are required and mandatory seat belt use laws are
implemented. The time phasing of these scenarios is taken from the child
restraint experience and is shown in Table VI-13. Increasing belt usage
with airbags by mandatory seat belt usage laws can greatly increase total
benefits (from 28,476 lives saved to possibly 49,480 over the first 10
years). Also, this combination of alternatives can have a large advantaée
over mandatory belt use laws alone, in the long run.

The advantage of combining mandatory belt use laws and an automatic
restraint (in this case automatic belt) requirement compared to an

automatic belt requirement alone are a large increase in benefits over the
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10-year phase in period (3,200-26,760 lives sa‘ed for automatic belts alone
compared to 16,760-41,020 when automatic belts are combined with MULs).
However, the benefits of the combined mandatory belt use law and automatic
belt requirement, compared to a mandatory belt use law alone, depend on how

well the mandatory belt use laws work. If mandatory belt use laws result

TABLE VI-13

TIME PHASE ANALYSIS OF FATALITY BENEFITS

Assumed Air Bag With 12.5% Usage
Percent of of Lap Belt Automatic Belt and
States With and Mandatory Belt Mandatory Belt Use Law
MUL Use Law 40-70% Usage 40-70% Usagel4
Year
1 2 460-580 110-560
2 2 1,060-1,120 170-1,050
3 6 1,750-1,930 360-1,810
4 8 2,380-2,600 490-2,410
5 30 3,430-4,190 1,150-3,760
6 94 5,270-7,490 2,930-6,290
7 94 5,590-7,660 2,910-6,290
8 94 5,890-7,820 2,900-6,290
9 94 6,190-7,970 2,880-6,280
10 94 6,470-8,120 2,870-6,280
TOTALS 38,480-49,480 16,760-41,020

14 Benefits peak in year 6 since the percent of states covered by a mandatory
belt use law does not increase after this point and after year 6 there are
more automatic belt cars on the road than manual belts. Using the midpoints
of the effectiveness range, automatic belts are 2.5 percentage points less
effective than manual belts.
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in the same usage as automatic restraints and can be passid in every staﬁe
then, since manual belts may be more effective than automatic belts, there
would be additional benefits by not requiring automatic belts. However, if
a combination of the two alternatives, automatic belts and mandatory belt
use laws, result in automatic belts having higher usage rates than manual
belts, then there would be an advantage to the combination of the two

alternatives.

F. Center Seating Position

1. Considerations Related to Center Seating Position

This section analyzes the effect that deleting the requirement of automatic
occupant protection for front center seating positions would have on
fatalities and injuries. Mid-points of the effectiveness ranges are used

in this center seating position analysis for illustrative purposes.

The Department proposed alternatives eliminating the automatic restraint

requirements for the middle front seating position for two reasons:

a) The Department is concerned that the alternative requirements of FMVSS
208 may inadvertently result in the demise of six-seat passenger cars.
Although most of the alternatives call for a performance standard and do
not specify the method of compliance, manufacturers, because of cost
considerations, may 6pt to provide automatic seat belts in lieu of air
bags. There is no known practical method that can provide automatic seat

belt protection for front center seat occupants. Vehicle manufacturers
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that supply automatic belts to meet the requirement would probably use a
console or other means to eliminate the middle seating position. The net
result is that six-seat cars as we know them today may no longer be
produced. Of course, full front air bags could provide automatic
protection for all three front seating positions and allow retention of

six~seat passenger cars.

Roger Maugh of Ford stated1® "The requirement for automatic protection for
the front center seating position essentially eliminates the
three-passenger front seat type of passenger cars. There is no known
practical three-passenger front seat automatic seat belt concept. Then
such a requirement also makes it unlikely that six-passenger car types
should be continued even with air bags because of the unsolved problem of
the hazards air bags pose to out-of-position passengers. We were doing our
testing with that air bag designed to basically accept the energy and
decelerate two 90 percent mannikins...and, of course, what that means is
that you end up putting an air bag in there that has a tremendous amount of
energy. It is that tremendous amount of energy that...gives you the
problem of the out-of-position occupant." However, as indicated in Chapter

111, the agency does not believe that the out-of-position occupant is a

large problem.

Even if automatic protection is not required in the center seat position,
the center seat position may be eliminated if a manufacturer chooses to use

non-detachable automatic belts because of the difficulty presented by the

15 Testimony of Roger Maugh, Ford, at the Kansas City Hearing, December 2,
1983, pg. 283 and 296.
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belts in getting in and out of the center seat. If manufacturers are
allowed to use detachable automatic belts, then the center seat position

can be utilized by detaching an outboard seating position belt,

b) The second reason is related to the small and declining number of
fatalities and injuries associated with this seating position. As shown in
Table VI-3, there were 644 fatalities in 1975 in the front middle seating
position, 373 in 1982, and an estimated 340 in 1983; these comprise less
than 2 percent of all front seat passenger car fatalities, With the
continued down-sizing in cars, there would be, in the absence of the
standard, fewer and fewer (although not zero)16 gix-seat cars on the
highway, resulting in fewer front middle seating position fatalities. As
shown in Table VI-4, front middle seat fatalities are expected to account
for only 1.5 percent of all front seat fatalities in the future (roughly
370 fatalities in 1990). Also, data from the Nationwide Personal |
Transportation Study!’ indicate that from 1969 to 1977, the percent of
vehicles with six or more occupants on trips of all purposes has declined
‘From 2.7 percent to 1.9 percent. Thus, automatic restraints for the froﬁt
center seating position would not yield as many benefits as originally

thought when the standard was issued in 1977.

One of the commenters indicated that the center seat position should not be
exempt from the standard since young children were frequently injured in

this seating position. In the October 1981 FRIA, the agency examined this

16 1n 1982, one-third of the cars sold were six-seat cars.
"Nationwide Personal Transportation Study -- Automobile Occupancy,” Report
No. 1, April 1972, U.S. DOT, Federal Highway Administration, p. 12, and
data from the 1977 Nationwide Personal Transportation Study.
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issue. The 1980 FARS data indicate fatalities in the age group 0-5, young
children, represented 23.4 percent for front center positions, but only 3.3
percent for front right positions. The 1981 and 1982 fARS data indicate
roughly the same percentages, with 0-5 year old children representing 23.3%
and 24.7% of all front center seat occupant fatalities. Preliminary 1983
FARS data show 18,8% of all front center seat occupant fatalities were 0-5
year old children. However, the total front center seat fatalities also
dropped in 1983, The decrease in child fatalities in this seating position
is believed to be the result of three factors relating to child restraint
usage: 1) child restraint usage increased in 1982 and 1983 due to child
restraint laws, 2) the effectiveness of child restraints, and 3) more
children are being put into the rear seats (58% in 1983 FARS data versus
52% in 1982), perhaps as a result of child restraint laws. The Department
would expect the proportion of center seat child fatalities to decrease

as child restraint usage increases.

There are also convenience and "peer pressure" arguments associated with
eliminating the front center seating position from the standard. If the
center seating position is not required to be provided with automatic
restraints, the manufacturers may be able to design detachable automatic
belts for a bench seat; thus allowing the center seat to be utilized
without air bags. (The center seat would still be required to be equipped
with the current manual lap belt.) However, the automatic belt might have
to be disconnected in order to allow a passenger to get into the middle

seating position. The question then arises as to what percent of the
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automatic belts would be recomnected. If some people don't reconnect them,
then usage declines and some of the benefits of requiring automatic

protection -- or at least for the right front passenger -- could be lost.

On the other hand, the MOR study!8 stated that interaction between driver and
passengers was a significant factor affecting belt usage. Since normally one
would enter the front center position from the passenger side, the driver's
automatic belt would not need to be disconnected and the driver may encourage
the reconnection of the right front belt and/or the use of the center seat lap
belt. Thus, center seat lap belt usage could conceivably increase compared to

expected usage in cars with only manual belts.

In addition to Ford's comments noted earlier, AMC, the American Automabile
Association and Consumers Union, indicated that they favored exempting the
center front seating position from the automatic occupant protection
requirement. Chrysler recommended the center front seat be exempted to

improve the test procedure as applied to airbag systems,

2, Benefit Calculations

As shown in Tables VI-4 and VI-5, it is estimated that 1.5 percent of front
seat fatalities and injuries would occur in the front center seating
position (370 fatalities and 5,000 AIS 2-5 injuries). These estimates

assume a ceteris paribus situation: That FMVSS 208 is not in effect and

18 npn Analysis of the Factors Affecting Seat Belt Use," Market Opinion
Research, 1977.
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that no other measures would affect occupant injuries or the number of
six-seat cars being sold. Mid-points of the effectiveness ranges are used

in these benefit calculations for illustrative purposes.

Given current lap belt usage in the center seat position (5 percent) and lap
belt effectiveness in reducing fatalities (35 percent), the number of
fatalities that would occur if no one wore restraints is 377
[370/1-(.05)(.35)], Thus, seven lives are being saved by current levels of

manual belt usage.

Because there is currently no known practicable means to automatically
restrain center seat occupants by belts, if the center front seat position
was covered by the standard, then these occupants would likely have to be
protected by air bags. If all six seat cars were equipped with air bags,
front center seat occupant fatalities would decline by 114 (377 deaths x
roughly B.31 effectiveness for air bags at the mid-point of the
effectiveness range with 5,0 percent lap belt usage x .98 readiness factor
for air bags). Subtracting from this the number of fatalities that would
be avoided by manual belts (seven) leaves a net savings of 107 lives.
Similar calculations for AIS 2-5 injuries result in manual belts saving 76
AIS 2-5 injuries, air bags saving 1,779 AIS 2-5 injuries, for a net savings
of air bags over manual belts of 1,703 AIS 2-~5 injuries. However,
manufacturers may not equip large numbers of cars with air bags or may
still eliminate the center seating position. Thus, these savings are

unlikely to be realized, unless air bags are mandatory,
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Requiring automatic protection for the front center seat will result in shifts
in seating position, if the center seat is eliminated. Some persons who would
otherwise sit in the front center position would switch to the front outboard
or rear seats., Data from the 1982 FARS show that in those accidents where

the front center seat occupant was killed, 20 percent of the time there was no
one sitting in the right front seat. If, under a mandate for automatic
occupant protection, manufacturers comply by providing automatic seat

belts, and assuming that there is a console or other means of keeping

people from sitting in the center front seat, it is assumed that 20 percent

of current front center seat occupants would sit in the front right seat

and 80 percent would move to the rear seat. Similarly for injuries, 1982

NASS data show that 17 percent of the time when the center seat was

occupied in all accidents, there was no one in the right front seat.

The following analysis is done strictly from a statistical viewpoint. That
is, given that there will be a serious (towaway) or fatal accident,
statistically, how much better or worse off is an occupant by sitting in a
seat other than the front center seat? No attempt is made to account for
the number aof accidents that may not occur because the "distraction" factor
of having a front center seat occupant is eliminated. (Some accidents may
occur because the front center seat occupant distracts the driver from
paying attention to the road.) Conversely, it is assumed that no additional
accidents occur because the driver may turn around to converse with someone
who is now a rear seat passenger or to check on a child in the rear seat.

By analyzing the probability of injury or death of shifts in seating

position, the agency is making two additional assumptions: (1) there is

available seating space elsewhere in the car, and (2) the probability of
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teing injured or killed does not change from the current distribution.
Should there not be available seating space, either of three outcomes are
possible: (1) an additional car will be used; or (2) the sixth passenger
will not take the trip, resulting in the analysis overstating potential
death and injury, but there will also be a decrease in vehicle utility; or
(3) the sixth occupant may sit in a non-designated seating position (e.g.,
on a front center console, two people in one designated seating position
such as two children in one seat, in the rear of a stationwagon, or on

someone's lap) with unknown but most likely negative safety results.

The Fatal Accident Reporting System (FARS) is the main source of data on
fatalities. FARS includes only those accidents in which there was a fatality.
Fatality rates for each seating position are developed from FARS data by
dividing fatalities in a given seating position by the number of occupants in
that seating position for all fatal accidents (see Table VI-14).

Similarly, 1982 AIS 2-5 injury rates are taken from NASS injuries and

observations.
TABLE VI-14
FATALITY AND INJURY RATES19
FOR OTHER THAN DRIVER POSITIONS
1982 NASS

1982 FARS AIS 2-5 Injuries
FRONT CENTER .2400 ,0279
FRONT RIGHT .3774 .0274
ALL REAR SEATS .2218 - .0212

9 The ratio of fatalities or injuries to all occupants in a given seating
position. Driver fatality rates are not included since FARS data would tend
to bias the fatality rates of drivers upwards compared to other seating
positions, since drivers are frequently the only occupant in a fatal
accident. A comparison with NCSS data gives us confidence that the
relative fatality rates for other seating positions are not affected by
the FARS reporting criteria.
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Thus, data ¢ww that the front right seat has a much higher fatality raté
than the front center seat, but the injury rates are virtually identical.

The rear seats are statistically the best seating positions.

Table VI-15 shows the calculations for determining how fatalities and

injuries would change if the center seating position could not be used.

TABLE VI-15 :
THE HYPOTHETICAL EFFECT ON FATALITIES AND INJURIES OF SHIFTING SEATING®
POSITIONS :
1982 FARS Data Used 1982 NASS Data Used
For 1990 Fatalities Ffor 1990 AIS 2-5 Injuries

Front Center Occupants 1,571 182,079

20% Move to Front Right
Seat for Fatalities, 17%
For Injuries 314 30,953

Casualty Rate of fFront
Right SeatZ0 x 3774 x .0274

New Front Right
Casualties 119 848

- e o - - - -

80% Move to Back Seats
For Fatalities, 83% ‘
For Injuries 1,257 151,126

Casuslty Rate of Rear

Seats X .2218 x .0212
New Rear Seat Casualties 279 3,204
Total New Casualties 397 4,052
Minus 0ld Casualties

Assuming No Restraint Use =377 -5,080
Change In Casualties +20 -1,028

20 These rates could be adjusted to indicate the casualty rate with automatic
belts rather than with manual belts. The fatality rate changes slightly to
.3777, but this does not change the new front right casualties from 119,
The injury rate would not change from .0274, the change is in the rounding.
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There could be 20 more fatalities per year without the center seating
position. The moving of 20 percent of the éenter seat occupants to the
front right seat, which has a higher fatality rate, increases fatalities,
while the moving of the remaining 80 percent to the rear seat reduces

fatalities.

For AIS 2-5 injuries, the results are very different. AIS 2-5 injuries
could be reduced by 1,028 per year, basically by forcing peaple into the
back seat. Both the fatality and injury calculations assume no increase in

automatic belt usage over the 12.5% current manual belt usage.

Another assumption that can be made for hypothetical purposes is that belt
usage for lLhe right front passenger will increase with the installation of
automatic belts to 20-70 percent total usage. Table VI-16 shaws the
calculations under this assumption. At the same time, it is assumed that
manual belt usage of the rear seat occupants would not increase with the

installation of automatic belts.

Table VI-16 shows that 6 to 31 lives could be saved, and an additional 47 to
248 AIS 2-5 injuries could be reduced, because some people who would have been
sitting in the front center seat might now be buckled up in the front right

seat.

Table VI-17 shows the net impact on fatalities and injuries of continuing
the requirement for automatic protection in the front center seat and the

use of a console in the front center seating position given the assumptions



VI-40

in this analysis. There is very 1 ttle impact on fatalities (+14 to -11).
There could be a reduction in AIS 2-5 injuries of 1,074 to 1,276 per year

if no one could sit in the front center seat.

TABLE VI-16
THE HYPOTHETICAL EFFECT ON FATALITIES AND INJURIES
ASSUMING RIGHT FRONT PASSENGERS INCREASE
BELT USAGE WITH AUTOMATIC BELTS

Current Manual Automatic Automatic
Belt Usage Belt Usage Belt Usage
(8.4%) (20%) (70%)
AIS 2-5 AIS 2-5 AIS 2-5
Fatalities Injuries Fatalities Injuries Fatalities Injuries
New right 119 848 119 B48 119 848
front seat
fatalities/

injuries from
previous center
seat occupants

Increase in 0 0 11.6% 11.6% 61.6% 61.6%
belt usage .

Effectiveness N/A N/A 42.5% 47.5% 42.5% 47.5%
Benefits due N/A N/A 6 47 31 248

to belt usage

TABLE VI-17
NET IMPACT ON FATALITIES AND AIS 2-5 INJURIES
OF ELIMINATING THE FRONT CENTER SEATING POSITION

AIS 2-5
FATALITIES INJURIES
Impact of moving from front
center seat +20 -1,028
Impact aof front right seat
using restraints .
(20-70% Total Belt Usage) -6 to -31 -47 to -248

NET +14 to -11 -1,074 to -1,276
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Another possible scenario can be analyzed. Assume that the front center seat
is exempt from the standard and this seating position remains in the car with
entrance available by detaching an automatic belt., Then assume these front
center seat occupants, being influenced by outboard occupants, use their belts
20~70% of the time. The benefits in this case would be 19-85 lives saved

and 230-990 AIS 2-5 injuries reduced.

Conclusions-~-Center Seating Position

Requiring automatic protection for the front center seating position leaves
the manufacturers of six-seat passenger cars at least two options--air bags
or elimination of the center seating position. If all cars used air bags,
an estimated 107 of the projected 370 fatalities could be saved, and 1,703
of the projected 5,000 AIS 2-5 injuries could be reduced. If the
manufacturers used a console to eliminate the front center seating
position, there would probably be very little impact on fatalities.
However, there could be a reduction in AIS 2-5 injuries'of 1,074 to 1,276.
Thus, a reduction of 21-34 percent of the AIS 2-5 injuries is possible
(1,074 to 1,703/5,000). The big disadvantage of requiring automatic

protection in the front center seat is the potential demise of the six-seat

passenger car.

If the front center seat is exempt from the standard, 19-85 fatalities and
230-980 injuries would be reduced if usage increased 20—70 percent. These
reductions are larger than those which could be obtained by eliminating the
center seat position, but smaller than those anticipated from air bags. The

injury benefits are smaller than either supplying air bags or eliminating
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the center seating position. Nonetheless, the analysis sows that not
requiring automatic protection for the front center seat, while requiring
it for the outboard positions, can lead to reductions in injuries and

fatalities, compared to the current situation of having manual belts in all

seating positions.

G. “Risk Compensation" Hypothesis

There were sevéral commenters to the docket regarding risk compensation.f
Notably, a study by John G. U. Adams (74-14-N32-1675), a study by

Adrian K. Lund and Paul Zador (74-14-N32-1671), Professor E. Scott Gel]ef
(74-14-N32-1008), John Graham (74-14-N35-063) and Professor Lloyd Orr |
(74-14-N35-076).

The "risk compensation" theory is described by Lund and ZadorZ1 ags:

"If drivers are forced to receive more protection than they would
choose voluntarily, they respond with riskier driving that

compensates, more or less, for the forced increase in protection.”

A 1982 paper by John Adams, a British professor, suggests that mandatory
use laws (MULs) are ineffective.2Z The report argues that: (1) The
decrease in road fatalities since 1973 was greater in four countries that

did not have (MULs) than in 13 countries that did; and (2) the evidence

21 Adrian K. Lund and Paul Zador, "Mandatory Belt Use and Driver Risk Taking,"
22 IIHS, 1983,

John G. U, Adams, The Efficacy of Seat Belt Legislation, SAE Paper

Series, 820819, June 1982.
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supports the hypothesis that "protecting car occupants from the
consequences of bad driving encourages bad driving"--more commonly referred

to as the "Risk Compensation Hypothesis."23

There are several factors that cast serious doubts on the validity of

Adam's analytical approach. For example:

(1) Adams uses "total traffic" fatalities rather than "car occupant”
fatalities in his analysis. This approach could easily yield distorted
results since, as his report notes: "Occupant fatalities comprise 37
percent of all highway fatalities in Japan, 42 percent in Britain, 56

percent in France and 72 percent in the United States."24

(2) Adams also notes: '"Road death statistics can fluctuate substantially

from year to year in a way that frequently mystifies the experts. In a
particular country, in a particular year, other influences might obscure or

greatly exaggerate the effect of a seat belt law.,"

Lund and Zador reviewed past studies about the theory and find the result
of these studies to be inconclusive. As an MUL became effective in the
province of Newfoundland of Canada in July 1982, the authors conducted a
research project as to driver behavior before and after the law became
effective, As a control, Lund and Zador undertook similar experiments in
Nova Scotia, which was unaffected by an MUL. The result of their study

showed no riskier driver behavior after implementation of the law--i.e., no

22 First advanced by S. Peltzman, "The Effect of Automobile Safety
Requlation,"”" Journal of Political Economy, 1975.

24 I
Adams, ibid., p. 2,
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evidence of risk compensation. This is the only study that the agency is
aware of that presents a before-and-after comparison of MUL-related

behavior observations under controlled conditions.

Professor Orr disagrees with the Lund and Zador Report indicating that the
changes in behavior may be more subtle and that the small changes in
behavior dismissed by Lund and Zador may, in fact, be significant.
Professor Orr offers a myriad of reasonable behaviors which could partially
offset the benefits of MUL's or automatic restraint requirements. For
example, parents may be more willing to allow teenagers to drive to late
night recreational activities, if they know they will be buckled-up or have
an air bag. John Graham, however, concludes, based on three separate
studies, that there is no substantial empirical evidence far the
risk-compensation theory nor is there any evidence that even if it were

valid it would apply to a crashworthiness measure such as is the subject of

this rulemaking.

In summary, the Department finds no data to convince it that the risk
compensation theory applies in the case of mandatory use laws, or automatic
restraints, Nor has it found any data to help quantify this effect, The
Department has already reduced its manual belt effectiveness estimates
based on data that indicates unrestrained occupants are involved in more :
serious accidents than today's restrained occupants. After this
correction, the foreign experience, which should include any risk
compensation effects, appears to agree with our estimates of effectiveness
for manual belts (see Chapter IV). Since the automatic belt effectiveness

estimates are derived from the manual belt effectiveness estimates, safety
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benefits from automatic belts may also include any risk compensation
effects. However, the air bag effectiveness estimates would not include

any risk compensation effects, if they exist.

H. Benefits of a Gradual Introduction of Automatic Occupant Protection

Tables VI-18, VI-19, and VI-20 show the reductions in fatalities, AIS 2-5
and AIS 1 injuries, respectively, over the lifetime of the cars sold during
a gradual introduction of automatic occupant protection. Reductions are
shown for two possible scenarios: under the first scenario, automatic belfs
would be used for 10, 25 and 40 percent of the fleet for the first, second
and third vyears; under the second, air bags would be provided for 6.67,

16.67 and 26.67 percent of the fleet for three consecutive years,

respectively. The benefits should be added to those that accrue under full

implementation of the standard. (see Table VI-1),

I. Benefits of Mandatory Use Laws

Table VI-21 shows the safety benefits that would occur if states containing
a total of 67 percent of the Nation's population enacted mandatory use
laws, without the implementation of the automatic restraint requirements of
FMVSS 208. Of course, benefits would be higher if additional states

passed mandatory use laws.



Air Bags Only
Air Bags with Lap Belt
(12.5% Usage)

Air Bags with Lap/
Shoulder Belts
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Air Bags with Lap Belt
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Air Bags with Lap/
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70% Usage)
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TABLE VI-18
INCREMENTAL REDUCTION IN FATALITES
OVER THE LIFETIME OF THE MODEL YEAR FLEET
CENTER SEAT EXEMPT
BASED ON LOW-HIGH EFFECTIVENESS ESTIMATES

MY 1987
10% Automatic Belts,
6.67% Air Bags

MY 1988
25% Automatic Belts;
16.67% Air Bags

MY 1989
40% Automatic Belts;
26,67% Air Bags

250-570 620-1,420 990-2,260
290-590 720-1,470 1,160-2,350
300-600 750-1,500 1,200-2,390
50-100 130-250 210-390
500-750 1,260-1,880 2,010-3,000
TABLE VI-19

INCREMENTAL REDUCTION IN AIS 2-5 INJURIES
OVER THE LIFETIME OF THE MODEL YEAR FLEET
CENTER SEAT EXEMPT
BASED ON LOW-HIGH EFFECTIVENESS ESTIMATES

MY 1987
10% Automatic Belts,
6.67% Air Bags

MY 1988
25% Automatic Belts;
16.67% Air Bags

MY 1989
40% Automatic Belts;
26.67% Air Bags

12,080-24,240
13,710-25,070

19,330-38, 780
21,940-40, 100

4,830-9,700
5,490-10,030

5,650-10,200 14,120-25,480 22,590-40,770

870-1,570
8,690-12,460

2,190-3,910
21,720-31,140

3,500-6,260
34,740-49,830
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(12.5% Usage)

Air Bags with Lap/
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Automatic Belts
(20% Usage to
70% Usage)

VI-47

TABLE VI-20
INCREMENTAL REDUCTION IN AIS 1 INJURIES
OVER THE LIFETIME OF THE MODEL YEAR FLEET
CENTER SEAT EXEMPT

MY 1987 MY 1988 MY 1989
10% Automatic Belts, 25% Automatic Belts; 40% Automatic Belts;
6.67% Air Bags 16.67% Air Bags 26.67% Air Bags
16,810 42,010 67,220
16,810 42,010 67,220
16,810 42,010 67,220
2,280 5,690 9,100
17,210 43,030 68,850



USAGE

40%
70%

40%
70%

LOW (40%)

1,900
3,970

LOW (45%

31,990
67,290
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TABLE VI-21
ANNUAL SAFETY BENEFITS OF
MANDATORY USE LAWS
AFFECTING 67% OF THE POPULATION

INCREMENTAL FATALITY REDUCTION

EFFECTIVENESS
MID-POINT (45%)

2,160
4,500

INCREMENTAL AIS 2-5 INJURY REDUCTION
MID-POINT (50%)

35,800
75,310

AIS 1 INJURY REDUCTION
10%

55,280
115,320

HIGH (50%)

2,410
5,030

HIGH (55%)

39,680
83,460
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VII. INSURANCE PREMIUM REDUCTIONS

The potential reduction in fatalities and injuries that are likely to
result from mandated automatic restraints could produce a corresponding
decrease in legal, medical and rehabilitation expenses. The reduction in
these and other expenses associated with fatalities and injuries which sare
traditionally covered, at least in part, by insurance policies, would
decrease insurance company payouts. On the other hand, it is possible that
the additional cost of automatic restraints may increase insurance company
payouts for certain property damage claims. Since insurance premiums are
generally based on loss experience, it is assumed that shifts in this

experience will eventually be reflected in the premiums paid by consumers.

Generally, three types of insurance provide coverage for injuries suffered
in automobile accidents; automobile insurance, health insurance, and life
insurance., Possible changes in insurance premiums for each type of
insurance are examined in detail in this chapter. A summary of these
changes is shown in the table below for the range of possible effectiveness
rates. Note that savings occur in automobile, health, and life insurance
due to fatality and injury reduction while costs associated with air bag
deployments may cause a small increase in automobile insurance policies

that cover property damage (collision and comprehensive insurance)., The
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numbers in this summary table are derived from Tables VII-3, VII-17,
VII-19, and VI1-23 respectively for automobile insurance savings, auto-

mobile insurance losses, health insurance, and life insurance.

SUMMARY OF RANGE OF POTENTIAL NET EFFECTS
DN INSURANCE PREMIUMS FROM
AUTOMATIC RESTRAINT REQUIREMENTS

Per Vehicle Per Vehicle Total Annual
Annual Lifetime 1990 Fleet
Savings ($) Savings ($) Equivalent Savings ($M)
Air Bags
Automobile Insurance
Savings-Safety 9-17 62-115 1108-2046
Loss-Dep loyment (3) (18) (312)
Health Insurance 4- 8 29- 54 521- 962
Life Insurance 0- 1 R 62~ 136
Tot al 10-23 76-158 1379-2832
Automat ic Belts
{For 20 Percent Assumed
Usaqe )
Automobile Insurance 1- 2 5- 14 89- 243
Health Insurance 0- 1 2- 7 42- 114
Life Insurance 0 D- 1 7- 14
Total 1- 3 7- 22 138- 371
Automat ic Belts
(For 70 Percent Assumed
Usage )
Automobile Insurance 10-14 65~ 94 1146-1676
Health Insurance 5. 7 - 44 539- 788
Life Insurance 1 4- 6 7 - 106
Total 16-22 100-144 1756-2570

Note that any changes in insurance premiums are likely to lag behind actual
changes in loss experience. Moreover, the full value of the changes

indicated in the above table would probably not occur until roughly 10 to
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15 years after any of the proposed rules would be implemented-when the
entire vehicle fleet has already been replaced with vehicles containing
automatic restraints. Both safety benefits and premium reductions in
intervening years would be considerably smaller because safety benefits
would only accrue to the newer vehicles in the fleet. The "Total Annual
Savings" column in the above table reflects a hypothetical situation in
which the entire 1990 passenger car fleet was equipped with automatic
restraints and had been so long enough to affect insurance experience. It
is provided here in order to remain consistent with safety benefit

calculations, which were based on 1990 fatality and injury forecasts.

A, Automobile Insurance

Automohile insurance plans include a variety of different coverages.
Basically these include personal injury liability and medical coverage,
which pavs for bodily injury caused by accidents; physical damage
lisbility, which covers damage to property of others caused by the
policvholder; collision insurance, which covers damage to the
policyholder's vehicle from accidents; and comprehensive cdverage, which

covers damage to the policyhclder's vehicle from non-motor vehicle accident

causes such as fire, flood, and theft,

Premiums paid for the first two of these coverages, personal injury
liability and medical, would be reduced by the safety benefits
that result from automatic restraints. Premiums paid for the remaining

three coverages, physical damage liability, collision and comprehensive,
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may be increased to cover higher replacement and book value costs
associated with air bags (the r=latively low cost of automatic belts would

have an insignificant effect on insurance premiums ).

In the following secticons, estimates will be made of the effect on
premiums for each of these coverages. The effect of safety benefits on
personal injury coverage will be examined first, followed by the added

premium costs that may result for the various physical damage coverages.‘

1. Personal Injurv Premium Reduction from Safety Benefits

The potential safetyv benefits associated with automatic restraints have
prompted some insurance companies to offer premium reductions for cars
equipped with these devices, These reductions are currently based on
expected savings in both claims and expenses associated with first part}1
injury coverage. Based on a recent survey of insurance companies, NHTSA
est imates that about 40 to 70 percent of all automobile insurance policies
nationwide of fer discounts of up to 30 percent on vehicles that have some

form of automatic restraint.

This analysis is based on the assumption that the reduction in fatalities
and injuries associated with automatic restraints will result in cost

savings that will be passed on to consumers via premium reductions, While
it is not certain what level of fatality and injury reduction would occur,

insurance industry testimony indicates that savings from injury reduction

1 Under first party coverage, the policy holder collects compensation for
losses from the insurer. Third party coverage refers to compensation paid
by the policy holder's insurer to other persons involved in the crash.
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will in fact be passed on to consumers. In past Public Hearings,Z some
insurance industry representatives indicated that they could not provide
any assusances regarding the transfer of cost savings to consumers.
Specifically, State Farm said a decision can only be made after a careful
assessment of the impact of automatic restraints when an adequate number
of cars are on the highway. However, in recent public hearing on FMVSS 208
State Farm stated that "substantial cost reductions . . . will be reflected
in the rates which will be charged State Farm policyholders." In
subsequent comments to the SNPRM, State Farm reaffirmed that insurance
savings will be passed on to the consumer and labeled such savings as

"substantial" while suggesting that the DOT estimates are conservative.

Other companies, have also stated that savings would be reflected in lower
premiums. In recent public hearings,’ Nationwide Insurance Co. cited
existing discounts for automatic restraints, bonus coverage for seat belt
users, and recent rate decreases in 19 jurisdictions as evidence that
decreases in fatality and injury experience will, in fact, be passed on to
consumers through premium reductions. Nationwide reiterated this, view in
comments to the SNPRM, Other commenters also testified that premiums would
reflect changes in injury experience. These include the American Insurance

Association,4 the United States Automobile Association,5 Allstate Insurance

2 Ppublic Hearing Concerning the Automatic Restraint Requirements of FMVSS

208, "Occupant Crash Protection, Volumes I and II," August 5-6, 1981, U. S.

DOT, Diversified Reporting Services.

3 public Hearing on Issue of Automatic Restraint Systems, Overland Park,
Kansas, 12/1/83.

4 Ppublic Hearing on Issue of Automatic Restraint Systems Overland Park,
Kansas, 12/1/83,

> Public Hearing on Federal Motor Vehicle Safety Standard 208, Occupant Crash

Protection 11/28/83, Los Angeles, California,



Vil-6

Company,® The Automobile Club of Southern California,’, the National
Association of Independent Insurers,8 and James P. Corcoran, Superintendent
of Insurance of the State of New York.? Recently (6/84), New York State
passed a law that would require insurance companies to offer discounts to
drivers who have automatic restraints in their cars. Finally, the
Automobile Club of Michigan, an affiliate of AAA, stated that they have
committed to the Michigan Legislature to reduce premiums by 20 percent én

the dayv a mandatory seat belt law becomes effective in Michigan.10

Insurance industry claims of premium reductions notwithstanding, the
Department is still uncertain regarding the amount of premium reductions to
be passed on to policyholders. The Department sought additional estimates
of insurance savings through gquestions in the SNPRM, but insurance
companies failed to provide further specifics regarding possible policg
holder savings. The insurers claim they already offer 20 to 40 percent
premium discounts for automatic restraint-equipped vehicles. However, these
only apply to first-person injury payments, a relatively small part of
total premiums. USAA was the only insurer to translate this "30 percent
discount" into dollars, and at the Los Angeles public hearing stated it

amounted to about $3 per year.

6 Ppublic Hearing on Federal Motor Vehicle Safety Standard 208, Occupant Crach

Protection, 11,/28/83, Los Angeles, California.

7 Public Hearing on Federal Motor Vehicle Safety Standard 208, Occupant Crash

Protection 11/29/83, Los Angeles, California.

8 public Hearing on Federal Motor Vehicle Safety Standard 208, Occupant Crash

Protection, Washington, D.C. 12/7/83.

% Ppublic Hearing on Federal Motor Vehicle Safety Standard 208, Occupant Crash

Protection, Washington, D.C. 12/5/83,
10 Docket 74-14-N33-129
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The above discounts often apply only to air bags, not automatic belts.
Nat ionwide, Aetna, Allstate, and GEICO related their current discounts to
air bags only. Only Kemper stated it offered premium reductions for both

automatic belts and air bags.

Insurers, in general, continued to refuse to estimate reductions for
personal liability premiums. As in the past, only Nationwide offered a

quantified estimate, $31 per year, for air bags, for all personal injury

premiums. Several other companies stated the Nationwide estimate appeared
reasonable while others claimed, because of industry competitiveness and
because rates are based on experience, that '"substantial" reductions would
occur, However, Allstate stated that it was hard to predict reductions due
to passive belts because manufacturers might produce "poorly performing

automatic belts" which might not save any lives or prevent any injuries,

Overall, although it appears that some level of insurance premium reduction
will result from automatic restraints, the exact level of that reduction is
uncertain, and is highly dependent on the success of the restraint system

in reducing deaths and injuries.,

Current premium reductions are associated with first party injury coverage
only. The following analysis of insurance cost savings is based on the
assumpt ion that as the fleet is replaced with more vehicles equipped with
automatic restraints, insurance companies could begin to experience cost
savings that would allow them to extend premium reductions to third party
premiums as well as first party premiums. For competitive reasons,

insurance companies may eventually discont inue the practice of offering
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vehicle specific discounts and offer, instead, general reductions in first

and third party injury premiums.11

Estimates of insurance premium reduction have varied considerably. For
example, data provided by Nationwide Mutual Insurance Companies to the
FMVSS 208 docket12 indicated that the installation of air bags in all
automobiles would reduce private passenger first and third party liability
premiums by 24.6% or $31 annually per insured car. However, the Insurance
Commissioner of NY State, James Corcoran, estimates that, based on NY State
data, annual premium savings of $66 per insured vehicle could be realized
if automatic restraints were required. NHTS5A has not adopted these

est imates for several reasons: 1) the Nationwide estimate reflects
expectations of air bag safety benefits that are inconsistent with current
agency estimates. It was derived in 1976 and does not reflect what tne:
agency believes to be the best estimate of air bag effectiveness, 2) The
Corcoran estimate reflects data from one state only and is not nationally

representative, Premiums in New York State tend to be higher than those in

the overall country,

11 This assumption is based on general discussions with representatives of the
insurance industry. For further discussion, see comments of William
Nordhaus, Docket No. 74-14-NPRM-N20-110 (pp. 11-12) and Docket No.
74-14-NPRM-N22-032 (pp. 12-13). :

12 pocket No. 74-14-N20-100, and 74-14-N35-038.
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In Chapter IV a range of effectiveness rates is estimated for the various
forms of automatic restraints. In the following pages, the mid-points of
these ranges will be used to illustrate the methodology on which final
estimates are based. Results for the entire range of estimates are listed

in Table VII-3,

The safety benefits derived from an automatic restraint device are a
function of both its effectiveness in reducing injuries and its usage rate.
Based on data developed in Chapter IV (air bag effectiveness weighted by
current belt usage) air bags are estimated to be 31.9 percent effective in
preventing fatalities, 36.9 percent effective in preventing AIS 2-5
injuries and 10 percent effective in preventing AIS 1 injuries. NHTSA
currently does not have data which indicate the part of insurance payouts
that result from death as opposed to injuries., fatalities make up less
tnan 1.5 percent of all injuries and the incidence of AIS 2-5 injuries
cutnumber deaths by a ratio of almost 14 to 1. However, liability payments
for deaths would tyvpically be much higher than for most injuries (an
exception to this might occur with AIS 4 or 5 injuries, which can involve

expensive long term medical problems).

Allstate insurance estimated that 1 percent of their injury losses under
personal injury protection, uninsured motorist, and bodily injury liability
coverages are assoclated with instant or immediate.fatalities.13 FARS,
NASS, and NCSS data, which are used to estimate safety benefits in this
analysis, define a fatality as any death that occurs within 30 days of the

accident. Considering the Allstate estimate of one percent of losses for

13 Docket No. 74-14-032-6106.
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instant or immediate fatalities, it will be assumed for this analysis that
10 percent of all losses are associated with deaths that occur within 30
days of the accident.'® The remaining 90 percent of losses will be divided
between AIS 2-5 and AIS 1 injury categories. This division will be based
on the assumption that the aggregate economic cost of lost productivity and
medical expenses reflects the appropriate ratio of insurance payouts. A

recent NHTSA report, The Economic Cost to Society of Motor Vehicle

Accidents1® indicates that for these costs (exclusive of fatalities) roughly
16 percent is incurred from AIS 1 injuries and B4 percent is incurred for
AlIS 2-5 injuries. Overall weights would thus be 10 percent for fatalities,
75.6 percent for AIS 2-5 injuries, and 14.4 percent for AIS 1 injuries.
Weighting the above mentioned effectiveness estimates by these factors, an
average effectiveness (in reducing costs from injuries and fatalities) of

32.5 percent is derived for full frontal air bags.16

14 Allstate was not able to precisely define "instant or immediate," but the
semantic description seems to imply death on impact. Such cases would
require minimal medical attention and would therefore be less expensive
than other fatalities which would typically require treatment in intensive
care units. The use of a 10 percent estimate reflects both additional
fatalities that occur within 30 days and the higher treatment costs that
occur for those fatalities. While there are no data to confirm the
accuracy of this estimate, it should be noted that the analysis is not
overly sensitive to this variable. Prior to receipt of the Allstate
estimate, an analysis was performed based on societal costs as measured ir
the 1/83 NHTSA report The Economic Cost to Society of Motor Vehicle
Accidents. That analysis weighted fatalities to injuries in a 73-27 ratio
rather than the 10-90 ratio used here. The overall results were roughly 8

percent lower than the savings estimated in this analysis. The 73-27 split

was also used in tne 7083 PRIA., The large difference between this ratio
and the Allstate estimate probably indicates that insurance payouts do not
fully cover the value of lost productivity associated with fatalities.

15 The Economic Cost to Society of Motor Vehicle Accidents, January 1983,
DOT-H5-B06-342. ‘

16 Fatalities: .319 effectiveness x .10 = 032
AIS 2-5 Injuries: .369 effectiveness x .75 = ,279
AIS 1 Injuries: .10 effectiveness x .144 = 014

TOTAL . 325
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Similarly, lap and shoulder belts, when used, are estimated to be roughly
43.7 percent effective in reducing fatalities and injuries.17 The higher
overall effectiveness of seat belts is due to their ability to reduce
injuries for side, rear and rollover impacts as well as frontal impacts.
However, currently seat belts are worn by only 14 percent of the driving
population {12.5 percent of front seat passengers)78 whereas air bags would

protect virtually all front seat occupants.,

A.M. Best Company {a publisher of insurance industry statistics) lists the
1982 value of private passenger liability premiums at $20.9 billion. Data
from the insurance industryl? indicates that 66 percent of this total or
$13.8 billion is fer personal injury coverage. The remainder is for damage
tc propertyv. Best data show that roughly 73.5 percent of these premiums,
or $10.1 billion will be paid out to accident victims as incurred losses
from motor vehicle accidents., These losses could be reduced if automatic
restraints were to result in fewer fatalities and injuries. Best data also
indicate that loss adjustment expenses such as claim adjustment, legal
fees, assessment costs, etc. represent 12.7 percent of premiums earned.
Some of these costs represent expenditures that are relatively fixed. For
example, some companies have their own claim adjusters and legal staff that

would be paid a salarv regardless of small variations in the accident rate.

17 Fatalities: .45 effectiveness x .10 = 045
AIS 2-5 Injuries: .50 effectiveness x .75 = .378
AIS 1 Injuries: .10 effectiveness x .144 = ,014

TOTAL 437

18 Current usage rates for front driver, center and right seating position are
14, 050, and .084., The percent of projected 1990 front seat fatalities
for the driver, certer and right seating positions are 73.5, 1.5, and 25.0%
(W14 x .735) + (.050 x .015) + (.084 x .250) = 12.5% average usage rate for
front seat.

19 See Docket 74-14-N32-6106 and 74-14-N32-6126
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Dther companies, however, hire claim adjusters as needed and even the
larger companies may pay commissions to their own claim adjusters or hire

additional legal staff if needed.

Although the short run effect of decreased injuries on these expenses isg
unclear, over the long run, lower injury rates should result in a
proportional decrease in loss adjustment expenses. It will therefore be
estimated that a total of 86 percent of premiums (73.5 percent incurred
losses plus 12.1 percent loss adjustment) will be affected by reductions in
injuries and fatalities. It should be noted that this reflects overall
industry experience: for different companies the percentage may be higher

or lower.

The above premiums cover toughly 111,560,000 vehicles20 for an average
personal injury liability premium of $124 per vehicle. Of this amount, 8¢

percent or $107 might vary with improvements in safety.

As mentioned above, safety benefits are a.function of both effectiveness
and usage rates. For this analysis, the product of these variables wili be
referred to as the safety factor. The safety factor of the current vehicle
fleet as compared to the current fleet if it were air bag equipped is as

follows:

20 pata from Automobile Insurance Plans and Services Dffice ( AIPSD) indicates
that in 1982 there were 111,564,554 vehicles (including light trucks and
MPV's ) covered by private passenger automobile liability policies.
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1983 Fleet

.437 effectiveness x .125 usage = .055 (safety factor for front seats) x
.486 (percent of all motor vehicle fatalities in front seat of
astomobiles )2 = ,027 (1983 fleet safety factor)

1983 Fleet (Air bag equipped)
. 325 effectiveness x .98 usage = .319 x .4B6 = .155 (air bag equipped fleet
safety factor)

Full frontal air bags would therefore increase the safety of the current
fleet by 12,8 percentage points. This could reduce the average annual
premium by $14.22 These savings, which would accrue after the entire fleet
has been equipped with air bags, would be applicable to the entire insured
passenger car fleet. It is not certain when the existing fleet will be
replaced. This could occur as early as 1998, but it is more likely to be
early in the first decade of the new century before all vehicles are
replaced. Since it is difficult to project vehicle sales that far into the
future, for illustrative purposes, we will estimate total savings for 1998.
In 1998, the insured passenger car fleet is estimated to be roughly 126

million vehicles.23 Total annual savings would therefore be $1.8 billion.?24

21 For this analysis it will be assumed that insurance losses are proportional
to fatalities. Passenger car occupants are 52.8% of all fatalities. front
seat fatalities are 92% of all occupant fatalities. .92 x .528 = .486

22 Assuming that incurred losses are directly proportional to the incidence of
death and injury, the total variable loss per vehicle in 1982 if the safetvy
effectiveness factor had been 0 (i.e. no seat belt usage) would be $110
(107 /1-.027=%$110). .128 x $110 = $14.08. Note that this represents an
average savings. Savings for more accident prone groups, such as 18-24
year old male drivers, would probably be considerably higher while savings
for drivers in low risk groups would be lower.

23 Based on current forecasts, NHTSA estimates a passenger car fleet of 135
million in 1998. Data from AIPSO indicates that roughly 90% of all
passenger cars are covered by liability insurance. Data from Nationwide
Mutual Insurance Co. indicates that passenger cars pay 10 percent of
commercial liability premiums. Based on AM Best data, commercial premiums
total $4.7 Billion in 1982. Assuming the same average premium cost for
commercial as for private policies the total number of cars with commercial
insurance is 3,790,000 ((.10 x $4.78)/$124). This represents roughly 3.4
percent of the total number of vehicles with private passenger liasbility
coverage, Therefore, it is estimated that 93% of all vehicles have
lisbility coverage. .93 x 135M=z 126M.
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Had the entire fleet been equipped with air bags in 1990 (the base year for
fatality and injury benefit calculations), total annual savings would have

been $1.6 billion.,

Over the life of each vehicle, the discounted value of insurance savings
(assuming a 10 percent discount rate and a 10 year vehicle life) would be
$95,25 Spread over the entire vehicle fleet (including uninsured vehicles),

the discounted value is $89.26

Other alternatives being considered involve the use of detachable or
nondetachable belts. There is considerable uncertainly regarding the
actual usage rates that would eventually result from these systems.
Estimates derived in Chapter V range from 20 to 70 percent. Table Vll—i
shows the derivation of premium decreases for various usage levels of
automatic belts. Table VII-Z summarizes the potential insurance premium
benefits resulting from various usage rates that might occur for automatic
belt systems, as well as those associated with the effectiveness rate
expected for air bags. Safety belt usage laws are also under consideration
in this analysis. Such laws would involve use of the current safety belt
system which may be slightly more effective than automatic systems.
Benefits from such laws would therefore be somewhat higher than those shown

in Table VII-1.

24 Note that light trucks, MPV's and other vehicles may also eventually
receive some reduction in their liability premium. Although these vehicles
would not contain automatic restraints, they may still benefit from the
reduced injury experienced by passenger car occupants through lower
liability settlements when the driver of the non-passenger cars is at
fault. ,

25 The conversion factor for a 10% discount rate over 10 years is 6.758
6.758 x 14.08 = $95.

26 126m (insured vehicles) x $95/135m (all vehicles) = $88.81.
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TABLE VII-1
ANNUAL PREMIUM SAVING FROM AUTOMATIC BELTS
Percentage Decreases

Usage Safety Point in
Bate  Factor?7  _Increase?8  _Premium??

20 . 040 .03 $1.43

30 061 .034 3.74
40 . 081 .054 5.94

50 107 .074 8.14
60 . 121 .0%94 10.34

70 147 114 12.54

TABLE VII-2

SUMMARY OF POTENTIAL AUTOMOBILE PERSONAL INJURY
INSURANCE PREMIUM SAVINGS30
AIP BAGS AND AUTOMATIC BELTS, MID-POINT EFFECTIVENESS

(1982 %)
Total
Annual
Per Per Vehicle Total Savings
Insured Vehicle {Includes Uninsured) Annual 1990 Fleet
Autometic Belts: Annual Life- Annual Life- Savings 1998_ _Equivalent
Usage PRate Savings  Time>! Savings Time32 Fleet (M)3 (M3
20 1 10 1 9 180 160
30 4 25 3 24 47 419
40 6 40 6 37 748 665
50 8 55 8 51 1026 912
60 10 70 7010 65 1303 1,158
70 13 85 12 79 1580 1,404
Air Bag:
Effectiveness
33 14 95 13 89 1774 1,577

27 Usage Rate x Effectivenmess (.416) x % Front Seat Passenger Car Fatalities
(.486).

2B gafety Factor minus 1983 Fleet Safety Factor (.027).

29 percentage Point Increase x estimated current premium rate with no belt
usage ($110).

30 The values shown for manual or automatic belts must be considered as upper
limits since they do not account for the apparent lower usage of safely
belts by those involved in accidents as compared to the general population.

31 present discounted value over 10 year lifetime at 10% discount rate.

32 present discounted value over 10 year lifetime at 10% discount rate..

33 per insured vehicle annual savings x 126 m insured vehicles (based on 135 m
passenger car fleet in 1998, ‘

34 Per insured vehicle savings x 112 m insured vehicles (based on 120 m
passenger car fleet in 1990).
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The above estimates, as well as all previous methodology in this chapter,
have been derived from the mid-points of the estimated ranges of
effectiveness discussed in Chapter IV. Given the uncertainty which is
partially responsible for the establishment of these ranges, consideration
should also be given to the upper and lower bounds of premium savings that
could result when the low and high effectiveness values were considered.
Table VI1I-3 compares the low, mid-point, and high effectiveness estimatgs
for air bags, for automatic belts at 20 percent usage, and for automatic
belts at 70 percent usage. MNote that as a simplifying measure the |
TABLE VII-3

SUMMARY OF POTENTIAL AUTOMOBILE PERSONAL INJURY INSURANCE
PREMIUM SAVINGS FOR LOW, MID-PODINT, AND HIGH EFFECTIVENESS RATES

(19824 )
Insured Vehicles All Vehicles Total
Total Annual
Annual Sa\ ings
Savings 1990 Fleet
Annual Lifetime  Annual Lifetime 1998 Fleet Equivalent
Savings  Savinas Savings Savings (Millions) (Millions!
Air Bags: '
Low Eff. 10 67 9 62 1,247 1,108
Mid Eff. 14 95 13 89 1,774 1,577
High Eff. 18 123 17 15 2,302 2,046
Automat ic Belts - 2D0% Usage:
Low Eff, 4 5 1 5 100 89
Mid Eff. 1 10 1 9 180 160
High Eff, 2 15 2 14 273 243
Automat ic Belts - 70% Usage:
Low Eff. 10 69 10 65 1,289 1,146
Mid Eff. 13 85 12 79 1,580 1,404

High Eff. 15 101 14 94 1,885 1,676
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mid-point of lap and shoulder belt usage was used to define the 1983 base
safety factor for both the high and low effectiveness estimates. Use of
low or high estimates of base safety factors in various combinations with
automatic restraint safety factors would have a minimal effect on the

material results of this analysis,

2, Auto Physical Damage Premium Increases from Air Bag Replacement Costs

Although personal injury liability premiums might decrease because of
automatic restraints, air bag deployment would make repair bills for
vehicles involved in accidents somewhat higher. In addition, the cost of
air bags would raise the average book value of passenger cars. This may,

in turn result in higher auto physical damage premiums.

Three basic types of phvsical damage insurance could be affected by the
addition of air bags to the vehicle fleet: .Collision insurance, which
covers repair of all damage to the driver's car caused by an accident,
propeTty damage liability insurance, which covers repairs for third party
losses, and comprehensive insurance which covers damage or loss of

the insured car due to fire, theft, and vandalism. Since both collision
and liability insurance cover similar types of losses (i.e. damage from

motor vehicle accidents), they will be examined together.

Note that, in the course of public testimony and comment on this rule,
several comménters have stated that collision and comprehensive insurance
premiums would automatically increase as higher vehicle prices (reflecting
the addition of the air bag) pushed vehicles into higher cost categories.

This would occur because collision and comprehensive premiums are often
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based on ''symbol'" categories which classify vehicles in a specific price
range. As the price of the vehicle increases to reflect added air bag
costs, some vehicles would move out of one "symbol" category and into the
next, resulting in a higher premium for that vehicle. NHTSA does not have
the data needed to make a precise estimate of the number of vehicles that
would be affected. However, based on an examination of current symbol
categories, roughly 10-15 percent of all vehicles appear likely to
experience such a shift. It should be noted, however, that this shift is
essentially a temporary phenomenon. In discussion with the Insurance
Service Office (ISO), the organization that determines symbol rates for

much of the industry, NHTSA has confirmed that this effect would accur, but

that ultimately, competition in the insurance industry would result in
modified IS0 symbols that would reflect actual loss experience. Thus,
long-run changes in comprehensive and collision insurance rates would
reflect only increased insurance losses due to replacement costs for air
bags and higher book values associated with totalled vehicles. Since this
analysis examines the long-term effects of automatic restraints, no
estimate is provided for the short-term increases that will result in the

initial years of an automatic restraint rule.

In comments to the SNPRM, two insurers, GEICO and Kemper, agreed that air
bags would result in higher physical damage premiums, although quantitative

estimates were not supplied.
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a. Motor Vehicle Accident Losses - Collision and Property Damage Liability

Insurance

Both collision and property damage liability insurance policies will have
to absorb additional costs for replacing deployed air bags, for the value
air bags add to vehicles that are totalled, and for the added cost that
will result when some damaged vehicles are considered "totalled" instead of

repairable because of the added cost of replacing the air bag.

Replacement of deployed air bags: This cost is a function of both the

number of air bag deployments and the cost of actually replacing a deployed

air bag. The number of expected deployments is estimated as follows:

NASS data indicate that 2,300,000 passenger cars were involved in towawav
accidents in 1981 when there were roughly 105.8 million passenger cars in
use. Therefore 2.2 percent (2.3m/105.8m) of all passenger cars were

involved in a towaway accident.

Generally speaking, air bags are intended for deployment when the
longitudinal delta V (change in velocity) is 12 mph or greater. By
combining data from NCSS and NASS, it can be estimated that 24,7 percent of
all passenger car towaways experienced a frontal impact of this nature and
magnitude. This included accidents in which the primary impact force was
within 60 degrees of the centerline of the impacted vehicle. Table VII-4

illustrates the derivation of this number.
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TABLE VII-4

PERCENT OF TOWAWAY ACCIDENTS LIKELY TO DEPLOY AIR BAGS

NCSS NASS Cumulative
Cumulative Percent of Percent >z
Direction of Force Percent >=12 MPH x TJTowaway = 12 MPH
10 0'Clock 6.7 7.3 .49
1M 31.6 10.1 3.19
12 41.9 41,5 17.39
1 32.2 9.5 3.06
2 7.2 7.9 .57
24,70

Although air bags are generally intended to deploy at impacts equivalent to
a delta V of about 12 mph, experience with the current air bag fleet
indicates that a number of deployments occur at delta V's somewhat below 12
mph. There are several reasons why this might occur, including safety

margins built into the sensors to insure air bag deployment, other

characteristics of the sensor mechanism which limit its ability to
precisely measure passenger compartment delta V, and errors in reporting
accident characteristics. It is iikely that this last factor - reporting
érror - is responsible for a significant part of reported below 12 mph
deployments. The actual delta V is difficult to estimate after the fact of
an accident. The agency has developed techniques for inferring delta V
from structural deformation of the vehicles and other crash site evidence,

but the ability to do so within one or two miles per hour is certainly not

assured.

Both safety margins and limitations in senser mechanisms are factors that
will continue to affect real air bag deployment rates in any future vehicle
fleets. To the extent that errors in accident reporting understate actual

impact speeds, the previous estimates of deployment accidents could be
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understated so these errors would also effect any estimate of total
deployment. It is therefore appropriate to reflect these factors in

estimating future deployment rates.

An analvsis of NHTSA's computerized file of the air bag fleet experience
indicates that 34% of all air bag deployments occurred when reported

longitudinal delta V's were below 12 mph.

Based on current experience, the total number of air bag deployments that
would be expected after the entire vehicle fleet was equipped with air bags

{roughly 1998 is computed as follows:

135 miilion "total passenger car fleet in 1998} x .022 (percent of p.c.
fleet involved in towaway accidents) x .247 {(percent of p.c. towawavs with
frontal impact > = 12 mph delta V)/ .66 {(adjustment for below threshold

deplovments ) = 1,111,500 deplovments.

It should be emphasized that the adjustment for below threshold deployments
reflects the experience of air bag systems designed in the mid to late
1970's and installed only on larger, more expensive vehicles. It therefore
may not be representative of the type of performance that will occur on

future vehicle fleets. Specifically:

o The vehicles in future fleets will probably be much smaller than the
vehicles in the current sample fleet. Even today's fleet is on average,
much smaller than the typical air bag fleet car. This will require a

change in air bag svstem designs to reflect the need for faster bag
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inflation (due to shorter distance between the driver and the struck
object ) and to reflect the likelihood of the higher delta V's typically

experienced by smaller, lighter vehicles,

o The driving experience of owners of current air bag equipped vehicles is
probably not typical of the overall driving population. Since air bags
were only installed on the larger, more expensive vehicles the accident
experience of these vehicles should reflect the more cauticus driving
habits of the older more affluent population that typically purchases this
type of vehicle. Moreover, at least some owners of air bag equipped
vehicles chose to purchase the air bag and the voluntary purchase of a
vehicle with an air bag in itself implies an overall concern for safety on
the owner's part, which should be reflected in more conservative driving

habits.

The actual "below threshold" deployment of future air bag fleets is
uncertain, Generally, however,rthe more conservative driving habits of the
current fleet would imply that the overall number of low-speed deployments
should be less for the fleet as a whole than for the current air bag fleet.
Moreover, future sensor designs should, through experience and
technological advancement, be better able to accurately sense the more
serious accidents that require air bag deployment. The above estimate
based on current "below threshold" deployment experience might therefore be
considered an outside bound of actual deployment incidence in the late

1990's.



VII-23

A lower bound for deployment incidence can be computed by estimating that
in the future, sensors will still typically be set to go off at a level
somewhat below the 12 mph threshold in order to provide a safety margin for
deployment, but that quality control and improved design will eliminate
most unnecessary deployments. Assuming 10 mph as a reasonable safety

margin, the lower bound would be estimated as fallows:

135 m (vehicles) x .022 (towaway rate) x .342 (% of p.c. towaways

with fro