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Executive Summary

During the period 1988 through 1980, an estimaled 11.8 million vebicles sach yoear were
irvwobvad in police-reponied iraffic crashes. Approximately 88 parcent of thess were
awtomebiles, plohup fruoks, vans, and spofutiiity vehicles, colisctively refered o as
passenger veh:c;egy KMost of thase vehicles were not serdously damaged: iass than

30 percent of then were owed from the orash scane due io damage sustainad,
Approximataly 51,000 weare involved I falal crashes sach year

This report focuses giertion on oncupants of those passengsr vehicles that were towed
oy the crash scang. NHTSA's Mational Accident Sampling Bysten (NASSY
Crashwonhiness Data System (DY) collects detaliad information on lowsd passenger
wahichs orashes, smploying Wrained, professiongt aoniderd Investigation tgams. Tha indepth
data coliection, scianiific profocols, and profassionalism of those volvad make the
NASS/CDE databass g valuabia resourcs o many in the ralfie safely community,

MASS data are ussed by government, industry, and the wivale secior 1o pondudt rasearch,
entity injury palisms and 'nwhdmw;rzw, provide 2 basls tor reguiatory decisionmaking, and
provide a msans of evalugling the assecistion between ecCupart injury and various crash-
refated characieristios,

Some highlights of the repart includs:

= Passengar cars compdise the rgest ssgment (81 percent} of the passenger vahicles
found in the NASS/CDS, and hence, i police-reponted towaway crashes. in the repon,
cars ars reaied separalely from the remaining vehickes, which have besn grouped
iogether as fght trucks,

£

Decupancy patiermns for iowed crash-invelved cars and ight trucks were very siniian
atout two-thirds of the time, the only cooupsgnt of 8 towed orash-irvolved oar or light
iruck was the driver. A fronb-seat PASSLNGEY Was prasent iy the car o light truck abod
22 parcent of the tme, with passengers in the second and further seals about

12 paroent of the time,

]

e of e healih-oare consenuences of motor vehicle crashes is the burden on
emergency services, Aoyt 200,000 socupants of passenger vehicies wers hospilalized
gach year 25 a resull of police-reportsd traftic orashes. Another 835,000 m:cmpame wers
iransponed 10 g medical fasiity and released, and 240 000 ocoupants were trealed &
the seene of the orash

>

Cordact with the stesring assambly acoounted for aboul 10 percent of the mingy injuries
by about 19 pernent of the sovare (AID 44 injuries. A similar palizrm was observad for
contact with the inderior side surlace, comprising 8 percent of minoy injuries and aboul
15 parcerd of severe and graater injuries.

o

The porconiags of injuriss resuiting from contact with the instrument pansi decreased as
npary severlty increased; the same was trus for sontact with the windshisid,

Mational Accldent Sampling SystenvCrashwrihiness Dol Syslom 169881888 i



Exscutive Summary

« Approximately 13,000 injuriss 10 sooupants {mostly deivers) resulted from contacting an
airbag. Over 89 percent of these werg minor injuries, and there were no documanied
cases of injury beyand AlS 2 {(modarats).

« Aot 76 percent of vehicinsg that rolled over experianced loss of passenger
compariment idegrity, whils 8 percent of the frontally damaged cars in multinde-vehicia
erashes experienced such an event. For cars that expenenced damage o their side,
passsnger compartment tegrlty was compromised in 44 percent of the single-vehicia
and 38 percend of the mulliple-vehicle nvolvamants.

« Approximately § percent of the towed cars in crashes rolfed ovar, comparsd with
17 pement of the towad light trucks.,

« Aoul 10 peroent of car ocoupants in rollover orashes werg giecied; the remaining crash
types exhibited gaction rales i the range of 1 o 2 persent.

« When the data are weighted by the “harm,” or severily of the injury, eiecled nar
oooupants recebvad 54 parcent of the harm expernisnced in roflover crashes and about
360 peroert of the harm in other crash modes. This damonstrates the saverly of injury
assuciated with ocoupard election, both complete and partial,

vl Hatlonal Sccident Sampling SystenvOrashworthiness Data System 18881880



w Introduction

Background

Whe zmr Mational Accident Sa pimg Systern (NABS) was tirst designed and implemented
i 1978, i was anticipated thed duls from the MNASS would be usedd 1 suppost highway and
z'mf::m vty zc; safely programs across the boand,

Altar "we;‘:ﬂ'% vears of datg coliection, # was detemmingd that NASS data was Dest sulted for
mg g"zii i’yi’:m of Hght vehicie crash proteclion performance. B was also determingd that
Jyses could be enhanced,

arder io enhance MNASES a;,p,zm sty i addressing crashworthingss issues, the Malional
Cv mter for Siatistios and Anglysis (MCBAY o the Netivnal Highway Traffic Salety
Adrriniziration (MNHTSA) radesigned the MASS by dividing § inlo wo partsl 4
Crashwontiness Dats System (C08), and 3 Beneral Extimatas Systerm (GES) These
mew systems bogan operation in January 1588,

The MASSODE coliecls detalled information on approximately 7 000 crashas per year,
iveshving loht vehicles (passengsr cars, Hght trucks, and vans) under 10,000 pounds gross
vemcls weight rating {GVYWR) that had 1 be wwed tus 10 damage 8% 3 resull of the Crash
{owsd vehiclas”™

The MASS/GES ¢ ﬂ’y:iﬁ lese detalled indormation, based on & sample of about 45,0600

nodice-raported aific crashes of a8 ypas. Unike the CDE, the GES doss not investigale

orashes and Bs only source of information is the polics aciderd report, B does provide the

data neaded for ays\ess; menis of the state of and frands in modor vehicle and traffic safety.
Ar annogl report is publisbed each year that describes the datg avaliability from the

et ’aimmm and ihe Falg %v ﬁm.ffm Reporting System (FARE) The FARDS i3 g cansus of
all fatal orashes that oo the United Stales and Pueric Rivo.

{ibjective

The chiective of this report is 1o fustrats the avaliabilty, resolution, and applivabiity of
crash, vehic ie, pocapant, and casy ait‘y ghributes for the characlenzation of vehitle arash

profeciion paformance on WLES, roads during the years 1868 through 18340, based un the
MNAZS/G D‘% records for hose yews.

Yehicles Under Consideration

This repot addresses primartly lowed passengsr cars, ie'a mkdition, selected dala are
g‘zi’@,zvzii”fi tor plokedp rucks, vans, and multipurpose vehicles (MPVs), all under 10,000
pounds GVY ’F* PV inchude ipeps, rusk-based a?aaiwﬁ wagons, ulility vehicles, and othay
vare or trsked e«j oot vehickes under 10,000 pounds GYWR that are not cars, plokups,
0F YHIS, ?ﬁwww Hes, bicycles, horse-drawn carfiages, i¢., are not inchuded,

National Accident Sampling System/Crashworthiness Data Syslern 1888-18380 %



introduction

COE Estimales

Uniess othenwise noted, afl the CDS statistics preserted in this repord are estimates-—

nod exact counis—geneated from & sampls of crashes that ooourred in the S-yaar perind
from 1988 through 1980 Desoriptions of the C0E sampie design and the procedure usad
1 obtaln the data shown i the tables are cortained i Appendix B, Since the CD8 is 3
probability sample, the sampling error of svery ODE statistic can be estimaled. Approvimate
sampling srrors for the weighted average counts pver the 1288-1680 period are provided in
Appandix F

2 National Accldent Bampling System/Crashworthiness Data System 188841880



Perspective

::

A parspactive on orash-invobead vehicles s Sustrated In Figars 1, which shows annusl
ingidence averaged over the years 18881880,

The number of all vehicls body types involved In orashes sach year i the Uniled Slates is
abot 11,600,000, sbowt 87.7 parcent of thess are passenger oars and light trucks
{pickups, vans, and MPVs) Each of these body iypes is subdivided into {8) fowed vehicles,
involved in the most severe prashas, and () other

Tf*e wnwed vehigles shown in Figure 1 gre investigated In the RASS/CDSE, beoguss of

si inn the crashworthiness of vehicles wolvad In the nwore sevare crashes. Thase are
2%: ubect of the following anslvees and Bustrations, with emphasis on oars, During the
o ,;cé 1988-1890, the average number of rogistersd passengey vehicles was 188,731,484,
of which 122 514,738 {72.2 percent) ware passengsr oars and 47,218,718 272 parcent)
wers lighi trucks,

Igure
Crash-involved Yehicles In the Unitog Siates,
Average pev Year, 15881980

R e W Toend: £ 534006 (23.5%)
PapEy H

TG.7%, b Mos-towad: 5 REE 000

<

PIKUES, o Toed: 57T DO {75.0%
b Bonelowet: $23.000

TA00.000

o~ Towend: 192,500 (24 556}
b Ror-owed: 313,000

. Fowsd 55000

155 T
b M twad: 189,000

1,485 568
$$4%

Rote: W i B resaed by NASS/GER, only lowed cans,
Skps, vans, and V?is are adidressed by MASS/CDS.
Seuros: NASSODS and NASE/GES, 19681800,
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Yehicle Crash Data

Cay Bize

About 2,334,000 cars ars towed away rom the scene of iralfis crashes evary vesr, Table i
shows the distribulion of these cars by waight class. Passenger cars made up about

&1 percent of gt MASS/CDE {owsd vehicias; the remaining 19 percant were ight trucks and
vars {see Table 5.

Tabie 1
Crash-invaived Towed Carg by Welght Class, 19881850

2,268,363
1,874,241
2,438,342

188,607
&, 768,553

&

£
oo
o

oSN
O Y

et
&Ny

W 3

© ©

oy ANy o

HS A

b
&
w2
2

Examples of Welght Class:
Srnati—Ford Tempo, Marcury Trao
Mid-slza—Plymouth SBundanas, For
Large—Ford Taurus, Dodgs {} nashy

furn, Misean Sealrs, Honda Oivic
robs, Honda Prebuds, Toyoia Csilca
BMW 3 ger 23, Pontias \,zrand Prix.

Car Crash Modes gnd Areas of Damage

Tapie 2 and Figure 2 show the distribution of lowsd cars among the primary orash modas
andd areas of damage. Frontal damage i raonmiigver car orashas is he most frequend

crash type, accounting for about 58 parcent of all fowed nar crashes. Side damage and gl
oiher nonroliover crash typas account for 28 percert and § percant, respectively. Follover
car crashes acotunt for the remaining & percent,

These orash ffeqz. sncles o not reflect the Jdistribution of harmiul cutcomes o the car
creupants. Beoeause of higher severiles of putcome, cgdain orash hpes are associaiad
with higher pmpcmr ons of injury. For exampls, alihough roliover ooours in alout B porcent
of townd car crashes, ¥ is responsible for sbowl 18 persent of the en;grze& o car aooupanis
iy owed crashes. On the other hand, car crashes whh rear damage ancound for about

# parcent of the cases but are responsible for less than 4 percent of iha nhuries o
LRSS,

Mational Accldent Sampiing SystenvCragshworthiness Dala System 1988-18%0 5



Yehicle Crash Dala

Taklo 2

ﬁm&r:buism af mww Tar Cragh Modes and &mas of Ramage, 19881888

Totst

Weighied Aversge

Pargent  Count

Gliover

1-2 Quansy Tums
44 Dhiarter Tunsg
End Over B

Totei Roflover

wrrolicyer

Singls-Vehicls
Frantzd Damage
Side Damage

Rear, Top, o Under Damage

Total Single-Yehicls
Multiple-Vehinlg

Fromgal Damage

Side Damage

Hear Ramage

Top or Under Damage

Total Muliiple-Vehicle

Total Monsollover

wial Towsd Car Lrashes

Nots: Damage Ares “Unkrown” hias been imputed inte the known damage arasas,

87

S54
A3

13580

f/'-ﬂ
;/,ut.s

18,672

5,011,140
£,888 538
&,755,553

130,680

&
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Yehicls Crash Dalg

Figure 2
Distribution of Towed Car Crash Modes
and Arzas of Damage, 198581880

Rotiover

Jonroliover

Single-Vehicle

Fronda

ultipla-Yehicle

Fronta

Bige

Hegr

by

Fraguengy {(Paroent)

Mote: The "Other” category for single-vehicla crashes inchudes reay,
top, and under damage. For mulliple-vehisle crashes, “Othet” Includes
top arad under damags,

Source: NASS/ODE, 19881880,

Nationsl Accident Bampling System/Craghworthiness Data System 15881880 7



Yahicle Crash Dalg

Car Crash Severity

Crash severity (dalla-v in miles par howd for cars varies ganerally in the range from 110

50 mph. Table 3 shows the distribotion of towed cars by sevarity ar‘scﬁ areg of (fam’igt:, R

crash sevarty, in terms of deltav, can be defined for rollover orashes. Figurs 3 diustratas
the primary aspacts of this distribution,

Crgsh fraquency vises sharply 10 2 peak pcated between 11 and 20 mpdy, as shown in
Figure 3. This frequency rﬁmps sharply fellowing the peak; cumulative frequency beyond
4G mph s much less than 1 pereent. The same general paitem holds for all areas of
gamage in nonroliover crashes: frond, side, and rear

The lnustion of the frequency peak o sids mpacts precedes that for fronlal impadis. The
paak for rewr mpacts ooCurs sl a higher sevarity.

Gregt caution is recmnmended in the use and interpretation of crash severily data, 1or tvo
reasons: {8} the largs number of unknowns, and zb;i b Oimvg:: E‘i.’i Lciion in the :m;rz:;«er o
*%a i Ch 504 & 5 crash severnily increases. For “Unknowit areg of damags in Tabie 3,

crash severly was calouiated using the missing vehicle reconsiruction algorithm.

Taple 2
Distribution of Towed Cars v Urash Severlty (dellaw) and Ares of Damage:
Weighiad Average per Yaar, 19881880

frea of P
Domags | 1-10 m T30 miph

41 458

A
0%

o grins
[ XAy

1,074

ERe
1.3%

4,40% 7T ToBEST

A5 584 #9440

5t data row shows the
thae il number of vehicles for which
¥
K1

e and

soond ow shows the o
re known, For the 4 ’ni’m*fm wgmr
iz fc-f gach area of «:ﬁ e, Foy ths “Tolal” solumn, the s

b awmﬁ data row shows the
and datg row
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Yehicle Crash Daia

Figure 3
Distribution of Towed Car Crashes by Trash Soverlly
and Arga of Damage

SRR

2 ]
Frouency (Poroms)

Mote: Data teken brom Tabie 2 (permentage of the tolal numbsr of vehisles
for which crash severities were knawn},

Dus tn the sham dse of cutcome severily as orash savertly increasss, the distribution of
injuries to car cocupants s, orash saverly differs markedly from the distribution of tha
crash frequeney. Specificatly, the injury distribution rises 10 3 peal much faster, and drops
much more slowly thersaliar, than does the crash frequency distribution. For exampds, the
injury propartions {not shown} in the five orash severlly intervals used in Table 3 and Figurs
3 are 5 paroent, 37 percent, 30 percent, 18 percent, and 12 parcent for frontal mpacts,
comparsd with the cormasponding crash proporiions of 28 percend, 82 percent, 10 perzent,
2 pareent, and almost 0 percent. However, afthough # s tue that the Injury proportions
exceed the corrssponding orash proportions at high crash severities, i is also tiue that the
majority of the ijuries soowr gt severitlss under 3¢ mph. For example, In fondal inpacts 72
percant of the injuries to occupants ooour st severities under 30 mph; the cumulative injury
proportion under 30 mph is 86 percent and 81 parcent {or side and rear impacts,
ranpectively,

National Accident Sampling System/Crashworthiness Data System 18881980 g



VYehicle Crash Dala

Seating Position of Car Occupants

BEvary vear, approvimatsly 3.5 milion people are irvalved in crashes as oooupars of towed
cars. Tabie 4 shows ihe distribution of oocupant seating positions for towed cars from 1588
through 18840,

The distribution patter—about 55 percent drivers, 27 percent vight front passengers, and
13 pereent all other—is roughiy the same as for sl cars regardiess of arash involament.

Tabis 4
Lccupant Seating Positions in Towed Carg, 18881580

Weighied Average

st Parcant ot

Hivers 5.0 5, 7 858 8,274,008
ight Front Passengss 8,91 i1, : 164 214 749654
secand Seat Passengers 3,93 R P03 548 11.7 404,503
Uthaer Passengers : i1 g 1.2 42,122
T 3,450,283

1 MNational Accldent Sampling SvatemiCrashworthiness Dala Sysiem 19881980



Yehicle Crash Dals

rermaining 80.5 percen? ae cars.

Functional Class and Size of Light Trucks and Vans

At BER D00 Hght trucks, vang, and mulipumose vehicles (3PYs) under 16,000 pounds
gross vehicls weight rating are iowed away fromthe scene of highway crashes every year,
Table & shows the dishibution of these vahicles by functional oigss and size. Tha annual
weighted avarage for these vahicles is 19.8 percent of all NASE/CDS towed vehicles. The

Table 5
Slatribution of Towed Light Trucks, Yans, and MuBipurpose Yebicles

by Yehicle Class andg Size, 19881930

‘ehicle Category and Size

ompact Pokup
tandard Plchup
nknown Size Pickup

® Whinivan
Suandard Van
snown Size Van

184,212
173,029
18,079

-
R
R I
<0y
oo

"
N
o

1,808,768
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Yohicie Crash Dalg

Light Truck and VYan Crash Modes and Areas of Damage

Crash mode and area of damage distributions for fowed Hight trucks, vans, and MPYs
e qed i crashes ae generally similar o those oy lowed oars, except for roliover
crashes.
Tabie & shows the distribution of owed light trucks, vans, and MPYs among ihe
orash modes and arsas of damags.

sy

Tabis §
fHstribution of Towed Light Truck, Van, and MPY Crash Modes
angd Areas of Damags, 12881880

Thn eata of rollover for | vh“ tricks andd vans is thwee Ymes that for passenger cars,

Fotal

oo Total
1 Bample Bige  Percent  Count

Giover

-3 Quatter Turng 54 3.5 2576
4e Cuiartar Tums a4 80,880
Ened ver End 4,511

&
xed

BNy
- R
Py IR B

i~
(&4

Tetal Hollover

donraliower
Single-Vehicle

Frontal Damags

Sids Damage

Hiaar, Top, or Undsy Damags
Total Single-Yahicle

Multiple-Vehicls
Frontal Damage
Side Damage
Hear Damags

T o Under Damags
Total Multiple-Vahicle
Total Nonroliover

Totat Crashes : . 1,608,768
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Yehicle Crash Dala

Figure 4 shows ihe distribution of crash modes and greas of damage for towed Hoht trucks,
vans, and MPYs, comparsd with the distribution for towed cars for the vaars 1888 through
1954,

Most of the chservations for car crash freguencies and injury as a function of crash mods
and area of damege are alse valid for these vahicles. Rallover i the major sxception:
robiower crashes for dght trucks, vans, and MPVYs are both miore fraguent than car rollover
crashes (18 pereerd and & percant, espectively) and resull v a greaier propodion of
armiul oulcomes (o he vehicls occupants (38 porcent and 18 percend, raspectively). Tha
propostion of injuries (38 peroant) assockaied with solipver crashes is the average oy thiee
vehicls classes--pickups, vans, and MPYs, For thess thrae dasses the proporiion of
harmiul outoomes varies significantly: approximately 34 percent for plokups, 23 percerd for
vans, and 53 peroent for MPYs.

Figure 4
Bisiribution of Orash Modes and Arsas of Damage:
Comparison of Cars ve. Light Trucks, Yans, and MPvs,
19881950 '

Hollover

oo
Mavwotiover AT

Single-Yehivle

Light Truchs

Frontat
Birks
Other ¥

Mutipis-Yehidls

Frontat

Gide

ks 30
Fraguenoy [Percent)

Mots, The “Oihet” category for single-vehicls crashes includes rear
1

top and under darmage,
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Yehicle Crash Daln

Light Truck, Yan, and Mullipurpose Yehicle Crash Severity

Tabie 7 shows the distribution of lowed g truck, van, and MPY crashes by crash severity
{delta-v in miles per houn and area of damage. Most of the obsarvations madds for towed
oa orash frequencies and infuries to ocoupants 4 a function of crash severily are alse
valid for these vahicles; the same general patierns are obsarvaedd, Por example, the injury
proportions {nod shown} in the five crash severlly Intervals used in Table 7 are 8 pearcent,
35 peroerd, 32 percest, 13 percant, angd 15 parcent for frontal impacts, and the
corrasponding orash proportions are 28 pement, 58 percant, 10 percant, 3 peroent, and
about 1 percent.

A large majority of the injwrles {o ocoupants i tawed Hght truck, wan, and MPY crashes
occur al orash severiios undar 30 mph. For exampie, i frontal impacts 72 peroent of the
injuries ocour gt sevarities under 30 mph. The cumuiative Injary proporstion uader 30 mph s
81 percent and 88 percent ior side and rear impacts respeatively,

The commant mads in connection with car crash sevaritiss is aven mors important for
these vehicles: great caution iz recmimensied In the use and interpredation of crash severlly
data, for two reasens: {a) the largs number of unknowns, and (&) the sharp reduction of the
mrmbes of avaliable cases as orash sevarily noreases. For "Unknown” area of damage in
Taide 7, crash severlty was cafoulated using the ndssing vehinle reconstruntion gigorithm,

Table 7
Distribution of Towed Light Trucks, Yang, ang MPYs by Crash Sevarity {defla-)
ang Arss of Darmnags: Welghisd Average per Year, 1588-13%8

fiﬁéash;?‘;wv oy by Crash Severity?

110 mph | 1120 mph | 21:30 mph | 2 ph 140 mph] Unknown

c8 T
E«"‘i,‘u-«’l
e oayns
88.3%

14,583

Lnkrwn

Yeodal

*For gach ares of damage and known orash seveily, the first data ww shows numiber of
vohiclss, and the second row shows the percentags of the total number of vehicles Jor which orash
severition wars Koowit For the “Unknows® column, the second dala row shows the percentags of the
total v sach arsa of damage. For the “Total” column, the sscond data row shows the percentage of
the grand folsl
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Yehicle Crash Data

Seating Position of Light Truck, Yan, and MPY Ocoupants

Aoproximataly 818 000 peopls are invelved in crashes as ocoupants of towed ight frucks,
wars, and MPVs every yvear, Table 8 shows the distribution of oooupant seating posttions
for thess vehicias fromy 1888 through 1530

The distribution pattare—about 68 percent drivars, 23 peroard right front passengars, and
11 percant aff other—ds roughly the same as for all fight trucks, vang, and MPYs regardings
o crash bneolvement. B is also simiiar 10 the comesponding distribulion for towsd car
srashes {Table 44

_ Tabip 8
- Qocupant Seating Positions In Towsd Light Trucks, Vans, ang MPVs, 1888-1890

Totat

Tetal
- ¥ehiole Qooupanis Gemple Slze | Peroand Courd Paroant

65.8

ears 4
«

Fodl

19
o
fo)

3]
o3
-

? Drivars
Flight Front Paesengery

N
& £
=

<>

sound Saal Passengers

58

FXS I
<

400

ther Pussengers

& ooom Wo®
£2 00 W@
€ ~E T B

s
el
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. wocupant Injury Data

Crash-invoived Occupants by Injury Severity

Approximately 3,450,000 socupands are vobvad in towed car crashes every year, About
55 pevesnt of tham are uninjured, and 4% percert are Injured al various sevarity levels.

S miarly, about 818,000 sccupards are involvad In tewed Bght truck, van, and MPY crashes
oy yaar, with about 41 percent injured and 59 percent uninjurad.

"{‘_’{

Given that each injured cocupant usually has more than ong injury, the severity of the
oocupant’s most harmiul iy s used o characierize the seriousness of the injurias
resiuiting from the crash, The Abbreviated injury Scals (AISY is used io compare injury
severiies, gs olows:

>

Severlty of injury

Mot injured

Knoer

fModersie

Berinus

Zavere

Critical

fAadmum

irfured, Severity Unknown

3O NS LGRS e

The AIS scale reflects primarlly the threat 1o e ap;:;rmamai@ig 130 parcent for AlS=8;
about 50 percent for AlS=5; about 10 percent for AlS=4; declining rapidly to § percent for
A1S=1. However, the scale s alsn used (o reffect the gravity of conseguences or survivors.

The distribution of Injury saveriiss for injured erash-invelved ocoupants is shown in Table 8
fur cars and i Table 10 for ignt recks, vans, and MPVs, The two distisutions are
comparsd in Figure 5, where B s svident that there are no major differsnces at any ghvan
fevel of injury severity.

Mationgl Accident Sampling Svstem/Crashworthiness Dats System 18884888 17



Oroupant injury Data

Tobie 2
{Hetribetion of Crash-lrvolved
Lar Doecupants by Maximur injury Ssverihn
Weighied ,&vemge per opr, 1388-19%0

yi‘s&sxzmum 415 Fating

L AN
o &

Mot Imjured (D) ,f»ie,:bﬁ
Rinor (1) 1,461,388
Maoderata (2 G854
Sgrivus {3} 54,968
Savers {4} 14,080

Sl 1]

o

b

fant =1
GO0 W W » sl

&
N

Crithoal {5) 7,85
Maxbmum {8} 3,588

[

Toiadl, Known Severily 2,188,420

263,862
Total 3,458,263

Table 10
Sistribution of Crashr-involved
Light Truck, Yan, and 8PV Gocupanis
by Biasimurm Injury Severity:
Weaighied Averags por Yeor, 12881880

Parpent

a0
Fo Ry

&
B Lr o
n

Mot njured (0

BN o 3
L3
[

LR R S I U

o @ g &

Binor (1)

&

WModerate (2}

G
b
O o

DI o~ B

-

B Fe
2 W

L3 OW O

N
)

<
L @

PO S

Maxirmum (8}

o
&
By o~

Total, Known Severdity 758,308

injurad, ”£ arity Unknown {7)
or Wnknown § inured 47,454

Totul 415,758

i8
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Goocupant infury Data

Figure §
Dsiripution of Orash-invoived Oocupant injuries
by Maximaan Inhey Severity:
Carg vs. Light Trucks, Vans, and BPYs, 1988-1880

Parcert of Docupant
1]

G B Lighd Treck Ve

e :

et Minor  woderale Serdous  Severs  Orcd Maxinuan

H {7 2 {4 {5 5]
Mudimum AIS Faling
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Ceoupant Injury Data

Vze of Manual Hesirainis

Despite the recent implameniation of gutomadic cocupant restrainis, the crash experiencs
for 1988 twough 1950, urder consideration hers, v associnled primarily wiih the use of
mangiad belts, The annual distnbution of iniures o crash-invelved car ocoupants oy
maxkinuny injury severfly and marnual bell use s shown in Table 11, A shvdlar joing
distribution Is shown 0 Talds 12 for orash-invoived ight tuck, van, angd MPY occupants,

Tabie 14
Sigtribution of Crash-involved Car Oooupanis by Safety Balt Use

and Maxbmum inhiy Soverity: Welghisg Average por Year, 1888-1880

Fraspusncy of liury by Maximum A15 Rating”

frjuvesed,

Sevstily
i ko {73,
Manus S Surious Drities! {Raximum] of Unknown
Beolt Use 0y by 3 e 3] H injured

o 34,7738 B35 10,76 33,458
; : 83.0%

osdiider Dl
2y Beit

Shaovider and

2
4%
2,558

Yol RS ¢ 54,5067 B 667 285 25

Belt Uged 87.7% 58. 7% {5.4% $A0% 33.0%  28.9%

Total Known 1580802 RN SR 148 viB2n TBAE \ 8,185 3,153,138
& R Q4.7 HEI% 35, 5% TG $1.4%
H 17 297 6%

B h Fled
3% 2.

PRI 72,525 34,075 488 2040 33141 Z
Y2 R B e TN 25, 4 14,658 3542 Petis 281,448
55.3% 33.5% KR 1.5% $.3% £.8% % 8.2%

“For each known belt uss calegury,
percamage o e Total Known,” Fos
sgriner of infuries and the secont row shows the percentage o Tie cohang Wtel For he column 1oials, the liest row
shows the number of njuiiss and the sgoond row shows the percendags of he niad numier of injudes.

n® and “Unknown” belt use calegor the first row shows the

e
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Orrupant injury Data

¥ iz evident in both lables that bell use In ong form or another 5 aporoximately 50 parcent.
Howsver, this figure b considered 1o e an overestimate by comparison with belt use rates
ohsarved by MHTSA Iy independent surveys of the moloring public. In 1880, driver shoulder
el une wan found 10 be 48.0 percent and rghl frond passengey shoulder belt use was 43.3
peroent in the 18-Ciligs Shudy.

Tabde 12
Bistribution of Crash-involved Light Truek, Yan, and 8PY Coougants
by Satety Ball Use and Madmum infury Severily:
Welghtod Average per Year, 185881530

5 Falings

TIBETE  BYABA  GBA1E 2348

203 v AR e s ey
50.0%, RS ;or. T5.8%

Shoutar Bell 1] 153

At Lis

Type Unknown

At Wi

18R , 418,758
B BE REE pRr Ry

& row shows the nurder of juries and he second row shows the
percentags of he “Toled Kaown.” For the Ronown® and “Urknown” bell usa categones, the first row shows the
mivher of inunas and the second sow shows the peroantage of he colfumn total, For e colurmn folads, Sie o row
shows the surder of fires and Bw second row shows the parceniage of the il number of njures
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Geoupant injury Data

Effect of Belt Uss on injury Risk

i i svidert from Tables 11 and 12 thatl salety bell use raduces the risk of injury, sspenially
serious inkay. This is Bustraled in Pigurs 6 for orashednvobred car oooupants. in this figure,
AlS ratings 3 4, 5, and § have been grouped togeiher as “Serous-Madmunny” in order (o
deal with the small sample sizes at these high seventias, As ssen in Figurs 8, the risk of
nbury {axpressed in injured peopde par 100 orash-volved oar oooupants) for oooupants
using restralns s lower than that for uiwestrained conupants. Moraovey, this advaniage
appears 10 increass as the injury severily iIncreases.

A word of caution is necessary when inteipreting the much fower nisk associated with
restraingd varsus unrestrained oooupants gt nigh injury severities. it is fkely that rastrained
sooupants, who usuatly have g higher awareness of salety than the urvestrained, arg alsoe
the oooupans who usually avoid crashes of high severities. Thus, the advantage of
restrained oocupands may be in pad dus to the fact that such oooupards arg sxposed i
lower crash saverBiiss, in addBion 1o the orgsh protection provided by the reslraints,

Figurg
infury Rates for Urash-invobved Oar Dooupanis
by Maximun infury Severlty
as g Function of Hastraing Use

_ RBate per 100 Grash-invelved Goeupants

Linragirsinsd

Pestraingd

B dnjured Minar doderae ious-bdarhniim
o {1} 2 (95
haximurm AlS Ratlng
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Dooupant njury Dats

injury Severity and Dulcome

Az discussed above {sen Table €0, not al orash deaths gre associgled with untragtable
nfuries {AlS=8) %ﬁw the ;;mi'z iy of death zz*cm&% sharply with mguw seversy, and
many intalities uccur as @ resull of one or more injuries that are generally considersd
survivabie, Srash injury oair’mwsm*at:%é“ ,m*{}'iadmizon, naadad emergancy medical
A4, first aid weaiment, and no trealment neaded—are ganerally a fwnction of the sevedly
fan oooupant’s most severs injury, plus other factors, such as the number, severity, and
vie of adoitions! injuries; the porsoms age and ovarald hoalthy sxtrication e, slo.

g {:} T3 &R

The primary detorminand of an outooms s the madm injury severity. Tabie 13 shows the
distribution of iniures o crash-dnvobed oar oocupants acoonding to the AIS values of
madnein Iy severly and the pertinent sulcomes of maximum injury severities, Falals
with AlS=1 are the reeult of m(}ﬂ'z;: tete medical informatinn by witich 0 code the date and
ihersiors have boeen axciuded from the iables. A gimiler distribution is shown in Table 14 for
crashriiwolved Bohd truck van, and MPY ocoupanis.

Tabde 1%
Distribaation of Drashediwobend Car Ooupards by Tresiment
argd Mawimurn infury Severity: Welghlted Averags ner Yaar, 1988-1880

iruarad,

SGaeerity
1] Unknows {73,

iriured Minor  (Moderats] Sert aegre | Lvsiost D 8aximure ] o Uaknown
{3} {1} {23 3 £ 5} 5y 3 frefuaygst

$BET BT BEG415 1E4YY b 4,747
TEEY 18.4% PR . X

8, EH PAEE82 11,883
14.4% 2% 5
o
&3

4

6347 BRATZ 110,308
h

! 78.1% 4R

K Y".

3,994,245 20 M\,v 54,238 LAY 8,558 ‘3‘5’58

:Ei’.ﬂ 5?,'2, I

“For gach weannent tategory, the st dita o Hie rasrnihey of 4
of the row Iotal For the “Totel colunmwy, the sacond dala row shows s parcentans of the grand tolad.

Maotiongl Accident Sanpling System/Crashworthiness Dot Syslom 19881880 23



Qooupant injury Dala

Tabis 14
Gistribution of Crashinvoived Light Truck, Yan, snd BPY Gooupanis
by Trogiment and Maxdmum injury Soverfiy:
Welghtod Average per Year, 1988-1380

U Freguency of Infury by Meximen A Rating®

g injurad
1]

;.;ng i s

Minor

{1

fiaderate
%3

Beriouy 56y

3y

tnjured,
- Rueerity

423,888
81.0%

11,478

22.4%;

i

3,553

1019

445 585
84, 7%

84,018
16.4%

247 598
36.4%

5198

105

2082

£4%

25048
15.8%

15,758¢
32.8%

%
1RES

3008

} 5%

14,248

28.3%

828
18.6%

ows ha aumber of biries and the second yow shaws the p
5i the row iotal. For the “Total” columin, the sevond data row shows the parcontags of the grand olal,
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Gooupant injury Uatg

showr in Tabls 14

o A s
00080, 0800

The armual incidencs of crash-involved car ooccuparts as 3 function of maximum injury
severily and injury cutcoms s shown in Figure 7. This figure Hlustrales how injury cutcome
progresses frem “Mo Tregtment” to “Falality,” as the memsdmurm injury severlly inoreases
from “Mone” 1o "Untreaiabis” (Fateh. Simdlar comments apply for light truck scoupants, 23

Figure 7

annust inclidsnee of Injured Crash-ivvolved
Car Gooupants by Maxdmum injury Severlty

and Treatment

Mumber of Srash-nvoived Dar Ooeupants

- o

wred Mingr  Modesraie Serious  Severs

{1} e £33 # 7 i}
fakirmman AIS Rating

Chasome

7 Treated s R Transpotied
| Helases i Fsigavsd
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Soeupant injury Dals

Body Regiong injured in Highway Crashes

There are aboul 1,780,000 carg towed gway from highway orashes avery year. The
incidence of crash-involved cocupants in these cars is about 3480000 par yvear. O thess,
apout 1,700,000 nar oocunants por year ey iniured, incurdng about 4,300,000 njurias of
various severities, n various body regions, and by varioug injeing contadts,

Table 15 shows the distibution of all injunies ncurred by injured occupants of crash-
involved cars (a3 opposad 1o the most severs iniunes, reported in Tables 814 a5 g
function of injury severily and injurad body region. Table 18 shows the same distribution for
infured oocupants of fight Jrucks, vans, and MPVs.

Taple 15
Gistribution of Al Irduries 1o Cragh-involved Car Oooupanis
by Body Region and Severily: Wealghted Average per Yoar, 1888-1390

Freguancy of injury by A8 Rating®

Unknown

Heand {Baind G795 BAED 5 48 T L2 712
35 9%, G850 A% 3% 5. 045
1A% 24 6% R 37 B% 7 1.4%

Head {Shull) 7 £ 5 tals §,291 4] } 148 12ETR
£ 3% 3350 827 % 5% 1.2

o e,
V.aYa

17,747 34,338
48.3%
25.7%

FO75 0 TYTENS
EES
4 5%

bees 3 78 285051
.1% 2 4

9,508 Z 528 134,622
%.3% 4 i
Snhoulder and Back 151,708 28678 t 86 & JE 156,258

774% 18.7% Rt -

“Far aack body ragion, the firs! dala row shows the pumber of injuries, the ssoand sow shows i peroentags
of the row woial, and the third row shows the parcentags of the ol sl
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Zccupant njury Dalg

Tabis 15 {Contined}
Distribution of Al Injuries to Crash-diwolved Car Oooupants
by Body Region and Saverily: Waighted Average per Year, 1988-1880

Freguenvy of Injury by A% Rating®

Linknown

batomen 5,413 13, P : Z,356
14 5% 4% 12.8% 5% 4.2%
D7 2 &.1% £ 21.4%

10 ; i 3 874
8 .48% - 28.8% E 32.8%
4 77%

bpper Exirgmiiss 46830 35008 556 x 2
48 0% 35.0% i -

1.8 918% 3% -
3,304

$.4%

BT
$.1%

ower Extramites 35,187 3,818 26,188
31.9% e L8
£ 9% 5 22.5%

52

15.8%

*Eor pach body region, the first data row shows the nurshay of injuries, the second row shows e percantage of
thiz row 10ked, and thie Wl row shows e perrentage of e oohann totel,
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eoupant injury Dels

Tatsie 18
Distribution of Al Injuries {0 Crash-invobved Light Yruck,
Yan, gnd MPY Qcoupants by Body Baoglon and Severity:
Welghiod Average pey Year, 188819584

Hasd {Reaind 22078 20404 S5 1633
£4.5% AL g 3.4%%
5% G VA 32 6%

Hoad (Sl { BEE DG 23
g EREA

4 A%

Huad (Other} g3 44 1 43
$.4%%

0.8%

3

¢

A
s

57
Q%

1.8%

Chiast TLERE 5935 7464 20407
2 1BAY% E55% 7%
S7%  2RT%  037%

45 655 g 5%
F0E%: 17.5%
5 2% 1.4%

“For gach bady agion, the st data row shows the number of injides, the second row shows the peroeniags
ol the v Wtal, and he thisd mw shows the peroantage of th coluny tolal,
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Docupant injury Data

Table 15 {Dontinued)
pistripuiion of Al njuties to Crash-involved Light Truck, Yan,
s MPY OQuoupants by Body Heglon and Severity:

Waeighted Average per Year, 12881820

5 AT
ERIEYS

Uppay Extrumities

45.0%
3.4%

304572

iy ey
itEs 1,821

Y OEE

2897

*Eor sach body region, the st data row shows the aumber of Injusles, e senand v shows he parreniage of

fhe rosy 194, and the sl o shows e perceniags of the vlunn wial

2

G
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Coeupant injury Data

i is apperent from Tables 15 and 16 thal the body regions most frequently affected &y
injuries of all severities are markedly diffarent from those most fequenily alfectad by
injuries of high severities {e.g., oitical (AIS=8)). This is Hustrated in Figure 8, whers two
distributions are shown: one for all severitiss and one for oritical severities, sach adding up
0 100 parcent,

ftis svidert in this figure that body ragions auch as lowsr exiremities, face, upper
axtremities, and neck are injured with 2 high frequency In general, but do not ooour at af at
critical severities. Converssly, ether body reglons, such as the brain, chest, and abdomen
are injured frequently at high severities, but do not oocur significardly when all severitios ars
considared,

' Figure 8
: Distribution of Injuries 1o Crash-nvobead Car Socupants
: by Affectsd Body Reglon and Severlty of infy

Body Region injured

HWead (Bai BEK
Head (Sxf & : X s severiting

Hesd (Dt} NN

Faow

Neck

Chest

Snpuider and Sack

Sbdinen

Lippet Exirseniis

™

Lasyer £t

S

& Ctheig

§ ; ; : ¥
A4 3B 8¢ 5D
Pascant of Car Qooupant injur
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&
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Secupsant injury Date

injury Contacls

iy acddiion to deta on inred body regions, orash protection pracitionars nead data
soncarring the various sources of injury {injuring contacts), A surmwnary of injury contacis
by infunies 1o orash-invalved cosupants is prasenied in Table 17 for cars and in Talds 18
for Hoht rucks, vans, and MPYs, Table 17 shows the distribution of a8 orash-inviived car
oonupant npries a3 a funclion of injury severlly and injuring contact. Table 18 shows the
sarme disidbution for fight ok socupants.

Table 17
Distribution of Al Inuries 1 Cragheinvobeed Car Oooupants
by Injury Dontact and Severily: Weighted Average per Yoar, 19881980

ey by AIE Rating®

s
&

Seering Assembly 408,800 BRAEY
B4 2% L%

1189 125%

nsteinent Paned 575845 41,281
G231 &.5%

15.5% $3.7%

Wingiahisid 320178 42278
#5.3% 5 G%

1450, 5% 1.0%

222,438 44,322

745 34 5%

G 0% 43,55

4 847 2,008
5% DA%
18.9% 18.7%

1485 1025
G.5% 8%
£3% £.5%
562 55
G.2% 5.3%
3.7% } 2%
4,885 1305
t 5% 4%
1E.8% 14.0%
45,708 12472 1130
57 4% 180 3% 2.7 % $.7%

5 e 2 Aoy
V2 A 5%

pey
S W

ek ool

s

& I m
s

pe

ooy M2
un
AN

e o

he
W

Ny
w
&R E

<

Hastaint {Ball LHE.SY 15,474
System 5 6% £ 5,

Chikd Seat

44,483
$2.928 RET 45T 148
e
§4 960
16.6%
3.1%

“For sach injsring sontast, the st dala row shuws i
pormanigs o e row il and e hicd ow ahws i
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Qeoupant Infury Dala

Taple 17 (Continued)
Distribution of All infuries to Crash-involved Car Deoupants
by Infury Contact antt Severity: Weighted Avarage per Year, 1988-1950

£k gny’:s&f Eﬁgwy oy AIS Reling®

Urkmown

56
2.3%

don-Contact

e

@ in Vehicke

2637
55%
2.4%

8
R
uwr

s
0w B Uk
b

[ P
S

s L8 MY

b
o

Ligrtor (DRher
Jehicie ar Extedor
Hiect

o T Ry
]

g
A

de and Fear

-t

o

o DY
(< &g &

o

§ Others

[

fnw 721718
go.0%
1%.5%

3,597,779 29,599

*For eack injuring contact, the st data row shows the pumber of infurian, Mg second row shows e
garcentage of the row total, and the hisd row shows the poroantage of s columy ot
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Oooupant injury Data

Tabis 18
mstribution of A5 Injutios 1o Crash-invobesd Light Trugk, Yan,
ang BPY Deoupanis by Injury CSontact and Severity:
Wednhted Averags par Yoar, 19881980

2 Tz o Urdnows

%448 3 L3l X A28 {i5AN8
9% P 1% 0.4% D 4% 03,6
$3.7% 337 1A% EBS% 4.3%
siesment Pansd 33,254 145 8,001 : s g 4G5 154,734
& Q% ; 4.4% - 5%,
1855 2.1 TA% 4 5%
Windahialt 0,870 178 8§74 287 372 #9 B 102542
. D.5% 0% 4% 8%
4% 3 3% 2.7% 5% 12.8% 787
i Bide Surface 48.37C S 1,354 2o 4% 83 53,548
RESY%  10.8% 255 4% 8.1% 02%
53% . £ 0% 545 1 6% . i1 6%
% B85 B AG0 2 14% { 17¢ 14,3589
FEAL A 145 4.80% % 1.2% - 1.5%
55% i

7%
astraing {fal) 37,2 2 B5E 3 ks i Zan 41,081
. ; -
: : -

£
System %

8.7%
2.7%
biid Seat 5 : o6 ; ; ; 1,728

1,358
25,618

27,042

*For gach ijuring contact, the st 4
priceniag: of $e ow oiad, and the

ain row shows he manber of infures, Ine seannd row shows the
thirid row shows the perosntage of e column ial,
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Seoupant Injury Dala

Tahie 18 {Continuad)
Distribution of Al njuries to Crash-involved Light Truck, Van,
and MPY Occupanis by Injury Contact ang Severity:
Weighted Average por Year, 18881990

Fragueney of mzmg by &S Rating*

infury Dontact oy 3 Unlnown

14,55
GR.7%
1.8%
Man-Contant TG, 408
tejunas 88.1%
2.1 %,
Fige in Yehicle =8 ta 44
8.4% A%, RRE R 12855
b . L2 - \i»‘.‘:lo/o
245
06%
8.5%
841
4.5%

2.3%

7%

Crround 28,804
75.3%
2.3%

-
as o F
Fed

o

Exteri 2,834
{Dccupant's 57.5%
Vehicie) 3%
Exteror {Cthey 5835

YVahicke or Exteriar E8.€% 1.5%
Qbject 3% 2.5%,

Side and Reay 38,458 3,828 3 : 212
Ziasing B8.6% B&% A% 3.4% 3.8%
4.2% 8.7 2. TA%

At Others AnESE 4576 577 2 1060
85 3% 12.2% B . 3.83%
BE% 48% A% o 3.5%

gagas SYF4A80 25,134 R 2 T30 & 262,541
g2.8% 1% 37% 3.5 £2.3% 2%

24.8% T2 £%.8Y 27 5% 25.2%

75,989 IO2TS 104,974

-3
L A

s

O g
&
A%

o
L3
R

—

~d 4
O NF

“Far eack infuring contact, the first data row shows the numbey of injuries, the second row shows e
prrcentags of hia row iotal, and the thitd row shows he percentage of Bie ooliom iRl
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Cocupant Injury Data

i is evident ram Tables 17 and 18 that the most frequent injury contacts for injuries of all
coverties are not necessarily the same as those that are most frequently frrvoived i oritical
inkrfes. This is Hustrated in Figure 8, where Iwo disiributions are showny ong for all
severiies and one for ortical severities, each adding up 1o 100 parcent.

A5 can be seen in this figure, the windshigld a8 an injury coract bas a high frequency in
generat bul 3 low freguency for oritical injuries. The converse is obserded for the pillars,
and soof.

A large disparity between all severities and oriticat severities is glso ebserved for other
injuring sortacts. included in Figure § under "Uther” are axtarior comacts {e.g., the ground
when occupants are glecied from the orash-invobvad vehicle), which gengrate & significant
iraction of oritical injuries.

Figure 8
DHstribution of Injuries 1o Crashdinvoived Car Occupants
by injury Contact and Severlty of infury

imury Contatt

tewstrument Parel
Senecing Assesnbly
Windshield

MNF-CORRAt et

inperior Sy
Pestiaird Bystem
e fark

B A Sevariios
B ormest

Sicke/Floss Tlazing

Pilisre

Bygung

Heurd Pestaing
Zaerins {Othes)
L% et

g 15 18 2G
Percont of Gar Cocupant ing
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Vehicle Damage Data

Loss of Passenger Compariment integrity in Towed Cars

nss of passenger compartinent inlegrily means thal a erpsheincduced opening {hat was
mmuuf*%y dosed) has ooourred o the passenger compariment of suftivient zize 1 allow &
pooupaid i have baen sledted mmp%eie by o partinlly during the crash sequencs. intg ;»é?i'”
gy b lost twough componants such as the windsiekt, doos, windows, rodf taioh, and
cosnipinations thergol

Table 19 gives estimates of the number of towsd car D yaar {rzaﬁr}r e averags for the

yaars 19885 wegh 1950} that expadenced & los of passangsr companiment integfly, as a
function of opering and orash type. Loss of m‘zeg siv iz cugh gt feast ong of the openings
shown amounts 1o 25 percent of crash-invobiad cars, respeciive of erash type e for af

e g ¥ e
grash tvpest

The frecguency of sucurrence of nss of wiagrty I grash-invobved oare by crash ypg 5 as
foliws:

« 76 parcent for wllovers

17 percant for nonrailover single-vehicls frontal orashes
44 percar for nonroliover single-vehinle side crashas

# percent for nonroliover imulipis-vehicle fronial crashes
39 percent for nonreliover muliple-vehicls side © rasies
28 parcent for norgoliover multiple-vebis reas orashes,

*

E

>

<

H
X3

oo that the ermire 1988-1590 sample of cases svaliable for this analysis is about 5,400
erash-involvad cars.
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Yehicle Damage Data

Tabie 18
Loss of Passenger Compartimsnt integrity In Crash-dnwvolved Cars:
Weighted Average of Nationally Welghted Counts, 19881930

Loss of I

ridshiaid Uoors § Boof Hate

£77¢ 753 A2, 75 47 688 117,447
5.8% g 5% AR 400.5%
onyoiioyer
Single-Vehicle
Frontal Darmags 178,582 5,144 &% 36 12,764
B2 4% 5% LY 3% 5 4%
42,887 3% 6y 74 55 14,174
56.3% 2 e 3.6% 5.9%
4576 ¢ 3,27 2013
48.4%, 3.2% 20.4%%
Otner and 46,253 2 o0 % B3 3,521
Linknown 8Y8% 379 3.2% 2% A 75%
fiultiple-Vehiclke
Fronial Darmsge  $59,340 4% 3,317 SRV 11,581
51.9% 74 £.5% B% 20%
Side Damage 242,774 2% 104,35¢ 38,518
30.8% AR A T A 25 8% 9.4%

fear Damage 96,721 { ¥ 7& 23210 11,513

FR2Y 3% 5% 17.3% £.5%
Other ang 118,552 : £t; 13,444 1848
Unknown 8B.2% 02 0. HG% % 4%

atsf 1,317,884 2 A 238,41 145,888
a

75,5% ; : 7 3%

“For each cresh typs, the SRt dals row shows the number
the perceniage of e row otal

3 Mational Accldent Sampling SystemCrashworthiness Data Sysiem 1988-1590




Yehicle Damage Dala

intrusion into the Passenger Compariment of Crash-involved Cars

Passenger comparntmant infrusion o crash-involvad motor vehicies results when the internal
neundary surface of the passenget compaitiment is moved inward as the result of diract or
indiract crash iomes applied 1o the vehicle exlerinr. The characierization of intrusion is
Highty complex, as i requirss desoriptions of sevaral aitrinutes on & pervehicle basls,
incduding:

» member and type of intruding component{s}
- focationis) of intrusion{s}

- magniuded(s) of intrusion(s}

- divantiordsy of intrusion(s)

Thi poriion of crash-invoived lowed cars sxperiencing at isast one intrusion of any
commpenernt, looation, magnituds, or direction and in gny crash mods and any area of
damage 15 aboul 17 persent. However, this pertion is sensitive to the orash mode, area o
darmage, and itnsien magnitude, as shown in Figure 10, 1 is algo sensitive 10 the intruding
compponent, as shown in Figure 11

% is evident from Figure 10 that car roflover and side bmpacts ang assuciated with a nigh
wequenoy of intrusion, whareas tha fawest itrusions oocur it Gontal oollisions, espaciaily n
mltiple-vehicle car crashes.

Figure 10
pPercontage of Towed Cars
Wih at Least One Passenger Oompariment intrusion
by Crash Mode and Area of Damage

Mo niowes
Single-Yehide
Fromst

e

Multiple-Yehicie

S A siagnitudes

; T2 Oven € inehes

Al Crash Modes

Z0 443 ] 80
Frequency (Percent)
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Yehicle Damage Data

As shown in Figure 11, the number of potentiagl intreding cOmponanis is large. It bacomes
aven targer when iise focation of intrusion is specifiad for large components. For BREINDS
the root is & large surface subjent 1o disting and lncalized Infrusions of + diffarent magmm 25
andt directions. The NASS/CDS records specify six locations for roct ntrusion: ditver,
middie, and passenger side in the frord of rear of the roof; sach of these six Ipoatinns i
subsct i infrusion of various magnitudes in the fo Bowing ranges: up 0 3 inches, 3w 8
inches, £ 12 inches, 12 1o 18 inches, 18 10 24 inches, and over 24 inches. In addition o
eoation and =mgr§zim ihe divestion of nrusion—vertical, lateral, or jongiudinat-—can be
distinguished for most componenis,

Flgure 14
Percentage of Towsd Cars With at Least One intrusion
of More Than § Inches by intruding Componen

Intruding Somponen

Bigering Assembly
Instr, Pansi, Lef
netr. Panet, Center
gl Pansl, Bight

Tos

B-Fiitar
C-Pillar

Do Panet

Shde Panet

Boof

o0f Bide Fal
Windshisld
Windshisid Haader
Wirlow Frame
Flowr Pan

Front Seat Back
Sacend Seat Back
Sagt Cushion
Baok Pans

oty

15 248 2B 38 35 490

Freousnoy {Peroent)

40 National Accldent Sampling Systeny/Crashworthiness Dats Systom 19881580



Vehicle Damage Data

Tabie 20

Mumber of Towed Qars With at Least One Infrusion of 8 inches or More
by Intruding Component, Crash Type, and Arer of Ramage:
Weighted Average of Nationally Welghted Counts per Yosr, 1988-1880

Table 20 shows detaiisd data for intruding components in fowed cars. The data shown in
sha tanie ars estirates of the number of 1owed cars per year {(nationwide average for the
year 1988 through 1280) that gxperienced passenger compariment ftrusions of at least

& inches, by intruding componard, orash type, and gres of damage.

Rawy

Bigenng
sHnbly

aetrurnent
Panat, Lait

ngtrament
Panel, Centay

instrument
Pansi, Bight
Tog Pan
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B-Pilar

Ce-ritlar
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Of &8

15.8%

1987
18.2%
1,818
28.3%

2968
LR

B 555
28.7%

3887

75%

$5

DA%

18
§.2%

18

S,
&

%

52,868
PR

%857
43.8%

64
4.9%

§1,164

YR

7 84%
To8%

1,544 $,8 2508
3.4% 3 A% 5.8%

978
27%

15004
4.1%

5%
1.2%

&

3.8%

58
G.8%

ch intruding component, the fiesl dalp row shows W number of owed s with al beast one intrusion of
B inches o mars and e Second tow shows Hin perdentage of the row il For the row total {'A {irash Modes”
coiunw), e second mw shows the percentage of the grand toial,
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Yahicle Damage Data

Tabie 20 {Continued
dumber of Towed Cars With ot Least Ons Intrusion of § inches or More
by Intuding Component, Crash Type, and Area of Damage:
Weighted Average of Mationally Weightsd Cournts per Year, 1988148580

wereeennes,

- Nomsoliover, Sing

: ¥
Unknown

TA3r S
1,083

H8% . 27

645 1818
3.5% . 56.8%

328 e 8,346
1.9% 1E0% AV

Backight 52 77 75 & 254 g6
S.4%, 50%  UA%  18.9%

4,26 3056 7 476 3.4 15,28
Saat Back 10.5% 7 8% 5% 1 8% . 37.7%

2082 5 B 15 4 38 peres A818
TG 2.5 Ko 7 9% .55 5.8% REO%

FEaE

£9.6%

9,284
54.3%

ther Interio P28 7 S5y 3 #1318
Soragonanis $ 6575 3.2% 2% LA RS ER0%

g Side Paneg

Hang

-

nasics Vehicle
Componants

xierior
SpOnEnis
Oy Listad A%, 3% - ; 5% 3.1%

248,905 134,258

For each intrudding componant, the first dala row shows the nunber of lowed care With af least one invusion
inhas of moere and the seoond mw shows the perse iage of the row Wisl For the sow tolad {*Al Orash Modes®
5o e sstond oW shows the percentags of the grand luial,
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Vehicle Damage Usla

Boor Fallure In Crash-involved Towsd Cars

Crepupant protection during and after 2 Lrash ix enhanced when (he valicle dows remain
clsed and opsrational during the orash sequence, Thare ae swis distingt threats 1o this
dasirable outcoms: donr opening and jamned dowr. Thess gvanis may nvol/e at least ong
o the foliowing: left or right front dooy, el or fight rear dour, and aligate or hatoh door

Tabte 21 gives estimates of the number of sowed cars per year that sxperienced no door
sghiuse, al least one door opened, at least one door jamimed, af lgast ong dour opaned and
at least one door jammad, or unknown, Simiiar sstimates of door faifures for ight trucks,
vans, and MPYs are shown in Table 22,

Table 2%
rumber of Crash-lovolved Carg With Doors That Opensd of Jammed
by Cragh Mode and Ares of Damage:
Weighted Ayerage of Natlonally Welghted Counts per Year, 19881 888

, b Athessljoo
o s : st § ne Door B
f Bamuge 8 ormd | Jammed

GOy 0% A3 48,857
S555%
[ taniitatlory
Single-Vehinie
From % ZA82 RE LTS § $.28E WE B2
1 4% R A% .8%
4598 28,248 1,850 TERSR
2% 38 6% 2.7%
Foas 3,78 $ 542 BG7 E PREY] 14,578
%.9% 34.7% 15.0%
Siharilinknown &43.118 2,165 8,323 2 14,348 BE.308
£4.5% 5.5% 12,4% $8.2%
rultiple-Yehicle
475,848 3784 100,947 g 7,308
a40.5% G.65% PRI 4 .2%
124,888 RIS 180,273 £ 687
47 5% 2. 3% 44,7% 1.2%
Faar KA TS 3,814 46 551 s 4,577
55 % 4 4% 8% a Z25%
Cthenflinknown 108 B30 1868 16,528 1E 042
F25% 3% 12.5% 12.5%

Totad kR kAR ] 29,813 453,838 FE,H&

£4 6% 1. 7% a7E%

Loy aaah crash mode, the Hest data row shows e aumber of orad Jdrvoived sarg with doors that opened
wy jarwved and e secondd 1w shows tha peroantags ot the row 0ial
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Yehicle Damage Data

Tabile 22
Number of Crash-involved Light Trucks, Vans, and MPVs
With Doors That Opened or Jammaed by Orash Mode and Area of Damage
Weighited Sverage of Nationally Welghted Counts per Yoar, 1888-1930

Soor Fallure®,

Cragh Mods and § Operationgd Unkrevan
Ares of Damage | or Ho Doot st Jor Unooded

Rollover

otyaliover
Single-Vehicks

Fring

Oisr/Unknown 15,165
75.8%

Multiple-Vehicie
147,588
Y7 A%
33,26¢
56.8%
11,885
507
DfeiUnknown 36,8611
§5.0%
Yotat 283773
83.7%

“Far each crash mode, the Tirst data row shows the number of craghinvalag vehictes with dowrs that
apensd of jamned and e second row shows e percentage of e row totaf

4

4
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Yehicle Damage Data

The results in Tables 21 and 28 we shown a8 @ mnction of crash mode. 1t is evident thal
the frequancy of door fallure & sensitive fo the crash mode. This is also Hiusiraled in
Figure 12, whers Unknowns nave heen redistributed among the kKnown pategories of doos
tailure for crash-invobead towed Cars.

Figure 12
Door Fallures In Towed Car Craghes

A% Crash Modas

we Goor Faligrg

A Loasst Ore Doar Cyesred K
& Lrast One Daor Jamened

25 Loast Gne Toor Qpened
a5t O Doss Jasuned Y

Rollovers

#o Reviar ¥ 28tsrss

At Lesst Orne Do Cpared

e Leaast O Goor Jammed | o e

Aa Least One Doar Opened 15
seut Cne Dons Janined
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Vehicle Damage Data

Causes of Door Opening in Crash-involved Cars

Doors that come open during a crash do 50 on ascount of one or more door component
fathures. The door components that may fail include door laiches, hingss, donr struchurs,
duor support {pillars, sills, roof rals), ard combinations thereof,

Table 20 gives estimates of towed cars per year (ngtionwide averages for the years 1888
through 1980} that experiencad crashiinduced 4007 apening, a5 & hunction of mods of door
failure and crash type.

it is evident that the most frequent causs of door opering is the failure of door latohes
{52 pernent), folivwed by door suppat {13 percent), door structurs (11 percent), and hinges
{9 percent). All other combinations account for $ percant of door openings.

Mote that the sntire 19881990 NASS/IODS sample of cases available for thiz analysis ig
aboud 1,000,

Table 23

Mumber of Crash-Invalved Towed Cars With Doors That Opened
by Mode of Door Fallure, Crash Mode, and Arss of Damage:

Welghtod Average of Naticoally Weighted Counts per Yoar, 1688-198

Monde of Dooy Filline.

Single-Vehicie

N4
[
& &

L ]

CrhesUnknown

buftiple-Vehise
Front 33 3G 1408
* 18.8%
§ 487
B
287 B3 kRt

A S
& K4

=2

.....

1,70%

@

o

s

£
)

3300 5499

§.5%

Totsi

(2
3
&
: <O
i

For each crash mods, the 05t dats row shows e nurmber of crash-invoived cars with doms that opened and
the sacond raw shows the perceniage of he oW folal,
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vehicle Damage Dalg

taeced cars, Twe degrees ol ¢f

Tabie 24 shows the rates of socupant aiantio
sctinn are distinguished: com
Table 24 are shown by primary wrash modes and areas of damage. Ejeclion rates fay
degree of gjection arg alst shown in Figure 13, Ejection oonurs most freausrtly in roliover

crashes, followad by side Inpacts.

Oocupant Ejection and Entrapment in Crash-lnvolved Towed Cars

Tabis 24

Oosupant Ejection and Entrapment in Crashlnvoived Towed Cars
vy Degres of Ejection, rrash Mode, and Ares of Damage:
Weighted Average of Natlona

ity Welghted Counts per Yeay, 12881580

Botiover

Monratiover
Sipugle-Yeluds

Cnsy/Unknows

pulipde Vehicle
Fyont

Faat

Citherflinkompeny

Total

“Tor each orash mesde, e frst dala raw
sha second mw shows T perceninge ol hp tow ol

182,737

255,428
144,508

16,021

'cai'
b
Fox

W
>
b

L
<
&

PR =R
o
w e ¥
SIS o S

H

shows e number of aooupants sjected o7 snbrapped and

ng from and snirgpment in prash-invebed
piete and patial. The resulls i
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Vehicle Damage Data

Figure 13
Towed Car Qooupant Ejection Hates
by Uragh Mode and Degres of Election
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Yehicle Damage Usla

The electinn raies shown i Tubde 24 are genarally small, except in car roliovars, However,
due to the vary harmrdul oulcomas of nonupant sjections, the rale of injuries assooigted with
ponupant sjecgons significantly highar, a3 shown i Table 25, which shows
injry-weighted {using Harm—see Appendix B ejecticn and entrapment datg for crash-
evenived townd cars, and Figurs 14, which shows gjectior-induced injury rales for twad
cars. Drashes that nvolve efection are gengrally mong severs crashes; tharetors, iniuies 10
giectad GOCUPANES MY D8 dus 1o higher orash forces g3 weit 2s the zisction #isell

Table 25
Injury-Weighted Occupant Eiection and Entrapment Rates
fnr Crash-nvolved Towed Carg
by Degree of Ejection, Crash Mods, and Aves of Damags:
welghied Average of Natlonally wWeighted Counts per Yeat, 14881980
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Vehicle Damage Data

Flgure 14
Eloctlondnduppeg Qooupant injury Hates
for Crash-involved Towed Qars
By Degree of Election and Crash Mode

Mooy
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Fromiat ¥

7 Paint Election

sart irdury Fate (Parcont

Hattonal Accident Sampling Hystem/Crashworthiness Data System 1988-19580



Yohicle Damags Dals

Blazing Damage in Crash-dnvolved Towed Dars
Tardes 26 and 27 address giazing demage dus to car impact foroes; thay show estimates
of the numbers of towed cars inationwids gvarage for tha years 1988 through 1980} that
pxparancerd giaxing damage 1o the speciic COMPONEeNs shown, 85 2 funstion of crash
mode and wreg of damage.

Charing in motor vebicles i defined a3 the trgnsparent aovaring of openings in the vehicke
structure. Clazing is usually giass. Glazing ratention and integrity are major objectives in
sieotion avoldance during 2 orash sequence. Undar cunsideration here gre the windshishl
sovt and roar side windows; hackiiphi, tailgate, or hatchback, and the rood halch,

A good deal of gazing s penmansnly in place [windshisld, backlight, many rear windows,
and sunroofe). In addition, fleld expetience indicates that operable glazing (8.9, frond gide
windows? s closed most of the ima.

Tatvs 26
Ciazing Damage of Any Degree Resulting from Vehicls impat
in Crash-invalved Towed Oars, by Gigsing Componsryd and Crash Type:
Waighted Average of NHationatly Weighted Courds per Year, 18581550

Crashs Moste ard
Arew of Durapge

shioyer

ot oiiaver
SGinple-Va
Fromgl Danwgs 53,805 RS 14,057 RE X 4063
; Az 8%
Side Damags %5 3 EE 55 EX: 7, 7Y 3434

R 5 5%

e anid
LinEnawn

hubiple-Yahive
Frontal Damags
B

Side Darmnags 3,542 49 AT 4148 3% 263
Fuar Danwags ER s 2 32 RASY pats YR / 112 £%.681
b3 E (]

Tty anid E ;a7 553 15 4 14 7 453 85,817
LInKROWn : ; ;

6,318 \ X By 990,544

541%

"oy aach orash mods, the Sret date row shows e number of oars Wi glazing dermepe and the seoond W shows e
parceniage of the row il Ses pags 54 for defnilion of glaiing companents.
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Yehicle Damage Dala

v orashes, glazing may be compromised 1o varous degrees: # may sl be in place bt
cracked or hofed; it may come out of place irespective of cracks or holes: and # ay
dislrdegrate completaly.

Vable 28 gudresses glaring damags of any degree, while Table 27 addresses mavimum
damage only d.e., disinegration).

Cars with glazing damage of any degres io any compenent are about 42 paraant of ai
crash-involved towed cars. This proportion vares as & function of crash type: for
nonroiicver crashes, the proportions of glazing damags are 36 parcent for singie-vehicls
frontal crashos, 48 percard for single-vehicle sidz crashes, 38 percent for single-vehicie rear
crashes, 27 perzent for multipia-vehicde frontal crashes, 47 percent for musltipde-valhicle side
crgshes, and 3% percernt for multiple-vehicle rear orashes {Tabiss 2 and 281,

Tabis 27
Maaximagn Glazing Damage Resulting from Vehicle Impact
i Crash-trvolved Towed Cars, by Giexing Component and Orash Type:
welghted Average of Nationally Welghted Counts per Year, 19851850

Glaxing Component Damsged

Left
Lrash Mode and | ont il Reay |
Arem of Demege | ghie fodow | Window F¥0

Ratiover ? 5427 35 5,460
A 16.9%

bonoiiover
Bingle-Vehicie
Frontal Damage SA1 St 3E3 { H 7 1 184,787

Side Damage
Hear Damage

Siver and

Linknown
Muliple-Vabhicke

Frontal Damage

Side Damage Re Y pRIE
47 8% 31.9%
Raar Damage 11,548 5562
52.2% 32.2%
Cthet and g 7oy
Linknown N 4.7%

Toiat 23 55,808 ; 15,6653
0 oo v LyOs = e

(8% Q4%

aach crash wods, the st dots row shows ewrs with glazing damage and the sscond mw shows the

percentage of e row ial Sus pags 84 for definiton of glazing componants.,
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Yehicle Damage Data

The proportion of cars with glazing damage also varies significantly as g funclion of the
damaged componant. Glazing damage of any degres, regardiess of crash type, ocours as
fullows: 28 percent for the windshield, 7 percent for each of the front windows, 4 parcent for
sach of the rear windows, and 8 percent {or the ear glazing.

Except for the windshisld, these proportions do not change much when maximum damage
{disirtegration; s considered inslead of any dugree, indicating that disintagration is the
most sommon glazing damage o towad car crashes. By contrast, windshield damags drops
from 29 percent for damage of any degree 10 0.1 percent for disintegration,

i addition o oar impact forces, addressed In Taldes 28 and 27, nooupant loading is a
secnnd cause of glazing damage.

A comparisan of the fraquencies of giazing damage resulting from oar impact forces versus
damage rasuiting from oocupant bading shows that the latter is g much weaker cause,
gspecially when maximum damage {disintegration) is considerad.
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Appendix A. Glossary

AIS (Abbrevigted injury Soaie}
Asy integer stale developed by the Agsociation i the Advancament of Automotive
Madicing to rale the severfly of individual injuriss. The AR includes! T=minor,
Z=trmierats, 3=aenious, desevere, S=oritical, and S=miimum {virtually
unireaiablel. The scale does not explicly denota g fatal injury.

Body Tyee
Refors o the individust classifications of motor vehicias by their design structure
based on dadinitions developsd by the Soclely of Automotive Enginsers.

franh
An event that produces inury andfor damags, wolves g motor vehicle in
transpot, and ocours on a traltioway of while the vehicle is stilt in motion after
runing off the waffioweay. i this report, orash and motor vehicle crash ane
synorymous. To gualify for the COS, alf crashes must be reported by the police 1o
the state and wolve g towed CDS applcabls vehiche,

Crash Severily (delia-v is used as a measwre of damage crash severity}
Two veniciss approgch agch othar at an impact valocity, sirike, reach a common
welooily, and then separste. Delta-v s eqgual io the impact velecty minus the
sommon speed. Dther faciors being equal, the greater the veloolly change during
& colfision, the greaier the potential for sosupant iy,

Crashworhiness Dals Sysiem Applicable Motor Vebicle
Bafors o those molor vebicles cinssified as automsdiies, automabils dervalives
g shorl ulifily vehicles, van based Hoht trucks, ang Bight convengional truchks
whers the qualifying ucks must have & gross vehicle weight raling (GYWHR) of
feag than of gnugl fo 10,008 pourgls,

Fatally injured Gooupant
A death caused by injunes sustaingd by gn ovcupant in a CD3 appdinable motor
veticke orash and occurring within 30 days of the crash.

Fatal Motor Vehicle Tratfic Crash
A crash in which at ieast one ocouparnt of 2 CDS gpplicable molor vehicle diss
within 30 days of the crash g5 2 result of injuries sustained in the crash.

Fixed Object
& object attached to the lewain rees, abutments) or stalionary objscts
intentionally piaced for a particular purpose {e.g., poles, barriers).

Zross Yebicle Weight [GYW)
The maximum capacity of a vehicle, inoluding the weight of the base vehicle, all
added eqiipment, diver and passengars, and alf carge oaded inlo or onic the
vehicle, Actugl weight may be less than o graater than GVW.
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Glossary

injured Oocupand
Cenuparg of & CDS appdicable motor vehicle susiaining any type of infury as &
result of g orash, inchuding injuries from non-dmpast forees,

Intrusion
Eimments of the vebhicle struchure ¢ extarior oblects in e environment which
infrude nbe the pgssengsy compartment space as a resull of impact farces.

Light Trucks antd Vans
includes utility vehicles, pickups, vans, and truck-basad station wagons, with
GVWR fegs than zc,i}a}a? pounds.

Maximum A8
Fepresents the highest AlS level susiained by an injured aooupant of g CDS
applicable molor vehicls,

H

Molor Yaehicis In Transport
A U8 applicablz motor vehiois on a roathway o in motion within a raffioway.

Non-Fixed Oblects
Ohjeots that are movable or moving but are not molor vehislas, pedestrians,
padalnychsts, animals, or trains,

Gorupant
Asy parson whio ks in 3 CDS gpplicable motor vehicle in transposnt.

Passenger Oar
Any moior vehicls that s an aulomobile, aute-based pickup, large imousing, or
wes-whesl audomobiia or autnmoblis derbvative.

Police-Reported Cragh
A crash irvestigated or reporied by g police officer, documerntsd with ¢ somplisted
form which I signed by the nvestigating officer, and reported 1o the state. Driver
repoits submitied only 1o motor vehicle officials are excluded.

Primary Sampling Uit {(PEL
A clty, county, of groun of contiguous countles with an aggregats papuiaiiarz of &t
teasi 50,000 which defines a geographic area for crash investigation. PSU
seleciion is tha first stage in the probability sampling of mrashes for the CRE

Restraint Systems
Manuaily operated rastraint systems inchude shoulder belts, lap belts, lap and
should bell combingtions, o child safely seats. Aulomatic restraint systems
include passive delts and alr bayg syelams.
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Glossary

Roadway
That part of a trafficway usad for motor vahicle travel o, whera travel by various
slassas of motor vehicles I3 segregated, that par of g traffiowsy used by 3
particular class. The readhway icludes shoulders, designated parking lanes, and
mmadian areas.

Serious inhury
Injury severy of AlS=3 o graater, including, for exanple, compound fractures
and infemal nrga;: wjuries. Uniass otherwise noted, summary siatistics in this
report inchuds gl falally injurad persons as seriously injured, b exclude thoss
with unknown iy saverity leveld (see AIS)

Towaway Crash
A crash which is noted on ihe polics report a5 wolving al least ong ODS
applicabie vehicks that was towed from the crash scene as & result of damags
from the crash. For those crashes inveling injury of fatality, the infursd or Killed
parson must be an sccupant of the lowed CDE applicabds vehicks @ qualify for
the CDS.

Towed Vehicle
A& CDE applivabtle motor vehicle that was Involved in & orash and removed from
the orash scane dus o damage resulting from the crash by msans other than Bs
LW ROWET,

Tratficway
Any right-ol-way open to the public as & malter of vight or custom for moving
persens or propety from ong place o ancther, including the entive width between
propenty fines or ather boundariss,

Yehicle Type
Refors io a sevies of CDS applicable motor vehicle body types that have besn
wrouped ogether bacause of de ~: (jn shmifazrities. The principal vehicle types used
in s report are passengey cars, Hght rugk, and vans,
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Appendix B. NASS/CDS Sample Design

The crashes vestipated in NASS/CDS are a probability sample of alf police-raported
srashes i the United States. Bach such crash that oocurs within g GRS team's area has a
chancs of belng included in the sample. This design makas | possible 1o compute not sy
national estinates but alse probabie enors associated with those estimates. Many other
seatures of the design have a signifisant impact on CDS date analygls, the most important
of which are highlighted in this appendix.

The selection of sample crashes for CD8 is accomplished In stages. The first stage is the
setection of geograptic arsas called primary sample units (PSUs) Each PRU is SOMResRd
of & frge city, a county, oF g group of contiguous counties. The United States was divided
into 1,195 PSLs. The PSUs were then grouped infe 12 calegorias described by geographic
region and degres of whanization. Two to st PSUSs were selected from gach category with
probabidity proportionat to #s 1983 population. These 38 PRUs are the first stege in the
setection of COB sample orashas,

i every crash in gach of the 38 PSUs ware investigated, a nalional sslimate coyid be
obtained by welghting each crash in the PSLU by the inverse of the wobability of sefsction
of the PSU. For sxarple, ¥ 2 sample PSU had 1 chance in 4D of being selecled, then gach
crash from she PSU would be waighted by a facior of 40, This is called the Arsh-stage
sypansion facion

i is not practical 1 investigate every crash in each sample PEU, so additional slages of
sampling are peviormed. The podive agencies in a PBU arg sategorized by the number and
ype of police wrash reports they process. Sampls police agencies are then selected
randemiy from each category. The fraction of the agenciss selected oroasss as g
rusminer and severty of crashes repored by the agancy increases. This is called the
sacond-stage sxpansion faclor

The final stage of sampling is the selection of crashes from alt arashes reporiad in the
sampies police agencies. A simple random selection of alt reporied towaway erashes would
resull in & large percertags of sample crashes with property damags and few injuries, since
these conotiute such 8 large fraction of all crashes. This typs of sample would not be
sifective in providing the detafied and accurats information needsd fur the miligation of
crash conssquences. Rather, a substantial sampla of seripus Injury wrashes iz neaded for
MASS,

The pracedurs used to oblain the desired sample by type and severly of crashes is an
unsgual probability selection, This reguirad listing police crash reponis in categories defined
v most sgvere police-reponted injury. Each cateQory was assigned a sabection ratio that
would produce the desired sample size. A systematic sample was saigcied within each
category. Within each PSLU, af crashes {sampled and nonsampled) within the same
catenmry have equal weight {probability of selection),

The inverse of this probabiiity is called ihe third-stage sxpansion factor, If sach sample
crash in a PSU is mudtipfiad by Hs sexond- and third-stage expansion factors, an unbigsed
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Appendix D. NASS/CDS Data Elements

The data are collectnd on six forms: the Acciderd Form, the General Vehicle Form, tha
Exiorinr Yahicle Form, the interdor Vehicle Form, the Qocupant Asseasment Form, and the
Qeocupart njury Form. There are 310 differsn data slements in the NASSCDS that
characierize the accident, vehicles, and the people involved. This appendix includes the
forms used for sach orash in the GDS.
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NASS/CDS Data Bloments

A ACCIDENT FORM
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MNASSODS Dala Elements

CODES FOR CODES FOR GENERAL AREA
CLASS OF VEHICLE OF DAMAGE {GAD)

nonfixes @

Ry
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NASS/CDS Data Elaments
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MASS/IODS Data Blements

Notionsl Kevident Sampling Syeter —~ Deaghavosthiness Data Sysiewm: Asstdent Form
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MASE/CDE Data Elemenis
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MASS/ODS Data Elamenis
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NASS/CDS Data Elements
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NASSODE Dota Elaments
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MASS/CDS Data Flemanis
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(@ Uinkopen

1000 Mo ohid safety sasl

{9971 Dther maka/modae! (spaciiyh

28 Child Sefaty Saat Make Madel _—

Appliveble coéns are found in your NASS 208
Dats Codlection, Doding, and Edlit ting Marnsat

1598} Unknowrn miske/rnodaet
19881 Unknowr if ohild galety seat usad

28, Type of Chilg Safery Seat
0} N child sefety sesl
{1} infant seal

(2} Todddiar st

{3} Convartinie geat

14} Boostar seat

{7} Othey types chiid sefety seat (spoaiby;

8 Linknowrs ohild satery s22t tve
13} Linknown if child safery ssst used

wedene

o Satety Sunt Tother Unegn

Dasigned

for Rear Facivg for This Age/Weight
i34} Reer facing

{07} Forward faciag

g} (ther otlentadion {specifyl

Linkaown orisntstion

Dosigned for Pomvard Faging for Tnis &ge/Weight
{111 Ras ‘a ing ’
1121 Forwsrd facing

{14} Othww ordersstion (spacifyh:

{18} Unknown orientation

Linknowen Dasign or Orisntation for This

»«g*"fsemhi s Uninown Age/Weight
213 Rear tar mtg

{22} Fareesyd {acing

§28) Sthar oviertation {specifyl

{29} Linknown otientation

5

{4} Unkaowe 1 child gatety sest used
Dnile Sefary Seat Berrwas Wssyn

Drihs Suiety Gast Shield Usage

Mote: Options below applicable 1w
Variabios 04310433,
(5363 Mo child safety seat

Mot Dusigned with

Harnass/Shisid/ Tether

0} After markst hamessish
el

{0727 After ynarkat harness/shieid/tsther used

{038 Ciuid safery seat used, but ne ofter markst
narpassshieid/tether addad

sipwvns if harnass/shigid/tether

added or used

ipiditatner added, not

Dasigned with Harness/Snistd/ Tothar

111 Herness/shield/tether not used

112} Marnsss/shisid/iether usad

481 Unknown i nerness/shisid/tether used
Linkaown H Jes ShiataiTethes
{211 Harness/shi
{22} Harness/shisids
{28} Urnknown i Mmmz«sﬂ-wsi*e‘thu psed

-‘f,;r:sd with Harnsss/
"Wct"ser ool Lssrj

(888 Unknown iF child saiety sest used
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NASE/CDES Daota Elements

Nationst Aecident Serapling System ~Crashworthinuss D

10} 1 Moy irduey
§3) C-Possible injury

(3 Mo working days bost

{2} - Ronincapscilating injury 1Y) 81 days of more
{3} A—incaperitating njury 162} Fatatly injurad

4y K~ Kitlag

{8} U dnjury, severity unbnown
6} Diet prine to aucident

£} Uinkrarews

197 Mot working prior o accident
S fatetit g

(B3} Mo treatrmm
135 Fatat
{2} Fatal-~riled disesse

Hordstat

i3} Hospitatized

(4} Tranaporiad s reisased

5} Tregtraany o soang - nontrensporiad
18} Tresument later

19} Trasunent~ othey (specifyh

{00 Not fatst
i - ruied digesse

{3 Unknown

13} Mot reated a1 & madical faciity
£ Traung conter
§23 Hospitat

: ) - iy o foperiinet-
{4} Madical clinic ST (nar result (speciiyh
{4} Pligsician’s office

18} Traatiant later ot sdical factity 951 Unkaown

Bt rhey Dspesifeh

{8} Unknower

{060} Mot haspitstized
{B1) 61 deys o maore
i8Ry Unknown

#5% SYOP HERE *%*
¥ THERE ARE NO RECORDED INJURIES
[LE., 0A43=00, 37, 39)
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MASS/CDE Dnts Elemenis
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NASS/ODS Dats Elemenis

Fogsss Appssved
gy (AR RN TN

< P
pRP 8

J:

P iinest Mingbesy Troitie Sudaty

Aegnistretion OUCUPRANT INJURY FORM

.............. Z. Wehicte Murmber

upart Nuin

Oooupsant Ares

frdyasion Mo,

it
poes
-9

Kt

»

Ad

A7 - -

B s, T

Gth 7, 23 s A% G40
2 '35\ B . 87 BT 2 24,
m» Y Y st i 1, 153 it

AL (Fey 1100

hnsizad by 8.0, HSS8E, Tiie 1, Senton 108, 168, a9
cded tw rnake the resulls of this dats cutlesti

Wity vou sre nnt required 1o respod,
eesgerihi aucssate, anid T

{2
At

MNattonal Accident Sampling Bystem/Crashworthiness Dala Systom 198515880



HASE/CDE Dgls Elemenis
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MASS/CDS Dats Elements
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MAZS/ODS Data Flemenis

SOURCE OF INJURY DRTA

TGIGVRT

INSLIRY SOURCE CONFIBENCE
LEMEL

-

{apesityl
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MASS/ODE Dala Blements

Mations Accident Sempling System - Crashworthiness Data System: Oocupant injury Foom Page 3

unas indesed
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NASS/CDS Dals Floments
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NASS/LDS Dista Elemenis

bLst Ygimeay 1
BIraLaTTIN

Pertormanse Aeuelsment

OQCCUPANT INJURY LOG
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R
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Appendix E. Harm Definition

sormnonly used for pricritization n crashworthingss program planning.

Gz, Magtional Harm estimates are developed by mulliplying the fraguency
the ek

irured pa
astimates o

annunl Mationag! Harm ostimatas,

injury costs arg estimated in gcoordance with the Abbravigtad Injury Scale [A15) of six
grades of inoreasing tweat-to-ife ranging from AIS 1 Minod 1o AIS & (Maximum), Tab

crash victm using the iatest NHTSA sstimates of sconoimic costs and injury incidencs.

ior pain and suffering cosis thal are excluded iy the “soonomic” oost schaduls.

Har s a concept developed by Mafliads [1] for quantifying, or normalizing, the reiative
sonseguences of the tolal estimated numbser of crash daaths and njured people. Harm is

Harm atiringes o each sunviving injurad person and each death a guantity bassd on the
Costs {sochuding pr@pef*v darnage and travel deiay cosis) associated with each death or
iniured person. The cost guantities are oblained fromn National average cost estimales for

Tabs B2 provides Somprehensive Harm figures that inchude quantities reprasenting values

dence of injurad peopis at sach severity level by the undt cosl estimates
of the AVRIBGD fossss for that severity of injury, Thoese figures are then suivmed io anbes ot

i E?
provides the itest *Eoonomic Harny figures associated with the madmum AIS for 4 ghve

Mational Accident Bampling SystemQrashworthiness Data System 198581980
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Harm Definiion

Tabip 1. 1830 Economic Ham

Survivar's ' Harm (8]
Baximum A18 Unit Doste [2] ineidenos {2} {Biton Dollars)

dinor 4 53,004 4617 228 %1

Maotderate 4 42 35:“’ 4 86 850 313
Serious 3 $78,826 183,140 814
HBavere 4 160 5691 21,788 hag
Coitizal & 388,814 11,386 &7
Fabndities $583,438 “44 531 534
1980 Maliona! Estimate of Tolal Economic Ham %82

*This number was obiained from the 1590 Faiality Ascident Haporting Systent,

Tabde B2, 1390 Comproboengive Harm

Survivor's Harm {4}
Maxivaim AIS Unit Costs [Z] ingidence {3} {Bittion Dollars)
binor 4 58,150 4,837 228 528
Moderale & Kty 6 868,850 61
Sarinus <] 5404, 5160 186,110 %72
Snvers 4 $1,017,5331 21,7588 $az
Criticat 5 3;2@ 2 548 11,388 24
Fataliise §2,82051% 44,531 5117
1980 National Estimate of Tola! Comprehensive Hwrm 5324

“This sumber was sdiained frovs the 1950 Falality Acoldert Reporting Syster.

References

11} Malliaris, A, A Search lor Prorities in Crash Protoction, SAE, 820242, 1882,

19 WHTEA, The Econonvic Dost of Motor Vebicle Crashes, 1580, DOT HE BUT-878, 982,
Tabie i

131 MHTEA, The Econwnic Cost of Molor Vehivie Crashgs, 1890, DOT HE 807-878, 8782,
Table 1-3 {1980 incidance figures).

{41 NHTSA, The Foonomic Cozt of Motor Vehicle Crashes, 1980, DO HB BL7-878, 9/82,
Tablg -1,
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Appendix F. Siatistical Methods

Three aspeacis of the NABS/CDE siatistivs presentad in this report are discusssd in this
appardix. These aspecis are:

« The univariate imputations of missing dala
« The annusl weighied avarage oounts for the 19881838 period
« The sampling srrors for the weighied avarage courds over the period 18881990 perind,

The method for produning estimales from the 1888-1580 CDS dala i to use national
rati-adiustad weights. Those sampiing waighls are appended o the D8 data on the
ghectronic detg file. By summing the sampling weights that have g osrtain charactgristio, an
estimate of the natonal total for thal characigristic can be producsd.

impuiations of Missing Dala

Wissing {unknown or uncodied) datg for the seating position of car, Bght ruk, van, and
MY oocupants {Tables 4 and 8 of the report) are inpuied using & univariale mputation
procedure. The procedure distribnites the missing values of sealing position according 1o the
propotion of aff of the anowry valuss {saoept drivers) of the seating position, The mpasation
of migsing valies for the seating position of oar oocupants in the 1988-1580 pariod s
pedormed as foliows,

The distribtion of the oocupard seating positions in towed cars in the 19881980 perind
betorg imputations s

Car Lomipand Porvent Cunt
Dirivars 56,0 £754 187
Fight Frovd Passengss 20.8 2,408,082
Secord Sext Pasgengers 11.5 1,174,386
Other Passengsrs 1.3 141,088
Unkown Saating 3.4 4,815
Uneoded Seating .5 88,344

Teotal 0G0 10,233,688
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Sintistion! Methods

it was decidad o inpule the mussin G {unknown angd uncodad) valiss of sealing positions 1o
geating positions other than drivers {rfight frord, sscond seat, and others). The disiribution of
awugscﬂni., seated in thesa tree sesting positions is:

Car Dooupant Paropnt Count
Fight Front Passengers a2 203,052
Sevond Beat Passangers 34,7 1,474,366
Other Passengers 3.3 111,085

Totsl LG 3,388,543

Aftar %m;;uzma;z the migsing seating positions 10 these thrae known seating positions, the
distribution of all cooupants il

Car Gonupant Pareard Syt
Lwbvers 8540 2,754,147
5{ Vi’,i ?uzzi iawm ;N“ 214 2,162 464

; 1.4 1,803,545
1.1 113,492
Totst 1Heg 10293588

The seating posiion of the oar ocoupanis ia pmsmieé i rmih 4 of the reporl, The missing
duta of ine sealing position of Hghl truck, van, and MPY oo ;;zm:: were similaty npuied
The seating position of the Hght truck, van and MPY sooupants is gresented in Table 8 of
e ranoit

Annual Welghled Average Counis

The dala prosenied in the CDE report are for vears 1888, 1985, and 1880 To compute an
d:?e?ba Gk nmary a? the 3 years data, the weighted averags protedure was used instead of
% sipde annugl gverage. The welghied average procedure was chosen (o gonount B the
differances %;Mw%n e distribution of the ODS airiies In each yvear. The use of ihe
walghted averags g;ﬁsc}zwﬁda,m is Hustrated using the data for crash-involved towsd oars by

welght class (Table 1 of the repot)

198 Hationgl Accident Sampiing System@rashworthiness Dals Sysiom 19881880
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Sratistivsl Meihods

The disiribution of orash-invobied cars by weight class in each yaay is ghen below,

1988

1988

g0

Weight Clags

Paroant

&3
]
oo
el
=

Poroent

Ty
8
&
=
=

Fayosrnd

Smal (<, 500 e}
hiid-slze {2,.800-3,0031

Large {3,000 bl
Linknown Size

Futal

2474 TET

B31.824 375
V3,245 3.0

1000

80 953

785,281 33.0
872343 8.2
83,157 2.7

HEIEY

Y

34
710,744 338
53,0632 2.8

O

2402422

VEARNS SO

a

wihs nlal ot the 3 v

wars’ oourt 15 givan below,

Walght Class

1984

s}

Smal {22,300
Mid-size (2,500-3,00
Large {3,000 ibs)
Unknown Size

Hor

b
A

g

008
0372

P T
3.378

3
Y
&

000
(RO IR )

Thase fractions werg

roniiiplied by the comesponding weighted counds in each vear i
adjusy for Gfferances between the 3 veary disyributions, The annugl weighiad averans
obained from swinming the adiusted welghied total cound for the 3 vears i3 comparad o
the simple avarage in the ioliowing lable:

Tertd
Lrash-invoived

Bavisal
Simple Svarags

Annusgl
Weighted Average

Waiaht ass

Lount Paroan

Tount Paroent

Loxand Fraromt

2,569,383 3.5
1,874,241 &7
ZAZ2E4Z 380

1RY 507 2.8

£.955%,142

g24,747 907
310781 385

100.0

?‘_ B 5 v’t:a iy
643,235 R
547,858 362
85 E7E 28

Tabie 1 of the report,

The annual weighied gverage of the crash-nvobesd towed carg

i class s given in

b
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Shatistioal Mothods

Standarg Errors of the D% Estimates

The national estimades produced from the CDS dats may difer from the true values,
bacause hey arg based on g probabifly sameds of towed sars and not @ census of ail
crashes, The size of these differences may vary depending on which sample was selacted,
The standard error of an gstimale s 3 measure of the pracision or reliabillty with which an
estimate from this particudar CDE sgmple approcimaies the rasulf of @ cansus.

¥ is impractical o sompuls and provide a standard error for aach gstimate in this report,
insiead, genevalized slandard errors for sstimates of iolals gre presentad in the ollowing
twe abiles for vehicle charactaristios (Table FiY and for nocupant characieristics {Table F23
The genevalized standard srror iables were producad separately for the vehicle and
seoupant ables using thrae sieps:

1. The standard arors for selected estimatas in the report were calouiated using a Taylor
serigs approvimation

2. An eguation thal best % the signdard errors was found using regression fechnigues.

3. Approximats standard errors were generaled from this squation, and the gengralize
standard eror tables werg produced.

Shoeny in each table are the valugs for the sslimales and an estimate of one standard sy
for that valug dadved from the 19881840 DB data. By sdving and subtracting ong
standard eror 1o the associaled estimate, approximale 68 percent confidence infssvals for
an estimate can be created. The estimated anmual average number of small,
crastrinvoived, wed cars i given in Table 1 of the repont as 781,610 cars. To caloulate
ane standard arvor for this estimale, use Table Fi in this Apperdi. Since 781 810 does not
appewr it Table F1, uss nesr inferpoiadion fren the standard error values for the astimates
700,000 and BOD,GGD. One approximate standard eror would be 48,415 + 4,882 = BO,007,
The cordidencs itaryal for this estimate would be 781,810 + B0,057 or 731,513 10 831,707,

The formule used 1o compiie the standard grors is presaentad below sach 1abls, More
information on standard grror estimales can be oblained from the Natlonal Cenler for
Sgtistios and Analysis,

1

-

o
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SZiatistics! Methods

Yable ¥
Crash-invobred Yahicls Choractaristios Estimates ang Stangdard Errorg

Estimale Standard Srror” Estimate Bandurd Ervor

G0 415 106,000 4,164

4 00 £61 200 000 15,750
10,000 1,803 A00,000 27838
20,000 2,245 SGG 000 33827
A0000 3,857 500,000 38,6844
A5 GO0 4,702 TG00 45 495
SR EN 8,504 B60,000 51,152
E0,000 §,578 L00,000 56,8568
TO000 7,028 R AR gt
80,000 7,75 1, O GO0 8,258
20,000 %464 VAR 73,5841

Faf . gobla i

S =
whers:
2w 475757
o D3E04
% = pelirnaie
SE w standard s
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Statistion! Yethods

Tabis F2
Crash-invsived Docupan Charscteristics Estimates and Standard Errors

Estimats Standerd Error” Estimate Srandsrd Error

500 217 00,000 7,103
1,000 304 200,600 13,088
5,008 764 B0G,000 18,018
10,000 1,E0h A0 OG0 24,8982
20,006 1,873 500,000 303,988
303,000 2875 B00,000 57,076
$43,008 EBcET TG, 000 43,215
0,000 3,958 B0 000 45 426

e
oy
Y
¥

S00,000

7O 8,260 ERECIRHUE: 62,040
83,400 5B43 100,008 68,441

’

1,200,000

f.“ e g O liB LG

whera:
3 = 3.5428

LR
tdn
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