e i S

e

US.Department of Transportation

National Highway Traffic Safety
Administration

November 1982 DOT HS 806 314
NHTSA Technical Report

An Evaluation of Side Structure
Improvements in Responseto

Federal Motor Vehicle Safety

Standard 214

Plans and Programs
Office of Program Evaluation

!

i N
N o . \/)

o 2
M

This document is available to the U.S. public through the National Technical Information
Service, Springfield, Virginia 22161



[ 7. Authorls)

Technical Report Documentation Page

1. Report N», 2 h(::.(}\"—c_rrt.rn—;kv*l"\“c};:ﬂ's;;;x‘N(x, 3. Recipient's Cataleg No.

DOT HS 806 314

4. Title and Subniis

5 R epr;v-imDan

An Evaluation of Side Structure Improvemeuts N
In Response to Federal Motor Vehicle Siatety Standard |6 Performing Orgonization Code
214 ___NPP-10

. Performing Organization Report No.

o

Charles Jesse Kahane, Ph.D.

15. Supplementary Notes

9. Parforming Orgonization Nome and Addrass 10. Work Unit No. (TRAIS)

Office of Program Evaluatlon

National Highway Traffic Safety Administration 11. Contract or Grant No.

400 7th Street, S.W.

Washington, D.C. 20590 13. Type of Report and Puriod Covered
12. Sponsoring Agency Nome ond Address - - NHTSA Technical Report

U.S. Department of Transportation
National Highway Traffic Safety Administration
Washington, D.C., 20590 14. Sponsoring Agency Code

An Agency staff review of an existing Federal regulation performed in response to
Executive Order 12291,

16. Abstract

Side door beams were installed in passenger cars in response to Federal Motor
Vehicle Safety Standard 214. The purpose of beams is to reduce the velocity and
depth of door intrusion into the passenger compartment in side impact crashes. The
objectives of this Agency staff evaluation are to determine how many fatalities

and injuries are prevented by Standard 214, to measure the actual cost of the
standard, to assess cost effectiveness and to describe the actual crash performance
of equipment installed in response to the standard. The evaluation is based on
statistical analyses of the Fatal Accident Reporting System and Nationmal Crash
Severity Study data, cost analyses of production beam assemblies and a review of
staged crash tests. Tt was found that

0 Standard 214 elhmhﬁ%ﬁ%ﬁrdo fatalities and 4,500 nonfatal hospitali-
zations per year in side impacts with fixed objects. The standard has brought
about significantly shallower and wider damage patterns and has reduced occupant
ejection in these crashes.

0 Standard 214 eliminates 4900 nonfatal hospitalizations per year in
vehicle~to~vehicle side impacts but has not reduced fatalities in these crashes.
Door intrusion was significantly reduced.

o Standard 214 has added $61 (in 1982 dollars) to the lifetime cost of
owning and operating a car.

17. Key Words 18, Distribution Stotement Qgéj

side door beam; side impact; angle Document 1s available to the public

collision; Federal Motor Vehicle Safety through the National Technical Information

Standard 214; accident analysis; Service, Springfield, Virginia 22161

evaluation; statistical analysis; cost

effectiveness :

19. Secunty Clossif. (of this report) 20. Security Classif, (of this page) 21. No, of Pages 22, Price
Unclassified ‘ Unclassified 430

Form DOT F 1700.7 ©-72) Reproduction of completed poge authorized




METRIC CONVERSION FACTORS

Appraximats Convarsisns te Matric re e - . .
Pt Maasures : Appreximate Caaversisns fram Mstric Meassres
= “Symbs! Wien Yoz Kaew Mttishy by Ts Fnd Symbel
Symbel Whea Tou Naow Multiphy by To Find Symbsl -
» —= LENGTH ) -
LENGTH ==
= o il icten s 0.04 wmches i
. ot o cantiomeisss S48 Wecha s n
- inches .25 cenlwretors cm = - ? 33 taet R
R oot E contimaters cm — = N motars 1 yards v
vé yards 0.9 maters - — m kilavsters os miles =
~ miles 1.6 Witomaers [ =
AREA __E AREA
N N - S o eQuary conlimaters 0.18 squars inchas m?
:z square wches .5 (squars canlimeters g; — -l Squars colers 1.2 quars vards
sguire et 0.09 BQUIS meiars m - wm? gy kilometsrs 9.4 squars mles m?
vd: squars yards 0.8 aGue msters o’ = xa nociaras {10,000 md} 28 acres
-i epatey reiles 2.8 square kilometers [ J—
acred 0.4 hecraceg [ - .
- =
MASS (weight) MASE (woight)
[ x cuncey ox
oz canCa3 28 »ns s groms
© powds 0.45 :WW :0 19 kilcgrams 22 pounds w
short tong 6.9 P s v 1 tonna s {1000 &y} 1.3 shon 1ona
{2000 ib)
VOLUME = YOLUME
tep \easgocns [ mildilitars mi ':: mi @iflilitass 0.03 tlud cuncea fiox
Toep tobiaspooas 1% mifiilitars =l —_— = i litsrg 2.1 pinty -]
N oz thid cencas 30 mijlilitoes ™i w -—E ] iners 1.66 Quarts «®”
e cugs 024 1ters § = ' titoes 0.8 galions gal
o~ pinta 0.47 liters ! P— m’ cubic matocs % cutic foat u®
at quarts 0.56 liters 1 = m? cubic maters 1.3 cubic yads ve?
on! galicns as titors t —
" cubec test 0.63 cubic moters m =
v cubic yords 0.7 cubic meters m? b - TERPERATURE {exset)
TEMPERATURE {exsct) = oc Celeins /5 [ . Fatwaahait o
termpsranig odd 32} ' 12vEse sLTe
*F Fahreabait 5/9 {after Celsius °c y
) Py atuTe ing 1emperature = s
32 °F 32 900 2
~40 [] 40 a0 . 129 80 200
St T 254 foxacilyl, Fur other yxact Convinsions wxl more delasted 1ables, se NBS Mis. Publ. 285, 2
Unsts uf Waughts and Measures, Prics $2.25, SO Cataloy No. C13.10.285. §» -30 -20 20 - 80 30 1c
= <
H

-




Acknowledgments. ....oconun. .,

Executive Summary.....ceeeivenneennns

1.

TABLE OF CONTENTS

INTRODUCTION. vttt innnnetnenenconsanennnes

1.1 TFederal Motor Vehicle Safety Standards -~ the program and its
Lo I D B o oo

1.2 What 4ds Standard 21472 ... v v cinennnenas ceerace e Ceeresereranons
1.4 Contents of the evaluation......... e escescamseananen Cecestaseaneas
FINDINGS AND CONCLUSIONS e ce vt oavonsennnansan s hceevatencesaes tesererse e

2.1 Principal statistical findings.......... seecs s sessnsaracecasue e

2.2 The side impact safety problem...c.coersvervestonsrsasracsosennns

2.3 Effectiveness of Standard 214......... Ceerseraens e e eserrasees
2.3.1 Tatality reductdon......osvveeeuns ceraa e Crirsessaaases
2.3.2 Serious injury reduction....... et eab et e e e savaas e
2.3.3

Nonserious dnjury reduction..c.eeveenvennreaaan Cieesueees

2.4 Why is Standard 214 effective?......... Ceesans e raee ceeasas

2.4.1 TFive hypothesen%g%hﬁgfectiveness»........ ............ e
2.4.2 Effect of Standard“™.4 on vehicle damage patternS.........
4.3 Effect of Standard 214 on specific types of Injuries......
LALh

4 SUMMATY o o e s e vnassnnsnns Cheeieaonn cerereana Ceeeaee ceerinns

NN

2.5 Costs, benefits and cost-effectiveness...ccveieeienerieroirsresannna
2.6 Comparison with NHTSA's 1979 preliminary evaluation..........oo.ne
2.7 Strengths and weaknesses of the evaluation.....ceiiiiivireneernns

2.8 Conclusions.......... e eana e terecesnseae ...........Q,........

111

e s a2 n o s $OTE R T RN 0384088000 AD L0 S0 0L EEEOE PSS

nnnnn l"lolc.to.v-lt...il'.ll!l

16

21
22
25
33

33
33
36
44
48
50
52
56

57

XV

LI ....n.---...--n.-.-.....-o--....xvii



?

THE STDE ITMPACT SAFETY PROBLEM. .. ... e e st et e e a e .. 61
3.1 The piaber and severity of casuaities in side impabts.ﬂ‘,.........ﬁl
1.1 Fatalitieso. oo, I 3
3.1.2 Hosplralizations....... N €14
J.10s ATS discribution.. ... ... N R <1
1.2 lajury mechanisms and contributing factors - a literature review ..70
1.2.1 Injury mechanisme..cvveereeennn et S 70
1.2.2 Contributing factors........v.... P ettt ..;......474
3.3 Statistical assessment of injury mechanisms.....voieiniinnnene. 175
31.3.1 Contact sources of serious INjurdes. . veveervreneenenonnnaad 15
1.3.2 Body veglon and contact source of serious injuries......... 78
1.3.% Bady region and contact source of fatal and life-threating
infuries.. ... e e O 11
J.40 Statiatical analveis of factors contributing to injury visk....... 83
3.4, 1 Number o1 vehicles in the aceldent,occupant locatibn and
fupact sirecooooeioa., N 1
4.2 Delta Voo i eas e et h e en et e T &
J.4.% Crush depthoo, ..., L Y
3.4.4 Sill override in multlveh]c]e crashesS. v v eennnnnhenenan. 92
3.4.5 Type of object or vehicle contacted.......... e een. 92
STANDARD 214 AND OTHER IMPROVEMENTS TN STDE IMPACT PROTECTION....... .. 99
4.1 Flements of the side structure......... f ettt e et cee.. 99
4.2 Development and implementation of Standard 214.......... R X 1
4.2.1 Developments that preceded regulation........... B e 10
4.2.2 Regulatory historv........ A N 1 4
4.2.3 Vehicle modifications in response to Standard 214..........106
4.2.4  Implementation schedule..... e e e ..107
4.3 Discussion: whv might Standard 214 be effective?.................109
4.3.1 Five hypotheses on effectiveness........oovviuiienonen. .. 109
4.3.2 Review of crash test results. . v eecrioriocnaoscrerssronsa, 1B
4.4 Side structure modifications other than Standard 21l4........... e 117
4.4.1 Other safety standards..... R I A
4.4.2 Vehicle modifications not mandated by safety
standards............... P a
4.4.3 Chronology of side structure modifications and
restyvling......... e e T
4.4.4 Some current research concepts in side impact protectingun...]26

iv



REVIEW OF PREVIOUS STATTSTICAI STUDIES OF STANDARD 214...... veseos

..131
5.1 Preston & Shortridge (1973) - Denver, MDAI and Texas data......131
5.2 Joksch (1973) =~ TeXaS dabtd..seeeeeneennenssscennnosanensnassss did3
5.3 Mclean (1974) ~ North Caroling data...oeeeoeeessosoncosssossnsaddd
5.4 Jones (1977) ~ Calspan data......... R N % |
5.5 Kahane (1979) ~ NCSS data......... Ceeeos e rheeaeeana P 1
5.6 Cameron (1980) - Victeoria insurance claims..cveeveenenresessesal39
5.7 Chi (1980) - NCSS data....sev.. e rereeoaona O 3
FATALITY REDUCTION FOR STANDARD 214: ANALYSES OF FARS DATA.........143
6.1 Analysis methodS......vvevevnnnnn. e PP /7
6.2 Data preparation....... e chevenee RPN %<1
6.3 Analyses of side/frontal contingency tables......... B . 151
6.3.1 First year with beams vs. last year without them........151
6.3.2 First two years with beams vs. last two years without
theme oo e veneans e aee e v S 71
6.3.3 Confidence bounds for the fatality reduction in single
vehicle crashes..... e coseneas fh s esees s S 1
6.4 Regressions of the proportions of slde and frontal fatalities..l6l
6.5 Side impact fatalities per 1000 vehicle years.......vseeesseas.167
6.6 Regresslons of side impact fatality rates per 1000 vehicle
A=Y ¥ of - T Ch et et e P X1
6.7 Summary of results...... e D A



~1

SERTOUS INJURY REDUCTION FOR STANDARD 214: ANALYSES OF NCSS

7.

7

1

.2

7.4

7.

7.

7.

w

6

7

8

NCSS overview, definitions and analysis methods............ ‘....184
7.1.1 Definition of side impact and nearside/compartment

1) 22 1 PP 185
7.1.2 Definition of pre and post = Standard )14 ............... 146
7.1.3 Definition of dnjury.....eeeeeen.. et Cevenea.. 187
7.1.4 Preview of analysis methods ..... ettt 187

|
The analyst's dilemma: sample size vs. freedom from bias...... 1%

Preliminary effectiveness estimates ~ based on tabulations of

the raw data......... e et e bttt ie e e 193
Sources of bila in the preliminary estimates.......covevinnan. 204,
7.4.1 Safety standards other than Standard 214........0.0cuu.. ?OA
7.4.2 Vehicle modifications not mandated by safety

standards..... et e a ittt e et vt e e b e 207
7.4.3 Vehicle age blases that can be removed by control

variables....... i C e iisasea e 210
7.4.4 Some invalid control variables........n..usn creeeean e 211
7.4.5 Other vehicle age-related blases....ovvvin. e 214
7.4.6 'Towaway criterion biases that can be removed by control '

varlables.. ..o iin ittt ettt e 219
7.4.7 Towaway criterion biases due to Standard 214 ftself..... 221

Refined effectiveness estimates -~ based on multidimensional

contingency table analyses.............. e e ti e e s e, 225
7.5.1 Procedure.......coiviiinnn . e 225
7.5.2 Definitions of the control variables.....ieviviannen veae 228
7.5.3 Effectiveness 1n single vehicle crashes............ caeee 232
7.5.4 Effectivencss in multivehicle crashes......... ceearseee. 238
7.5.5 Effectiveness for nearside occupants in multivehicle
compartment crashes......vvevns et e 246
A caveat - injury 'reductions” in frontal crashes.....c.vevu.s. 253
Life~threatening injury reduction........ocovveinnns e e 258

Summary: "best" estimates of Standard 214 effectiveness....... 262

vi



8,

10.

NONSERIOUS INJURY REDUCTICON TOR STANDARD 214: ANALYSES OF TEXAS

DATA. .o h i e enaonranenns Ceamesisasrecacsosaas tevensronsesansesesnsns 267
8.1 Analys ls methods .................... s erenreaesenes verese..208
8.2 Data pPreparatioN.......ceeeeeeeeeensns Creeeeteeaerrannnaneeeesaaa209

8.3 Comparison of injury rates - first years with beams vs. last
year without them........eevureonnons Y i

8.4 Regression of injury rates......eceeo. e e cheereeeas 274

WHY IS STANDARD 214 EFFECTIVE? - ANALYSES OF NCSS DAMAGE DATA....... 281

9.1 Five hypbtheses on why Standard 214 might be effective......... 281

9.2 How damage data are used to test the hypotheses..... cevensnssas 282
9.3 Depth and wildith of the damaged area......ceveeeeserveas RN .. 286
9.3.1 Analysis technlique........... Ceeeso e ceianseneanserass 286
9.3.2 Damage in single~vehicle crashes.....civiecvnnoreesssess 291
$.3.3 Damage in multivehicle crashes..ceceeeroscesvonsssnassss 298
9.4 Occupant compartment versus fender damage.......... B (1 A
9.5 Principal direction of force........ heooscescassassrsesnsasanses 307
9.6 Sill override In multivehicle crashes......... sessssssasnseesss 310

9.7 Damage above the beltline in single-vehilcle crashes.............315
9.8 Occupant ejection and related damage phenomena......coeeeeesso ..318

9.9 Summary: why Standard 214 1s effective.......ccnmeeceas ceesevess327

WHEN IS STANDARD 214 EFFECTIVE? - ANALYSES OF INJURY SOURCES AND
CRASH CONDITIONS ............ e e Cheeraae e cevesenssa33L

10.1 Effectiveness by impact location and occupant position ......,.332

10.2 Effectiveness by injury source and body region .......cc000....335

10.2.1 Definitions ...oveeinecnannns b Ceaeeens 337
10.2.2 1Injury sources and types in single vehicle crashes ....338
10.2.3 1Injury sources and types in multivehicle crashes ..... 344

10.3 Reduction of ejection fatallties .o.cieeovrennnnavecanannaesss 349

vii



10.4 Effectiveness by type of object or vehicle contacted ........... 352
10.4.1 Fatality reduction by type of object struck ............352
10.4.2 Serious (njury reduction by type of object struck ...... 357
10.4.3 -Serious Injury reduction by size/type of striking :
Covehicle L e e e h e b e s e e eoeness358
10.5 Effectiveness as a function of accident, vehicle, or occupant
characteristics ... M e a s e e e e 362
10.5.1 Serious injury reduction as a function of accident,
vehicle, or occupant characteristics...... fereare e 363
10.5.2 Fatality reduction as a function of beam installation
YEAT v iniin e i Ceiieeaes 369
10.6 Summary ... it e Cecca s T ¥ &
11. THE ACTUAL COSTS AND BENEFITS OF STANDARD 214 ..., N 37$
11.1  The cost of SEANAard 216 «ouur e et i te ittt eninaens 376
11.2 The benefitys of Standard 214 ... ittt it tteoanenaosn 383
11.2.) Fataldty reductdon ... innnennernnoensonseeeas .. .385
11.2.2 Hospitalizations .....coviviiiiniiian, P b 388
11.2.3 Nonserious dnjuries .....ccoviiievieinrninen e e 397
11.2.4 Summary of benefits ... ...t inrinrnsnns 398
11.3 Cost-effectiveness .. ..vvvve.s e n et it 398
References ..ottt ioeineneronnaann Chee e e h e RN 403
Appendix A: Programs and printouts for analyses of Chapter 6 .............. *
Appendix B: Programs and printouts f{or analyses of Chapter 7 .............. %
Appendix C: Programs and printouts for analyses of Chapter 8 e V¥
Appendix D: Programs and printouts for analyses of Chapter 9 ............. LK
Appendix E: Programs and printouts for analyses of Chapter 10 ......... cel ¥
Appendix F: Programs and printouts for anlyses of Chapters 3 and 11 ..... *

*Unpublished computer printouts

vifi



[« 0
~N O

LEEY OF TABLES

Baseline casunliles in 1980 pide LPACES....cveesacacrscssscssasanssssss 18
Serlous Injury scurces 1n ufr»&iandarﬁ 214 gide IMPACEB-ccsrsscassescsss 20
Serious Injury veduction stivibuted to Standard 214 in slide iwmpacts,

FCSS,oo.ﬁonanbn,ooanuaEO,qaﬁn“,ﬂﬁ",0,aonrwacea*ﬁnaa@.,q,,,.............. 28
Effect of Standard 214 on depth and width of vehicle damage....seoevevse 38
Reduction, for Standard 214, in nill override, greenhouse damage and a1

Bl RCEAON e s cvsmonnrnanscnoasasnnaca-aanoncanaesonsoseeeeartatosetseeoses

P

Nubar of side lwpres Fuvs
Standard 214 had not bean o

ki wold heve oooukved b 1980,
anigated, by number of vehlcles and

OCCUPANE LOCALLDM o o 0o s s e onrntranescascsocoansnsseasnssnsessasessssss 03

Number of side impact farallties snd hospitalizations that would have

occurred 1In 1980, if Stendnrd 214 had not been promulgated, by number 6
7

of vehicles, occupant location and Impach @li@cecrcnorssvsssosncosessssee
AIS percent distribuidon of nenfatal hoppitalizations, side lmpacts

of pre-Standaxd 214 ¢ars, by wmpaus
Contact sources of serious injuries, side iwpacts of pre~Standard 214

L Bype, NCSS. s svonasoonsaessnsecacosses

ecars, by dmpact type, NUSH.. w0 a-cecnvocrnsnccosansssssssessasesssssssae 76
Contact source and hody reglon of serious injuries, side dmpacts of
pre~Standard 214 cavs, by dmpact Lype, MOS8, . ccoeococnsosssssensssnsesss 79
Contact source and body vepion of tatal and life-~threatening injuries,

side impacts, post-Standard 214 CREO..cenconnascnaccanassscssrsososnsnes 81
Injury rates in side fvpacts of pre-Standard 214 cars, by number of 84

vehlcles in the aceideni, aceupant locabion and depact site, NCSS.......
Injury rates in slde Jmpacin of pre-S5tandavd 214 cars, by Delta V

and 1mpact LYPe, WSS . vcn voruonsusaocesnsososseassassossssssnsasnsesss 88
Injury rates in side ifmpacis of pre-Standard 214 cars, by extent of

crush and fmpact type, NCBS .. ui.vraocnceenocaassonsascssnsscossssassees 91
Type of object contacted iu pre-Standard 214 single vehicle side impact
fatalities, FARS 19750983, .. uoeorunnro snnaonscscssasssorssnssesssacsens I3
Type of object contacted in poe-tvandard 214 single vehicle side impact
fatalities and bhosplisalimatlovns, NCSS .. .. i rovenrvasssssesosnosasroes 95
Type of striking vehlcle dn pre-Standard 214 wultivehicle side impact
fatalities and hosplealdzsniion, 0S8, c i ey nosresaconsocssseosccescanne 37

Door beam Installaltlon daien .. . ...t eeuruonnerscoenaanescosssnsssssessl08

Side and frontal fatalities in single vehicle crashes, first year with
beams ve. last year without them, FARS 1975-8l.cu.eeiccrcsorscrssnceaeseld3
Side and frontal fatalitiles in multivehicle crashes, first year with

beams vs. last wyear withont fhem, FARS 1075Bl..eroeeniesrssranencesseesldd
Side and frontal fatulitics do wingle-vehicle crashes, first two years

with beams vs. last two veors withoui Thew, FARS 1975-8l.veevvenecceaes 157
Side and frontal fatalition In wuliivehlcle crashes, first two years

with beams vg. lasi {wo yoars without tham, FARS 1975-Bl.eviivevecnsvoosa 157
Side and frontal fatalivfes dn esingle-vehicle evashes, first two years

with beams vs. last two year without them, FARS 1975~81, by calendar

D £-1:3 S P -1
Percent of cars still on the road ap a function of vehicle age +...eve..170
Side Impact fatallty vates per 1000 vehicie yoears, during 1975-81, in
single-vehicle and multivehicle crashes, fivet year with beams vs. last
year without Bhem. . .. s o st it vt inunoenoononnnsneossnsasssnsnessessees 7l

ix



6-8

6-9

7-1

7-2

7-9

7-10

7-11

7-12

Side impact fatality rates per 1000 vehicle years, during 1975-81,

in single-vehicle and multivehicle crashes, first 2 yecars with beams vs.
last 2 years without them ......veeienrnenn. i eehenee e IR S 173
Fatality reduction for Standard 214 summary of TARS results........ ...181

injury rates in single vehicle side impacts, by Standard 214 cbmplianée,

NCS S it it i T &4
[n]ury IdtOS in multivehicle side impacts, by Standard 214 compllance,
NCGGe oo venevenorensannnonns i e e B A L0 §
Noarside occupant injury rates in multivehicle impacts centered on thé
compartment, by Standard 214 compliance, NCSS....... v vees..203
Percent of cars complying with Standards 201, 203, 205 206 and 216; -
percent of occupants uslng safety belts, NCSS.veevienenuine.. ........J..205

Tnjury rates in single-vehicle side impacts, by model year, NCS%......| .216
Injury rates in multivehicle side impacts, by model year, NCSS..........218
Ratio ol side to frontal towaways, NCSS, by Standard 214 compliance,

single and multivehicle crashes....... e eteee e P P
Injury reduction attrilbuted to Standard 214 in single vehicle crashes,
first 2 years with beams vs. last 2 years without them.........ocoveenq.
Injury reduction attributed to Standard 214 in single vehicle crashes<
first 5 years with beams vs. last 5 years without them. .................236
Injury reduction attributed to Standard 214 in single vehicle crashes,

all cars with beams vs. all cars without them.....iveeeereranavarsnssasa239
Injury reduction attributed to Standard 214 in multivehicle crashes,

first 2 years with beams vs. last 2 years without them........v.eeeese. 241
Injury reduction attributed to Standard 214 in multivehicle crashes, |
first 5 years with beams vs. last 5 years without them........fi..eeeede.243
Injury reduction attributed to Standard 214 in multivehicle crashes, all
cars with beams vs. all cars without them........:...................:..245
Nearside ocecupant injury reduction attributed to Standard 214 in
multivehlcle impacts centcered on the passenger compartment, first 2

years with beams vs. last 2 years without them....... ..ot Ceene . .248
Nearslde occupant in]ury reduction attributed to Standard 214 in
multivehicle Impacts centered on the passenger compartment, first 5

years with beams vs. last 5 years without them........ s e eeaaany -..250
Nearside occupant injury reduction attributed to Standard 214 in
multivehicle 1mpacts centered on the passenger compartment, all cars

with beams vs. all cars without them....... e eee ettt e ceves252
[Injury reduction in froantal single vehicle crashes, post vs. :
pre-Standard 214, NCSS......... O U X
Injury reduction in frontal multivehicle crashes, post vs.

pre-Standard 214, NCSS..eveervruannss e eseeees SR A )
AIS> 4 injury rates in side impacts, by Standard 214 compliance, NCSS...259
Injury reduction attributed to Standard 214 in side impacts, NCSS.......263

.233

Driver injury rates in single-vehicle side impacts, first year with .
beams vs. last yvear without them, Texas 1972, 74 and 77...... e 272
Driver Injury rates in multivehicle side impacts, first year with beams

“vs. last yvear without them, Texas 1972, 74 and 77..... e aeeen ceeennee 275

Tnjury reduction for standard 214, ..000000aun e eeeenas fevennda279

Percent fles of unlt normal distribut lon and of crush depth (C), width
of damaged area (L) and relative crush depth (C/L) in side impacts,
unweighted NCSSe v v v v vv e veeennnn e e eaes et e Ceeeren ..290



9-7

9-8

9-9

9-10

9-11

9-12

9-13

9-14

9-15

10-1

10-2

10-3

10-4

10-5 -

10-6

10-7

10-8

10~9

10-10

10-11

Extent of damage in single-vehicle side impacts, by Standard 214

compliance, NCSS. .. i it ennnnneraanas AL I
Extent of damage in single- VCthlP side impacts centered on the

occupant compartment, by Standard 214 compliance, NCSS.iviveereraneneesss296
Extent of damage In multivehicle side impacts, by Standard 214

COMP LAance, NCSS . e v e ueeeeroneonssesessnoansnassssassssassnssasssonsssss299
Extent of damage in multivehicle side impacts centered on the occupant
compartment, by Standard 214 compliance, NCSS.uusieserrraeseerrsasasansss 301
Occupant compartment vs. fender damage in single-vehicle side impacts,

by Standard 214 compliancCe...esveeeesseernecersossescsersssansanassansses303
Occupant compartment vs. fender damage in multivehicle side impacts,

by Standard 214 coOmplianCe...eecvteeroeerneesnesncasacascsssssssnsssansss 300
Principal direction of force, as recorded by NCSS investigators, in
single-vehicle side impacts, by Standard 214 compliance....oeceeeeacesss.309
Principal direction of force, as recorded by NCSS investigators, in
multivehicle side impacts, by Standard 214 compliance......eoveeeveeeesss3ll
Sill override in multivehicle side impacts, by Standard 214 compliance,
unwelghted NCSS, Pre=April 1078 .uuesereeneeeeensesneeereanssssossssaness Il
Damage above the beltline in single-vehicle side impacts, by Standard 214
compliance, UNWeighted NCSS. eueevreeneervesnersansoaracssosssnssssssnass 317
Occupant ejection through doors, by Standard 214 compliance, unweighted
L T )
Door openinyp during impact, by Standard 214 compliance NCSS pre-April
1978...... et e e et seaese ettt seseacas s et arennaneson
Door latch or hinge ddmdge during impact, by Standard 214 compliance,
unweighted NCSS cases, pre-April 1978...... . 451
Casualty reduction attributable to Standard 214, by reduction mechanism..328

320

322

Standard 214 effectiveness in single vehicle crashes: nearside vs.
farside occupants, NCSS..veeevsnn e s rseceaseesieesserers st saearener s
Standard 214 effectiveness in multivehicle crashes: occupant compartment
impacts vs. other crashes, NCSS.vs.veevevivastssosssoscssssrasssassvosssva
Standard 214 effectiveness in multivehicle compartment impacts:
nearside vs. farside occupants, NCSS..uiiivoeennnoensvessrorocssaroavanns
Injury rates in single-vehicle side impacts, by contact source and body
region, by Standard 214 compliance,NCSS....veiisvvsiossssnsscssassonsvees
Injury rates in single-vehicle side impacts, by contact source and body
region, by Standard 214 compliance, nearside vs. farside occupants,
O T
Injury rates in multivehicle side impacts, by contact source and body
region, by Standard 214 compliance, NCSS...veereeeasoerassssnssssssasenss3bd
Injury rates in multivehicle compartment impacts, by contact source and
body region, by Standard 214 compliance, nearside vs. farside occupants,
NCSS..... e rr ettt R LY
Ejection and nonejection side impact fatalities vs. frontal fatalities
in fixed-object crashes, first two years with beams vs. last two years
without them, FARS 197578, Blu.eieeeeuneuseescosononacasssnsosaassasanssaddl
Standard 214 fatality reduction in single vehicle side impacts, by type
of object struck, FARS 1975-81. e AP & 1
Standard 214 injury reduction in slnﬂle vehicle side impacts, by type of
object struck, NCSS. ...........L............u.......................358
Standard 214 injury reduction in the struck vehicle in multivehicle side
impacts, by size/type of striking vehicle, NCSS.eieeeruereesrecennaonssaaldd?

334

336

336

339

e 342

xi



10-12
10-13

10-14

10-15

11-1
13-2

Injury reduction
characteristics,
Injury reduction
charactevristios,
Injury reduction
characteristins,

Injury reduction

NCE
Uity s e u sas ns oo as-

tard

for Sta

o]
s

L O

A -
14 ng a

14 ag &

function of accident

6 % % 4 e B8R 8 6 e 6 *MA O g umdesn BERe T EN s B

function of the struck vehicle's:

L I I I R R N R R R A R A I e R R

for Standavd 214 as a function of occubant

(‘vﬂ'c
NL00, e K
e e L I T T T T

for Standard

ARG 1O

beams were installed, FARS

o5 4

Thid 2 4 % 6 M s c e 8 e £ 0 0 06 S AN O D s AP N SED sE 0 s 0RO

214 as a function of model year in which

Cost and weight added by door Deams « v evr ettt iinrietnenernronsnns
Estimation of benefits of Standard 214, for 7 calendar years of FARS

QAL A e v 0t e s s tnnsonroanenosonnensssosesesanssasusesoossassssntsnanosnassss

11-3 Annual benefits of Standard 214.. v e ivorsernrscsssonssnrasssonascsnns

e

°
B
PN
o)
L

.. 307

. .365

. . 387
. .399



3-1

11-1

LIST OF FICURES

Cumulative Delta V distribution of fatalities and hospitalizations in
pre-Standard 214 side impacts, by impact type, NCSS..i.iiiiierersanranss. B6
Cumulative distribution of fatalities und hospitalizations in

pre~Standard 214 side impacts,'by extent of crush, by impact type,

NCSS. v ernnnns e e PR 1

Elements Of CONSUMCEY COSCeverereesoorossesosscsososssessesssssavensnsonsesesdIl?

x11id



LIST OF ABBREVIATIONS

ATS Abbyaviated Injury Scale

AMC , American Motors Corporation

ANPRM Advance Notice of Proposed Rulemakjng
BMDP ' Biomadical programs (P series)

cne Collision Deformation Classification‘
CRASII Computer Reconstruction of Accident

Speeds on the Highway

CY Calendar Year

df degrees of freedom

ETU : Fguivalent Fatality Unit

FARS ' Fatal Accident Reporting System

FMVSS Federal Moior Vehlcle Safety Standard

GM : General Motors

K+A fatal and serious injuries (police rated)
K+A+B fatal, serious or visible minor injuries

(police rated)

MDAT Multidisciplianary Accldent Investigation

MY Model Year

NCSS National Crash Severity Study

NHTSA National Highway Traffic Safety Admiﬁistratimn
NPRM Notice of Proposed Rulemaking

PDOF ) Principal‘Direction 0f Force

SAE | Socjety of Automotive Engineers

TAD Traffic Accident Data project accident

severity scale

VW Volkswagen

xiv



ACKNOWLEDGEMENTS

I thank Tom Hollowell for his advice and encouragement throughout the
project and for explanations on side structure performance in crashes.
Sue Partyka, William Brubaker, Hugh Oates and Roy Shannon reviewed the
manuscript; moreover, Ms. Partyka provided detailed guidance on the use
of the National Center for Statistics and Analysis data files.

Rod Harris, formerly with the Motor Vehicle Manufacturers Association,
gathered the most accurate available information on when door beams were
installed in passenger cars.

Alleyne Monkman and Michele Stewart typed the report.

Xv






EXECUTIVE SUMMARY

Impacts to the side of a passenger car rank second only to

frontal crashes as a source of oécupant fatalities and serious injuries.
Thef are especially dangerous when the impact is on the passenger
compartment because there are no deep, crushable metal structures between
the occupant and the impacting vehicle or object, as there are, for
instance, in frontal or rear-end crashes. The door collapses into the
passenger compartment and the occupants contact the door at a‘high relative

velocity.

During the 1960's, the motor vehicle manufacturers tested
various concepts for reducing penetration of the door structure into the
passenger compartment. They found that the installation of a horizontal
beam inside the door, accompanied Ey minor reinforcements of other
components, significantly reduced side structure intrusion in crash tests,
The beams, unlike some of the other concepts, did not change a car's
external appearance and posed no problem of customer acceptance. The
manufacturers developed a static laboratory test for measuring side door
strength. Beams greatly improved a car's test scores. In 1970, the
National Highwa& Traffic Safety Administration issued Federgl motor
Vehicle Safety Staﬁdard 214, which incorporated the static fest and
required all passenger cars to achieve certain minimum scores on the test,
effective January 1, 1973. Beams were installed in all makes and models
of cars sold in the United States since the effective date; beams were

installed in many models up to 4 years before the effective date.

xvii



Executive Order 12291 (February 1981) requires agencies tn
evaluate thelv existing major regulations, Including any rule whose
annual effect on the economy 1s $100 million or more. The National
Highway Traffic Safety Administration published a preliminary evaluation
of Standard 214 in 1979, based on analyses of a National Crash Severity
Study data file which was less than half complete at that time. Becausé
of the limited accident sample, definitive‘conclusions could not be
reached. A followup evaluation was promised when the data file became
complete. That file has been completed and, equally important, additional

data sources and new analysis techniques bave become available.

This report ls the Agency's reevaluation of Standard 214,

superseding the findings of the 1979 study. 1Its evaluation objectives are:

(1) Calculating the benefits specifically due to Standard
214 - lives saved. and injuries prevented or reduced in severity, in side
impacts -~ after isolating the effect of Standard 214 from the effects of

other safety standards or vehicle modifications.

(2) Measuring the cost of components installed or modified in:

response to Standard 214 in current (1979-82) production vehicles.
(3) Assessing cost-¢ifectiveness.

(4) Comparing the effectiveness of Standard 214 in single and
multivehicle crashes; fov nearside and favrside occupants; for impacts
centered on the pasgenger compartment vs. other side impacts; for

mitigating various specific tvpes and sources of injurv.
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(5) Describing the effect of Standard 214 on side structure
performance in highway accidents, based on analyses of vehicle damage

patterns.,

(6) Providing a physical explanation of why Standard 214 does
(or does not) eliminate certain specific types of injuries in specific

types of side impacts.

(7) Comparing the mechanisms whereby Standard 214 reduces
casualties in highway accidents to the stated rationale for the standard

and to hypotheses, based on staged crashes and engineering analyses, about

how the standard works.

The fatality reduction due to Standard 214 was accurately
estimated by analyzing 7 years of Fatal Accident Reporting System (FARS)
data. Statistical analyses of National Crash Severity Study (NCSS) data
were performed to determine the number of serious Injuries prevented.
Nonserious injury reduction was measured from 3 years of Texas accident
files. All effectiveness analyses were limited to, or emphasized, cars
built just before and just after the installation of beams -~ in order to
isolate the casualty reduction that is specifiéally due to Standard 214
and to exclude reductions due to other safety standards (201, 203, 204, 205,
206, 208-210, 216) and vehicle modifications (the shift from genuine to
pillared hardtops, etc.), which tooklplace some years before or after beam
installation. Multivariate statistical techniques were also used to
accomplish thils poal. )

The analyses of the effect of Standard 214 on vehicle damage

patterns and ou specific types of Injuries are primarily based on NCSS,
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supplemented, where possible, with FARS resnlts. The cost of Standard
214 was calculated by analyzing the individual comoonents of a representative
sample of current (1979-82) cars, updating the cost estimates of the

preliminary evaluation.

Engineering studies of the side impact problem and staged sidp
impact crashes wefe thoroughly reviewed and discussed with Agency enginéers.
The review made 1t possible to formulate 5 specific hypotheses on how
Standard 214 affects the performance of the side structure in crashes.

The analyses of vehicle damage patterns and specific injury types were
geared to testing these hypothsses and, tinally, developing a physical

explanation for the effertiveness of Standard 214 (or lack thereof) in

various types of side impacts.

The most important conclusions of this evaluation are that
Standard 214 has saved 480 lives per year and has significantly reduced
serious injuries in side impacts with fixed objects. Standard 214 has
significantly reduéed serious injuries, but has had little or no effect
on fatalities, in vehicle-to-vehicle side impacts -- moreover, the
reduction in multivehicle crashes is vrimarily limited to impacts that
are centered on the passenger compartment and to occupants seated adjacent
to the struck side of the car. Thé detailed analyses of vehicle damage
patterns and specific Injury types established physical explavations for
the effects of Standard 214 that are in complete agreement with these

conclusions,

The principal findiunegs and conclusions of the study are the

8

following:



The problem

o In 1980, when 75 percent of the passenger cars on the

Principal Findings

highway were in compliance with Standard 214, 7800 passenger car occupants

were killed 1in side impact crashes.

There would have been 8200 fatalities

if the side structure improvements required by Standard 214 had not been

made (confidenceAbounds: 8050 to 8350); 3400 of the fatalities would

have occurred in single ~vehicle crashes; 4800 in multivehicle crashes.

o There would have been 74,000 fatalities and hospitali-
zations in side impact crashes in 1980 if Standard 214 had not been

promulgated (confidence bounds:

67,000 to 80,000).

o The distribution of the serious casualties (fatalities and

hospitalizations) by crash type, occupant seat location and damage

location would have been:

Nearside occupants ~ damage
centered on compartment

Nearside occupants - damage
not centered on compartment

Farside occupants

TOTAL

Fatalities and Hospitalizations in

Single-Vehicle Crashes

Multivehicle Crashes

N Percent N Percent
7,200 36 20,000 37
3,400 17 11,000 20
9,400 47 23,000 43
20,000 54,000
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o The distributlon of injurv sources among pre-Standard 214
occupant fatalities and hospitalizations was:

Percent of
Serious Injuries

Contacts with side interior surfaces (doors, pillars, etc.) 49
Head injuries (including face and neck) 14
Rest of body . 35
Nearside occ. in multiveh. compartment impacts 17
All other persons i 18
Contacts with front interior components {(dashboard, etc.) a0
Objects exterior to vehicles (mostly ejections) o 8
Other | 13

Fatality reduction for Standard 214

o Standard 214 reduced the risk of occupant fatality in

single-vehicle side impacts by 14 percent (confidence bounds: 7 to 21

percent).

o In the preceding estimate, the definition of "single-vehiclé
side impact" included grade crossing accidents, rollovers with primarily side

damage and complex off-road excursions. If the definition is restricted to

o Standard 214 had no observed effect on multivehicle crash

fatalities (confidence bounds: -9 to +7 percent).
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Serious casualty reduction for Standard 214

o Standard 214 reduced the risk of occupant fatality or

hospitalization in side impacts, as follows:

Serious Casualty

Reduction (%) Confidence Bounds
In single-vehicle crashes 25 ' 11 to 35
In multivehicle crashes:
Nearside occupants in compartment impacts 25\\ ‘ 6 to 38

All occ. in all multivehicle crashes 8 ~3 to 17

Nonserious injury reduction for Standard 214

o Standard 214 reduced drivers' risk of police-reported "visible

minor'" (level B) injuries, in side impacts, in Texas, as follows:

"Visible Minor" Injury

Reduction (%) Confidence Bounds
In single-vehicle crashes 9 -1 to 19
In multivehicle crashes 13 8 to 18

Effect of Standard 214 on depth and width of crush

o In single-vehicle crashes the depth of crush decreased by an

percent. In other words, Standard 214 resulted in significantly shallower

and wider damage patterns.
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o In multivehicle crashes centered on the compartment, the depth

of crush decreagsed by an average of 20 percent while the width of the damaged

area was unaffected. Standard 214 significantly reduced penetration without

otherwise affecting the shape of the damage pattern.

o Standard 214 had no observed effect on crush patterns in

multivehicle impacts that were not centered on the compartment.

Effect on location of the damaged area

o The percentage of cars in which damage was centered on the

compar g_n_m_e;_pg_ was:

Percent of Cars with Damage Centered on Compartment:

In Single~Vehicle

In Multivehicle

Crashes Crashes
Last 5 model years before Standard
Standard 214 50 31
First 5 model years after
Standard 214 38 32

Effect on the performance of doors in crashes

o Standard 214 affected the performance of doors in side impact

crashes, as follows:

Observed Effect of Standard 214 (%)

In Single~Vehicle

In Multivehicle

Crashes Crashes

Reduction of occupant ejection through

doors | 40~-60 10-50

|

Reduced incidence of doors opening in

crashes 20-40 10-30
Reduced incidence of latch or hinge

damage ‘ 10-20 0-5
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Effect on sill override

0 Standard 214 reduced the incidence of sill override in multi-

vehicle crashes by about 20 percent.

Effectiveness of Standard 214 -~ by injury source

o In collisions with fixed objects, Standard 214 reduced ejection

fatalities by 24 percent and nonejection fatalities by 22 percent. Both

reductions are statistically significant.

o The reduction of serious injuries (resulting in fatality or

hospitalization), by injury type, was:

Observed Reduction for Standard 214 (%)

In Single~Vehicle In Multivehicle

Crashes Crashes
Contacts with side interior surfaces
(doors, etc.) 36 10
Head injuries (incl. face and neck) 25 1
Rest of body 41 14
Nearside occ. in compartment
impacts 50 33
All other persons 23 -10
Contacts with front interior components
(steering assembly, etc.) 27 0
Objects exterior to vehicles (mostly
ejections) 63 57
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Benefits of Standard 214

o The annual benefits of Standard 214, when all cars on the

road meet the standard, will be:

LIVES SAVED -- in single vehicle crashes

NONFATAL HOSPITALIZATIONS ELIMINATED

In single vehicle crashes

In multivehicle crashes
TOTAL

"VISIBLE MINOR" (LEVEL B) INJURIES
ELIMINATED -- Multivehicle

Cost of Standard 214

Best Estimate Confidence Bounds

480 300 to 660
4,550 900 to 8,200
4,920 800 to 9,000

9,470 4,300 to 14,700

15,000

o

o Standard 214 added an average of $30 (in 1982 dollars) to the

purchase price of current (1979-82) cars.

o It increased the weight of a car by 28 pounds.

o The total lifetime cost of Standard 214 (including fuel

consumption due to the weight increase) is $61 per car (in 1982 dollars).

Cost-effectiveness

o An "Equivalent Fatality Unit'" corresponds to 1 fatality or 16.9

nonfatal hospitalizations.

Units per million dollars of cost (confidence bounds:

XXV

Standard 214 eliminates 1.7 Equivalent Fatality

1.1 to 2.3).



/

/
Conclusions

Single-vehicle gside impacts

o Standard 214 has significantly reduced fatalities and serious

injuries in single vehicle crashes.

o The standard has helped cars "glance by" fixed objects,
limiting the damage in the compartment area and spreading it to less
vulnerable regions of the car. It has reduced the overall severity of
the collision, not only for persons sitting next to the damaged area but

also, to a lesser extent, for the other occupants,

o It has thereby also helped protect the integrity of the
door structure, significantly reducing the risk of occupant ejection,

even in potentially fatal crashes.

o The standard has accomplished the goal of reducing nearside
occupants’' torso, arm and leg injuries due to contact with the car's

side structure.

o But the standard's benefits also extend to head injuries,
contacts other than the side structure, and farside occupants, because it
has made crashes generally less severe and it has reduced ejection. For
these reasons, it has significantly reduced fatalities as well as nonfatal

serious injuries.
Multivehicle side impacts

o Standard 214 has significantly reduced nonfatal serious

injuries and nonserious injuries in multivehicle crashes.
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o It has had little or no effect on fatalities.

o The standard has reduced side structure intrusion when the
car is directly impacted in the compartment by another vehicle. The

reduction is primarily a consequence of increased crush resistance.
/

o It does not appear to significantly promote deflection of
the striking vehicle -~ the effect that was prominently displayed in

/
fixed object collisions.

o The standard may have been partially effective in preventing
the striking vehicle from overriding the sill. This effect, at best,
accounts for only a small portion of the standard's benefit in multi-

vehicle crashes.

o The standard may have reduced occupant ejection -- a mechanism
that accounts for a much smaller percentage of the injuries in multi-

vehicle than in single vehicle crashés.

o The standard has accomplished its goal of significantly
reducing nearside occupants' torso, arm and leg injuries due to contacﬁ
with side structures in compartment impacts. These lesions constitute:a
large portion of the serious nonfatal injuries but a much smaller portion

of the fatalities.

o But the standard appears to have had negligible effect on all

other types of injuries (except, possibly, ejections).

o The standard has had negligible'effect on fatalities,

primarily, because it has not significantly reduced head injuries and also,
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perhaps, because the added crush resistance in the doors, without other

major modifications, is of little use in extremely severe crashes.

o Although Standard 214 has had significant benefits in
multivehicle c:éshes, they are exceeded by the benefits in single vehicle

crashes.
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CHAPTER 1

INTRODUCT ION

1.1 Federal Motor Vehicle Safety Standards -- the program and its
evaluation

The pfiﬁary goal of the National Highway Traffic Safety
Administration is to reduce deaths, injuries and damages resulting from
motor vehicle accidents. The Federal Motor Vehicle Safety Standards are
one of NHTSA's principal safety programs. Each standard requires certain
types of new motor vehicles or motor vehicle equipment sold in the United
States to meet specified safety performance levels. Over 50 standards,
affecting cars, trucks, buses, motorcycles or aftermarket parts, have

been issued since 1966.

The National Traffic and Motor Vehicle Safety Act of 1966 [611,
which provides the authority to issue safety standards, specifies that
each standard shall be "practicable," "meet the need for motor vehicle
safety'" and "provide objective criteria." It defines ''motor vehicle safety"

to mean protection against "unreasonable" risk of accidents, deaths or

injuries.

The Federal Motor Vehicle Safety Standards set minimum performance

requirements. Ménufacturers may choose any design that meets or, for that
matter, exceeds the minimum requirements. They may provide additional
safety equipment which generally mitigates the highway safety problem
addressed by the standard but 1s not actually needed to meet the specific

compliance test requirements.



The Covernment, the motor vehlcle manufacturers and independent.
researchers have contributed to the development of motor vehicle standards.
In the case of the early (1968-69) standards especially, it was the motori
vehicle industry that conducted or sponsored much of the research and
sought self-regulation through the Society of Automotive Engineers'
Recommended Practices. The Government subsequently promulgated performanée

requirements that many vehicles were already meeting or exceeding.

In 1975, NHTSA began to evaluate existing Federal Motor Vehicle

Safety Standards [50]. The specific objectives of each evaluation were:

(1) To determine if a standard was actually performing as

intended.
(2) To determine bhenefits and costs.

Since 1975, the Agency has received a number of directives to
continue reviewing its existing standards. In mid-1982, the legislation

and orders governing the review are:

Execu;ive Order 12291, dated February 17, 1981, requires
agencies to Initiate reviews of existing regulations and perform Regulator}
Impact Analyses ofrexisting major rules [27]. '"Major" rules include, amoﬂg
others, those which result in an annual effect on the economy of $100 million‘
or more. The Regulatory Tmpact Analysis shall determine the actual costs%
and actual benefité of the existing rule and the potential‘costs and benefits
of viablevnlternatives to the current rule, if any exist. The Analysis must
test whether: (1) The benefits to soclety of -the existing rule outweigh

the costs. (2) The net benefits of the existing rule exceed the net benefits



of the potentiaily viable alternatives. (3) The rule, in combination with
the Agency's other regulations, maximizes the aggregate net benefits to
society taking into account the condition of the particular industries
affected by regulations, the condition of the national econom&, and other

regulatory actioms contemplated for the future.

Department of Transportation Order 2100.5 is dated May 22, 1980,
and titled "Poiicies and Procedures for Simplification, Analysis and Review
of Regﬁlations” [64]. The Department publishes a "Semiannual Review List"
that shows which evaluations of existing regulations are in progress or
planned and tﬁeir target completion dates [28]. It identifies those

existing regulations scheduled for priority review.

The Regulatory Flexibility Act of 1980 requires that evaluations
of existing regulations also consider their economic impact and admini-

strative burden on small businesses [69]. Most safety standards, however,

primarily affect the major manufacturers and have little or no impact on

small businesses.

The Agency published‘a report titled "Regulatory Reform —-- The
Review Process'" for public comment in March 1982 [70]. The report
described the objectives, policies, accomplishments and plans for the

Agency's evaluation program.

The first evaluation publiéhed by the Agency was a preliminary
"Evaluation of Sténdard 214" -- Side Door Strength [467, which appeared
in September 1979 and assessed the actual costs and actual benefits of
Standard 214 and mecasured cost-effectiveness. This report is a reevaluation
of the same standafd and its findings supersede the contents of the

preliminary cvaluation.



1.2 What 1s Standard 2147

Federal Motor Vehicle Safety Standard 214, which became effective
for passenger’cafs'manufactured after January 1, 1973, established static
crush resistance requirements for side doors. Its stated objective was to
protect occupants from the hazard of side structures collapsing inward on

them in side impact collisions.

Standard 214 has led to the installation of horizontal beams
within the doors of all passenger cars. The installation of beams was the
major vehicle modification performed in response to Standard 214. There
is no record of any production vehicle to date (1982) that had beams and

was unable to meet the standard, nor of any without beams that met the

standard.

The side door beam and the static crush resistance test for
doors were developed at the Fisher Body Division of General Motors, under
the leadership of Carl Hedeen and David D. Campbell. The beams were
installed in all full-sized 1969 model GM cars, over 4 years before the
standard's effective date. Ford, Chrysler and American Motors also |
provided beams in many of their cars before January 1, 1973. In this
evaluation, cars equipped with beams are treated as "post-Standard 214

vehicles" even if they were produced before the standard's effective date.



1.3 Why reevaluate Standard 2147

NHTSA's preliminary evaluation of Standard 214, published in
1979, was based on a National Crash Severity Study data file which was
less than half complete at that time. Because of the limited accident
sample, the statistical results were subject to considerable error and
conclugions c&uld not be definitively stated. It was also impossible to
perform the type of in-depth analyses that would establish why Standard
214 was effective or not effective. For these reasons, the preliminary
evaluation coﬁtained a promise that a followup would be performed when the
NCSS file was completed ([46], p. xviii). A complete NCSS became

available in November 1980.

Moreover, in the 1981 evaluation of energy-absorbing steering
assemblies [447], NHTSA developed analysis techniques that permit more
precise and unbiased statistical results to be obtained from NCSS data.

The new techniques are applied, in this evaluation, to the study of side

impacts.

The Fatal Accident Reporting System, with analysis techniques
developed in the steering assembly evaluation and the 1982 evaluation of
head restraints [ 45 ], has become a powerful tool for estimating a
standard's fatality reduction, independent of the injury reduction.

FARS 1s used in this report to estimate the number of lives saved by
Standard 214, superseding the NCSS-based estimates of fatality reduction
in the preliminary report. Also, in this evaluation, NCSS results on
injury reduction are supplemented by estimates based on Texas accident
data, derived by analysis techniques used in the head restraint

evaluation,



The literature bn side impact research and crash testing was
thoroughly reviewed before the preparation of this report. The review
provided valuable insights on how beams may be hypothesized to perform
in crashes and it served as a guide for the analyses of crash damage and

injury data to test the hypotheses.

Comments on the preliminary report ralsed questions whether
some of the benefits attributed to Standard 214 might, in fact, be due fo
other vehicle ﬁodifications or possible biases in the data [ 2 1. with
the larger samplg and improved analysis techniques available for this
report, it was possible to pay much greater attentlon to controlling fof

or eliminating the effects of other safety devices or blases in the data.

Cost and weight data were obtained on a substantial number of
cars produced after 1973, making 1t possible to update the cost estimate

for Standard 214,

1.4 Contents of the evaluation

Chapter 2 describes the principal findings and conclusions of the
evaluation. It also summarizes why Standard 214 has been effective and

assesses the strengths and weaknesses of the analyses.

Chapter 3 surveys the safety problem addressed by Standard 214,
It describes the number, severity and mechanisms of passenger car occupant

casualties in side impact crashes.



Chapter 4 reviews the development of Standard 214. It contains
an engineering-oriented discussion of how beams are likely to perform in
accidents and a réview.of staged crash test results. It describes vehicle
modifications other than Standard 214 which may affect injury risk in side

impacts.

Chapter 5 reviews published statistical analyses of Standard 214.

Chapters 6, 7 and 8 estimate the overall effectiveness of Standard
214 in single vehicle and multivehicle side impacts: Chapter 6 estimates
the fatality reduction from FARS data; Chapter 7, serious injury reduction

from NCSS; Chapter 8, nonserious injury reduction in Texas.

Chapters 9 and 10 investigate why Standard 214 has been effective:
Chapter 9, based on analysis of vehicle damage patterns in NCSS; Chapter 10,

based on detailed injury data.

Chaﬁter 11 assesses the actual cost of Standard 214 in production

vehicles and the actual benefits in highway accidents.






CHAPTER 2
FINDINGS AND CONCLUSIONS

The results from the evaluation of Standard 214 (Side Door
Strength -~ Passenger Cars) are presented in this chapter. The findings
are based on sﬁatistical analyses of the National Crash Severity Study
(NCSS), the Fatal Accident Reporting System (FARS) and Texas accident files
for 1972, 1974‘$nd 1977; a component cost analysié of a representative
sample of vehicles; a review of the literature on side impa;t research and
crash test resulté; and discussion with engineers about research in side

impact protection.

2.1 Principal statistical findings

The problem

o 1In 1980, when .75 percent of the passenger cars on the highway
were in compliaﬁce with Standard 214, 7800 passenger car occﬁﬁants were
killed in side impact crashes. There would have been 8200 fatalities if the
side structure improvements required by Standard 214 had not been made

(confidence bounds:y 8050 to 8350).

o The distribution of the fatalities, by crash type and

occupant seat location (relative to the side of the car that was damaged)



would have been:

Fatalities in

Single-Vehicle Crashes Multivehicle Crashes
N Percent N : Percent
Nearside occupants 2000 58 3300 69
Farside occupants 1400 42 1500 » 31
TOTAL 3400 4800

o There would have been 74,000 fatalities and hospitali-

zations in side impact crashes in 1980 if Standard 214 had not been

promulgated (confidence bounds: 67,000 to 80,000).

o The distribution of the serious casualties (fatalities
hospitalizations) by crash type, occupant seat location and damage

location would have been:

and

Fatalities and Hospitalizations in

Single-Vehicle Crashes Multivehicle Crasheé
N Percent N Percent
Nearside occupants —~ damage
centered on compartment 7,200 36 20,000 37
Nearside occupants - damage
not ceutered on compartment 3,400 17 11,000 20
Farside occupants . N 9,400 47 23,000 43
TOTAL 20,000 54,000 j

10



o The distribution of injury sources among pre-Standard 214

occupant fatalities and hospitalizations was:

 Percent of
Serious Injuries

Contacts with side interior surfaces (déors, pillars, etc.) 49
Head injuries (including face and neck) 14
Rest of body , 35
Nearside occ. in multiveh. compartment impacts 17
All other persons 18
Contacts with front intérior components (dashboard, etc.) ' 30
Objects exterior fo.vehicles (mostly ejections) 8

Other ‘ , : 13

Fatality reductien for Standard 214

o Standard 214 reduced the risk of occupant fatality in

single~vehicle side impacts by 14 percent (confidence bounds: 7 to 21

percent).

o In the preceding estimate, the definition of "single-vehicle
side {impact" included grade crossing accidents, rolloveré with primarily side
damage and complex off-road excursions. If the definition is restricted to

side impacts with fixed objects, the effectiveness rises to 23 percent.

o) Standafd 214 had no observed effect on multivehicle crash

fatalities (confidence bounds: -9 to +7 percent).
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Serious casualty reduction for Standard 214

o Standard 214 reduced the risk of occupant fatality or

hospitalization in side impacts, as follows:

Serious Casualty

Reduction (%) Confidence Bounds
In single-vehiéle crashes 25 11 to 35
In multivehicle crashes:
Nearside occupants in compartment impacts 25 6 to 38
All occ. 1n all multivehicle crashes 8 -3 to 17

Nonserious injury reduction for Standard 214

o Standard 214 reduced drivers' risk of police~-reported "visible

minor" (level B) injuries, in slde impacts, in Texas, as follows:

"Visible Minor" Injury

Reduction (%) Confidence Bounds
In single-vehicle crashes 9 ' -1 to 19

In multivehicle crashes 13 8 to 18

Effect of Standard 214 on depth and width of crush

o In single-vehicle crashes the depth of crush decreased by an
average of 20 percent while the width of the damaged area increased by 20
percent. In other words, Standard 214 resulted in significantly shallower

and wider damage patterns.
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o In multivehicle crashes centered on the compartment, the depth

of crush decreased by an average of 20 percent while the width of the damaged
area was unaffected. Standard 214 significantly reduced penetration without

otherwise affecting the shape of the damage pattern.

o Standard 214 had no observed effect on crush patterns in

multivehicle impacts that were not centered on the compartment.

Effect on location of the damaged area

o The percentage of cars in which damage was centered on the

compar tment was:

Percent of Cars with Damage Centered on Compartment:

In Single~Vehicle In Multivehicle
Crashes Crashes
Last 5 model years before Standard
Standard 214 50 31
First 5 model years after

Standard 214 . 38 32

Effect on the performance of doors in crashes

o Standard 214 affected the performance of doors in side impact

crashes, as follows:

Observed Effect of Standard 214 (%)

In Single~Vehicle In Multivehicle

Crashes Crashes
Reduction of occupant ejection through
doors . 40-60 10-50
Reduced incidence ofvdoors opening in
crashes ' 20-40 10-30
Reduced incidence of latch or hinge
damage 10-20 0-5
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Effect on sill override

o Standard 214 reduced the incidence of sill override in multi-

vehicle crashes by about 20 percent.

Effectiveness of Standard 214 - by injury source

o In collisions with fixed objects, Standard 214 reduced ejection .

fatalities by 241percent and nonejection fatalities by 22 percent. Both

reductions are statistically significant.

o The reduction of serious injuries (resulting in fatality or

hospitalization), by injury type, was:

Observed Reduction for Standard 214.(%)

In Single~Vehicle

In Multivehicle

Crashes
Contacts with side interior surfaces
(doors, etc.) ‘ 36
Head injuries (incl. face and neck) 25
Rest of body 41
Nearside occ., in compartment
impacts 50
All other persons 23

Contacts with front interior components
(steering assembly, etc.) 27

Objects exterior to vehicles (mostly
ejections) 63

14
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Benefits of Standard 214

o The annual benefits of Standard 214, when all cars on the

road meet the standard, will be:

Best Estimate Confidence Bounds
LIVES SAVED -~ 1n single vehicle crashes 480 300 to 660
NONFATAL HOSPITALIZATIONS ELIMINATED
In single vehicle crashes 4,550 900 to 8,200
In multivehicle crashes 4,920 800 to 9,000
TOTAL 9,470 4,300 to 14,700
"VISIBLE MINOR" '(LEVEL B) INJURIES
ELIMINATED -- Multivehicle 15,000  eee————

Cost of Standard 214

o Standard 214 added an average of $30 (in 1982 dollars) to the

purchase price of current (1979-82) cars.
o It increased the weight of a car by 28 pounds.
o The total lifetime cost of Standard 214 (including fuel

consumption due to the weight increase) is $61 per car (in 1982 dollars).

Cost-effectiveness

o An "Equivalent Fatality Unit" corresponds to 1 fatality or 16.9
nonfatal hospitalizations. Standard 214 eliminates 1.7 Equivalent Fatality

Units per million dollars of cost (confidence bounds: 1.1 to 2.3).
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2.2 The side impact safety problem

Standard 214 was promulgated in order to strengthen the doors
of passenger cars and to protect occupants in side impact crashes. Side
impacts are hazardous, especially when the impact is on the passenger
compartment, because there is relatively little energy-absorbing ''metal"

between the occupants and the point of contact,

The specific source of injury most frequently deséribed in the
literaturc invdlyéé a nearside occupant's torso, arms or legs contacting
the car's 'intruding side structure while it is being struck in the passenger
compartment by anofher motor vehicle. The side structure offers relatively
little resistancelto the striking vehicle and the occupant contacts the
door structure before the striking vehicle has been appreciably decelerated.
A "nearside' occupant 1s one sitting adjacent to the side of'the car that
was struck. A "compartment' impact is one that was centered on the
compartment; throughout this evaluation it is defined to be an impact in
which the midpoint of the damaged area is no more than 45 inches to the
front or 15 inches to the rear of the midpoint of the car. This definition
is more restrictive than wha; has been used in earlier reports but is
necessary to exclude collisions which only peripherally damage the

compartment and in which side structure intrusion is unimportant.

But there are other important injury mechanisms. In severe
crashes, serious torso injury can occur from contact with the gide structure
even when high spéed intrusion 1s not a severity-increasing factor (e.g.,
farside occupants). 'Head injuries due to contact with the upper parts of

the side structure are common, especlally as a source of fatal injuries.
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Occupant ejection is a major problem in single-vehicle side impacts. Many
injuries occur due to contact with frontal components of the car (dashboard,

windshield, etc.). (See Section 3.2.1 for a discussion of injury mechanisms.)

The starting point for the evaluation 1is, then, to determine how
many deaths and serious injuries there would have been in the United States
during the base &ear - 1980 - in passenger cars struck in the side, if
Standard 214 had not been promulgated (but the accident énvironment was
otherwise the Sa6e as in 1980). Table 2-1 shows that 73,600 passenger car
occupants wouldlﬁave been killed or hospitalized (at least overnight) in
side impacts in 1980 if Standard 214 had not been promulgated (confidence
bounds: 67,300-80,000, one-sided = ,05); 8170 of these casualties would
have been fatalities (confidence bounds:‘ 8020 to 8320). The estimate of
fatalities and hospitalizations is derived from the National Crash Severity
Study (NCSS); the estimate of fatalities, from the Fatal Accident Reporting
System (FARS) —; see Sections 3.1 and 11.2. (The estimates are the sum of

the actual number of casualties in 1980 and the number that -Standard 214

"eliminated in that Year.)

There are two fundamental types of side impacts: those occurring

in single vehicle -crashes (mostly collisions involving a skid into a fixed

object such as a pole or tree) and multivehicle crashes (where, most often,

a car is hit in the side by another car or a light truck). Throughout the
remainder of this evaluation, the two types of crashes are always analyzed
separately, because they involve a different mix of injury mechanisms and,
above all, because Standard 214 appears to work differently in the two crash
types. Table 2-1 shows that 20,100 of the fatalities and hospitalizations
occurrved In Hingiewvehicle crashes (confidence bounds: 16,400~23,800),
ifnctuding 3360 fatalities {(confidence bounds: 3210-3510).
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TABLE 2-1

BASELINE CASUALTIES IN 1980 SIDE IMPACTS

(1If Standard 214 had not been promulgated)

Fatalitiesl Fatalities and
Hospitalizations
N % Subtotal N % of Subtotal
In single-vechicle crashes 3360 20,100
Nearside occ.-damage centered :
on compartment 1950 58 7,200 36
Nearside occ.-not centered on :
compar tment , 3,400 17
Farside occupants 1410 42 9,400 47
In multivehicle crashes 4810 53,500
Nearside occ.-damage centered i .
on compartment 19,700 37
: 3320 69
Nearside occ.-not centered on -
compartment : 10,700 20
Farside occupants 1490 31 23,100 43
TOTAL 8170 73,600,

lfstimates based on FARS

2Estimates based on NCSS
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Two other fundamental classifiers of persons involved in side
impacts are occupant location relative to the damaged area (nearside vs.
farside) and the location of the damaged area (centered on the passenger
compartment vs. not centered). Table 2-1 shows that farside occupants and
nearside occuﬁénts in noncompartment crashes together account for a
majority of side impact hospitalizations. It shows that, in multivehicle
crashes, nearsidé.occupants in compartment impacts account for 19,700
fatalities and hospitalizations (confidence bounds: 15,800-23,600), which
is 37 percent of .the serious casualties. These are the persons most

exposed to contact with rapidly intruding side structures.

Table 2-2 shows the relative frequency of specific.injury
sources. Objects on the interior side surface of the cary(thé doors,
pillars, armrests, side windows, etc.) account for 49 percent of the
injuries resulting ip death or hospitalization. However, only a third of
these (17 percent of all serious injuries) can be realisticélly attributed to
contacts with rapidly intruding side surfaces: the torso, arm and leg
injuries of nearside occupants in multivehicle compartment crashes.
Farside occupants, single vehicle crashes and noncompartment impacts,
together, produged an equally large proportion of the side surface torso
injuries. Head‘injuries due to side surface contact account for 14 percent
of serious injuries‘and, accofding to Table 3-6, 26 percent of fatal
lesions. A major portion of side impact injuries (30 percent) involve
contact with fronﬁa} components (steering assembly, dashboard, etc.).
Exterior objects (mostly contacted as a result of occupant ejection)
accounted for 5 percent of the serious injuries in multivehicle crashes,
16 percent in single vehicle crashes and, according to Table 3-6, 29 percent

of fatalities.
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TABLE 2-2

SERIOUS INJURY SOURCES IN PRE-STANDARD 214 SIDE IMPACTS

Contacts with side interior surfaces
(doors, pillars; etc.)

Head injuries (including face and neck)
Rest of body

Nearside occ. in multiveh.
compartment impacts

All other persons
Contacts with front interior components
(steering assembly, dashbord, etc.)

Objects exterior to vehicle (mostly
’ejection)

Other

*
Resulting in fatality or hospitalization

20

Percent of Serious™ Injuries
In Single~ In Multi- 1In All
Vehicle Vehicle Side:
Crashes Crashes Impacts
42 52 49
15 13 14
27 39 35
_— 24 17
27 15 18
34 28 30
16 5 8
8 14 13



In other words, torso injuries due to contact with intruding
side-structuresvin multivehicle crashes are the largest single cause of
serioug nonfatél injuries, but they appear to be superseded, as causes
of death by head injuries due to side surface contact and by ejection.

(See Section 3.3 for additional discussion.)

2.3 _Effectiveness of Standard 214

' The Fisher Body Division of General Motors developed and
crash-tested modified side structures during the 1960's. They found that
a side door beam, accompanied by local reinforcement of the B pillar at
the floor level, significantly reduced side structure intrusion in crash
tests. It also helped partially deflect the striking vehicle in oblique
crashes and reduced the tendency of the striking vehicle to override the
sill of the sﬁruck car. They also developed a static crush test to
measure the increase in door strength gained by installing beams. The
National Hiéhway Traffic Safety Administration promulgated Standard 214,
which contains crush resistance requirements based on this static test.
Manufacturers fesponded to the standard by installing beams in all cars,
model by modél, during 1969-1973. The beam was the major vehicle modifi-
cation pefformed‘in response to Standard 214. Except.for minor reinforce-

ments of pillars or, possibly, other supporting structures, there is no

evidence that other modifications to structures or padding were performed

go obtainvStandard 214 compliance or as an accompaniment to beam Installation.
Moreover, with a few minor exceptions, no other safety standard or important
side structure modification was implemented within 2 model years before or

after the installation of beams. (See Sections 4.2 and 4.4 for more detail.)
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The effectiveness of Standard 214 is determined by first
calculating occupants' risk of death or injury in side impacts of pre-
Standard 214 cars ~-- 1.e., cars not equipped with beams. The corresponding
risk is calculated for beam-equipped cars. The difference in injury risk,

to the extent that it is due to Standard 214, is the effectiveness.

2.3.1 Fatality reduction

Fatality-reducing effectiveness was estimated using Fatal Accident
Reporting System (FARS) data files for 1975-81. Since FARS does not contain
information on nonfatal crashes, it is not ;ossible to directly calculate
the fatality risk (the number of deaths per 100 crash-involved occupants).
Instead, the reduction in fatality risk attributable to Standard 214 is
indirectly obtained by comparing side impact fatalities in cars of the

first model year with beams and in comparable cars of the last model year

without beams to frontal impact fatalities in the same makes and models:

‘ frontal side
FATALTTIES impacts impacts
last model year without beams 01 P
first model year with beams nyy 1oy
M22 11

Moy P12

Effectiveness of Std. 214 =1 -

(See Section 6.1 for general discussion of the analysis and 6.2 for data

definitions.)

First, the comparison was performed using side impact and frontal

Impact fatalities in single vehicle crashes. Standard 214 reduced side
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impact fatalities by a statistically Significant 13 percent. In multi-
vehicle crashes, however, side impact fatalities increased in post-standard

cars by a nonsignificant 6 percent (see Section 6.3.1).

The results were checked by extending the data to include cars
of the first two model years with beams and the last two years without
them. With thils extended sample, the effectiveness of Standard 214 in

single-vehicle crashes was 14 percent, nearly the same as in the 1 year

comparison, and a statistically significant reduction. Moreover, the
observed effectiveness in single vehicle crashes was almost equally large
for nearside occupants (14%) and farside occupants (15%) -- both of which
are significant'raductions. These results indicate that the benefits of
Standard 214 arc not limited to nearside occupants in single vehicle crashes

(see Section 6.3.2).

Confidence bounds for the reduction in single vehicle crashes
were obtained by an empirical procedure: the 7 years of FARS data were
construed as independent subsamples. Effectiveness was calculated

separately for each year of FARS, and based on the variation among the

subsamples, the confidence bounds for effectiveness in single vehicle

crashes were 7 to 21 percent (see Section 6.3.3).

In the 2 year comparison of multivehicle crashes,'however, side

impact fatalities again increased by 6 percent in the bost-standard cars.
Because the sample is larpger than in the previous comparison, this is now
a significant increase. Did Standard 214 increase fatalities or is there
a bias in the analysis? TFor that matter, could there have been a bias in

the analysis of single vehicle crashes?
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In order té check for blases 1in the preceding analysis, another
technique was used. TFrontal and side Impact fatalities were tabulated byi
model year (1967-75) and calendar year (1975-8l) and regressions were
performed on the prdportion of fatalitles that were in side impacts, as
a function of Standard 214 status and vehicle age. The regressions
attributed to Standard 214 a 13 percent fatality reduction iﬁ éingle
vehicle crashes —- the reduction 1s statistically significant and nearly

identical to earlier results. In multivehicle crashes, they attributed

to Standard 214 a 4 percent increase in fatalities -~ the increase is

nonsignificant and not as large as the earlier results (see Section 6.4).°

As an additional check, the frontal impact control group was

discarded and side impact fatality rates were calculated per 1000 vehicle

exposure years (using FARS fatality counts and vehicle registration data) .
Regressions were performed on these fatality rates, as a function of

Standard 214 status and vehicle age. These regressions attributed to

Standard 214 a significant 14 percent fatality reduction in single vehicle

crashes. In nultivehicle crashes, they attributed no effect in either

direction (i.e., less than % percent) to Standard 214, This regression
suggests that the use of a frontal impact control group may have'caused a
slight bias against the standard (in multivehicle crashes only) in the
preceding analysis and that the actual effect of the standard is close toi

" zero (confidence bounds: -9 to +7 percent; see Sectiom 6.6).

In summary, the 4 analyses for single vehicle crashes produced 2
estimates of 14 percentAfatality‘reductién and 2 estimates of 13 percent --
i.e., nearly the same result each time. Since the 2 year comparison using

the frontal impact control group was the most precise one, it is used as
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the "best'" estimate of fatality reduction in single vehicle side impacts --

viz., 14 percent. In the 4 analyses for multivehicle crashes, the
regression on fatélity rates per 1000 vehicle years appears to have elimi-
nated some biasés that were’due to the frontal impact control group; it is
accepted as the '"best" estimate of fatality reduction -- viz., no effect

for Standard 214. (see Section 6.7.)

In the definition of "single vehicle side impact" used with FARS,
about a third of the fatalities were collisions with.trains,'rollovers with
primary damage to the side of the car, complex off-road excursions or
collisions with moveable objects. Standard 214 was not effective in any

of these crash types.

When these fatalities are excluded and the analysis is limited to

collisions with fixed objects (poles, trees, walls, buildings, guard rails),

the effectiveness of Standard 214 rose to 23 percent (see Section 10.4.1).

2.3.2 Serious injufy reduction

The National Crash Severity Study (NCSS) was used to obtain

estimates of serious injury reduction. For this evaluation, a person was

"seriously injured" if killed or if transported from thelaccident scene

and hospitalized (at least) overnight. (Table 2-1 showed that, by this
definition, 89 percent of the serious casualties are nonfatal and 11 percent
are fatalities.) This injury criterion, which was also used in NHTSA's
evaluation of the steering column [447], is easily understood and also

highly advantageous, from a statistical point of view, in connection with

the NCSS sampling plan.
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The NCSS file contains 404 persons who were killed or
hospitalized in single-vehicle side impacts and 1188 in multivehicle side
impaéts; 385 of the latter were nearside occupants in crashes centered on
the compartment. These casualties are divided fairly evenly between pre-
and post-standard cars. In short, the samples are large enough to apply
statistical modelling techniques in a meaningful way and to discard cars
produced long before or after the standard's effective date (sources of
bias in the injury rates). (See Section 7.1.1-7.1.3 for definitions and

Section 7.3 for raw data tabulations.)

The objective was to determine the difference of injury rates
per 100 crash~involved persons, between pre- and post-standard cars, that

was due to equipment installed in response to Standard 214, This difference

should be measured in single vehicle crashes, in multivehicle crashes (all

types), and for nearside occupants in multivehicle compartment impacts.
To achieve this objective 1t is necessary to search for and remove biases

due to vehicle age effects - 1i.e., differences in the occupants, vehicles

and crashes of pre- and post-standard cars that are not due to Standard 214
but only to the fact that pre-standard cars are older. Part of the observed
injury reduction ﬁay be due to other safety standards or side strucure
modifications other than those made in response to Standard 214. Another
may be due to.underreporting of noninjury accidents involving older

cars -- resulting in spuriously high pre-standard injury rates. It is also

necessary to remove biases due to towaway criterion effects: modifications

in the vehicle side structure can affect whether or not a car needs to be
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towed after a side impact and, thereby, affect NCSS injury rates, since

NCSS is a towaway file.

Section 7.4 describes in detail the biases that may be present
in side impact injury rates and Section 7.1.4 outlines the four techniques
used to eliminate bias:

1. Restricting the age range of the cars under study in order
to reduce the age difference between pre- and post-standard 214 cars.
Unfortunately, such restrictions reduce available sample size. Thus, the
approach is to perform the analysis for restricted and unrestricted samples
and let the results act as a check for one another. Specifically, the
analyses are pérformed 3 times:

(a) Comparing cars of the first two model years with
beams versus cars of the last two years without them (a period during
which installation of beams was the only important vehicle modification --

see Section 4.4).

(bf First five model years with beams versus last five

without them.

(¢) All cars with beams versus all cars without them.

Thus, analysis (a) acts to check that the results of (b) and (c) are not
due to causes other than Standard 214 while (b) and (c¢) serve to check that

the results of (a) are not a statistical fluke.

Since (a),~(b) and (c) are each performed on single vehicle,
multivehicle and néarside occupants in multivehicle compartment impacts, a

total of 9 analyses are performed.
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TABLY, 2-3

SERIOUS INJURY REDUCTION ATTRIBUTED TO STANDARD
214 TN STDE TMPACTS, NCSS

Vehicle Age Range i) First 2 Model Years
with Beams vs. Last

Impact type

y

SINGLE VEHICLE CRASHES

2 without them

First 5 Model Years
with Beams vs, Last

5 without them

All Cars
with Beams vs.
All Cars w/o them

Injury reduction (%) 55 24 34
Confidence bounds 36-71 -3-40 20-44
Control variables used Frame/unitized Frame/unitized Frame/unitized
2 door/4 door Belt usage Hardtop/pillared
Nearside/farside Hardtop/pillared Belt usage
occ. :
MULTIVEHICLE CRASHES

Injury reduction (%) 11 16 13

Confidence bounds ~3~24 7-24 2-22

Control variables used Size of striking Rural/urban Speed limit

vehlcle Speed limit 2 door/4 door
Rural/urban Size of striking Belt Usage
Speed limit vehicle n
NEARSIDE OCC., IN MULTIVFEH.

COMPARTMENT IMPACTS ‘ :
Injury reduction (%) 34 25 30
:Confidence bounds 13-51 10-38 11-43
Control variables used Size of striking Size of striking Size of ;striking

vehicle vehicle vehicle
Rural/urban Belt usage Belt usage
Speed limit Hardtop/pillared Rural/urban
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2, Using control variables cérrelated with Standard 214
compliance and injury risk and multivariate statistical techniques to
identify the c&ntrol variables causing the largest bias and then removing
that bias. The procedure is essentially the same as in NHTSA's evaluation
of the steering .column [44]. Starting with a list of 13 potential
control variables, this procedure is performed for each of the 9 analyses.
Table 2-3 shows the 9 effectiveness estimates that were obtained as a result,
the confidence bounds for those estimates, and the specific control variables
that were selecfed by the procedure in preparing each of the estimates. The
confidence bounds are empirically obtained by the "jackknife technique,"
wherein NCSS is divided into 10 systematic random subsamples of equal size
and the effectiveness estimate is recalculated 10 times, each time with a

different one of the subsamples removed. (See Section 7.5 for more details.)

For single-vehicle crashes, Table 2-3 shows that the procedure

yielded effectiveness estimates ranging from 24 to 55 percent, with the
highest effectiveness observed in the 2 year comparison. Two of the 3
estimates are statistically significant and the third comes close to it.

It would appear that the 55 percent reduction, although statistically
significant, may.be a statistical fluke and the 24 and 34 percent estimates,
over a wider range of model years, are more realistic. Nevertheless, the
high effectiveness in the 2 year comparisonAsuggests that Standard 214, not
other safety standards or vehicle modifications, is primarily responsible
for the injury reduction. The most important control variables tend to be
vehicle gtructure characteristics, especially body-and-frame vs. unitized
construction. These variables apparently affect whether a vehicle needs to

be towed, but only in single-vehicle side impacts (see Section 7.4.6).
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Tn multivehicle crashes, where a larger sample is available, the

3 effectiveness eétimates were in close agreement, ranging from 11 to 16
percent, withoqt any obvious trend among them. Two of the 3 estimates are
statistically significant and the third comes close. The most important
control variables tend to be accldent descriptors, such as size of the

striking vehicle orlrural/urban accident location.

For nearside occupants in multivehicle impacts centered on the
compartment, the 3 effectiveness estimates are all statistically significant
and in close agreement, ranging from 25 to 34 percent, with the highest
el fectiveness obéerved in the 2 year comparison. The most important
contrql variables tend to be accident descriptors. The results are strong

evidence that Standard 214 1s effective in this crash situation.

3. Tabulating the Iinjury rates on NCSS by model year.
The preceding mulfivariate analyses successfully ldentified and removed many
potential biases in the injury rates, but there may be some biases that
cannot be removed by that procedure (e.g., underregorting of noninjury
accidents of older cars -- see Section 7.1.4). As an additional check, the
NCSS injury rates in single and multivehicle side impacts were tabulated by
model year and examined for vehicle ape trends unrelated to Standard 214,
No such trend was evident in either the single or multivehicle crashes;
on the other hand, when the NCSS sample is subdivided by model years, the
injury rates are subject to statistical fluctuations which precluded a
definitive separation of the effect of Standard 214 from possible age-related

trends in the 1967-75 injury rates (see Section 7.4.5).

30



"effectiveness" of Standard 214 in frontal

4. Measuring the
impacts. Injury rates werc calculated for occupants of pre- and post-Standard
214 cars that had been in single-vehicle and multivehicle frontal impacts.
1f Standard 214 1is found to be "effective" in frontal crashes, it could
indlcate a bias in the frontal injury rates, which might also be present
in the side impéct injury rates. The analyses of frontal injury rates,
which are preseﬁ:ed in Section 7.6, did indeed indicate such a bias,
especially in sinéle—vehicle crashes, especilally in the comparison‘of cars
of the first 2 model years with beams versus the last 2 without them. The

analyses suggested that the Standard 214 effectiveness estimatés shown in

Table 2-3 might be exaggerated by 10-20 percent in single vehicle crashes

and by about 5 percent in multivehicle crashes, including nearside occupants

in compartment impacts.

Finally, "best" estimates of Standard 214 effectiveness are made
on the basis of the multivariate analysis results in Table 2-3, the other

analyses of possible biases, and other findings of this evaluation.

The "best" estimate for single vehicle crashes is that Standard
214 reduced serious injuries by 25 percent. The effectiveness estimates in
Table 2-3 ranged-from 24 to 55 percent, with the highest figure based on the
first 2 model yéars with beams versus the last 2 without them -- 1.e.,
minimal bias dué to other safety devices or age effects. The analysis of
frontal crashes suggested that these estimates may be exaggerated by about
10-20 percent; tﬁis puts a "ceiling" of about 35 percent on the "best"
estimate. On the other hand, the FARS analyses indicated a 23 percent

fatality reduction in fixed objcct collisfons (see Section 2,3.1). This is
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a "floor" on the offectiveness, since Standard 214 would be more effective
agninat nonfatal injurfes (which Include many pelvic and leg injuriles)

than fatalitlcs (which are to a large extent head injuries). The "best"
estimate of 25 percent is a round number between the ceiling and the floo?.
A heuristic confidence interval for this estimate, 11 to 35 percent, is
established aﬁ.follows: the statistical estimate in Table'2;3 that was
based on the full NCSS file was 34 percent, with confidence bounds 20-44.
Since the ”besé” estimate 1s 9 percent less than that one, the confidence;

hounds are similarly decreased.

The 3 statistical estimates of effectiveness for nearside
occupants in multivehicle compartment impacts in Table 2-3 ranged from 25
to 34 percent (average: 30 percent) and the analysis of frontal injury
rates suggests the estimates are exaggerated by about 5 percent. This makes
25 percent a sensible choice for the 'best'" estimate. The confidence
bounds, 6 to 38 peréent, are again derived from the full NCSS statistical;

estimate in Table 2—3.

The 3 statistical estimates for all multivehicle crashes in

Table 2-3 ranged from 11 to 16 percent (average: 13 percent) and the

analysis of frontal crashes suggests that 5 percent be deducted, yielding a

"best" estimate of 8 percent (confidence bounds: -3 to +17).

Thus, the "best" estimate for all multivehicle crashes 1s 1/3
as large as the estimate for nearside occupants in multivehicle compartment

impacts. This is an intuitively reasonable result, since Standard 214
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appears to be effective only for the latter group of persons involved in
multivehicle crashes (see below) and they constitute 1/3 of the multi-
vehicle side impact casualties (see Table 2-1), (See Section 7.8 for

additional discussion of the "best' estimates.)

2.3.3 Nonserious injury reduction

From Texas accident files of 1972, 1974 and 1977, it was possible
to select driverslof passenger cars of the last model yéar before beam
installation, thch had been involved in side impacts. Likewise, for
comparable makes and models of the first model year with beams (see
Sections 8.1 and 8.2), The K, A or B injury rate (where K = fatal,

A = "serious" and B = "visible minor injury") decreased significantly,

by 13 percent, in the Standard 214 cars in multivehicle crashes (confidence

bounds: 8 to 18 percent). The rate decreased by 9 percent in single vehicle
crashes; due tovthé relatively small sample of these crashes, the reduction
was not quite'stétistically significant (confidence bounds: -1 to +19).

(See Sections 8.3 and 8.4 for additional results and discussion.)

2.4 Why is Standard 214 effective?

2.4.1 Five hypotheses on effectiveness

The following hypotheses on why Standard 214 may be effective are
stated not as facts but as conjectures. They are tested by examining the

effect of Standard 214 on vehicle damage patterns and on specific types of

injuries in NCSS.

Hypothesis 1: Crush Resistance 1In Section 2.2, it was explained

that nearside occupants are vulnerable to injuries involving contact with a
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car's rapidly intruding door structure when the car is struck in the door
area by another mofor vehicle. It is hypothesized that Standard 214 sIbw$
down the rate of door intrusion, at least to some extent, because it‘
increases the door's crush resistance. The post-Standard 214 door dissipates
more energy in a shorter distance, causes the frontal structure of the
striking vehicle to absorb a larger portion of the energy, allows a more
rapid transfer of momentum from the striking to the struck vehicle and moré

effectively transmits loads to the vehicle's pillars.

This hypothesis was initially stated by Hedeen and Campbell at
General Motors and is at least partially supported by results of staged

crashes at GM and Chrysler (see Section 4.,3).

Hypothésis 1 would appear to be relatively unimportant in
collisioﬁs witﬁ fixed objects, since momentum transfer is not involved and
since the si1ll and roof rails are immediately engaged and absorb most of
the energy. It is also relatively unimportant for protecting farside

occupants.

ﬂxpothesis'Z: Deflection of striking objects/vehicles In an

oblique side impact, the beam acts somewhat like a highway guard rail to
help partially deflect the striking vehicle or object. Tt helps the struck
car "scrape by" -- i,e., it continues to move in a forward direction, |
relative to the striking vehicle or object. The potential benefits, which

are not necessarily limited to nearside occupants, include

o a reduction of the velocity and depth of intrusion and of
vehicle deceleration, as a result of damage being shallower and spread over

a wider area.
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o damage may spread from the vulnerable compartment area to

the less vulnerable outer parts of the side structure.

o a reduction in Delta V, If the struck car more readily

disengages itself from the striking object/vehicle.
o the integrity of door latches and hinges is more easily

maintained as a result of the change in damage patterns.

This hypothesis was formulated by Hedeen and Campbell at General

Motors and 1is supported by results of staged crashes at GM and Renault.

Hypothesis 3: §1l1l Override Prevention The beam holds the
striking vehicle down, forcing it to engage with the struck car's sill,
rather than override it. Sill engagement significantly reduces the depth

and velocity of intrusion into the side structure.

This hypothesis was formulated by Hedeen and Campbell on the basis

of GM crash test results.

Hypothesis 4: Greenhouse Protection The beam provides a strong

horizontal component in the side structure parallel to and above the sill.
It prevents the car from partially "tipping over' into a fixed object and
keeps the object away from the extremely vulnerable greenhouse area of the

car (the part of the passenger compartment above the beltline).

This hypothetical effect does not appear to have been mentioned

elsewhere in the literature.
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Hypothesis 5: Door Integrity Protection The beam helps the

door maintain its basic shape during a crash, preventing it from being
deformed to the point where it separates from hinges, latches or from the

vehicle. As a result, there are fewer occupant ejections through the door.

Hypothesis 5 may, in part, be a beneficial side effect of
hypotheses 2 or 1. 1t does not appear.to have been mentioned elsewhere in

the literature.

2.4.2 Effect of Standard 214 on vehicle damage patterns

The NCSS file contains measurements of the depth and width of

vehicle crush. The measurements were taken for the purpose of operating a

computer program to estimate Delta V, but they are useful for the purposes
of this evaluation as well. The "depth of crush," as used in this discussion,
is the maximum of the 4-6 depth measurements on NCSS, Table 2-4 compares
the mean values of crush depth and width in pre~ and post-Standard 214 cafs.
As in the preceding analysis of injury reduction, values are obtained 3
times: |

(a) Tor cars of the first two model years with beams versus

the last two years without them
(b) ‘First 5 years with beams vs. last 5 years without them
(c) All cars with beams vs. all cars without them

Moreover, the values in Table 2-4 have been adjusted by a multiple regression
procedure that controls for the effects of side structure modifications
other than Standard 214 (e.g., hardtops vs. pillared cars -- see Section

9.3.1 for details).
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Table 2-4 shows that Standard 214 made damage patterns about

20 percent shallower and wider in single vehicle side impacts. The

deepest penetration decreased from an average of 10-11 inches in pre-
standard cars to 7-9 inches in post~-standard cars while the width of the
damaged area increased from 40-45 inches to 50-53 inches. The results
were nearly identical for the restricted sample (2 years before vs, 2

years after) and the wider age ranges, indicating that Standard 214 caused

this change, not vehicle age-related trends (such as a change in crash

configurations or Principal Direction of Force). This is strong evidence

in favor of Hypothesis 2 for single vehicle crashes: Standard 214 has
helped a car "scrape by" a fixed object. Moreover} detailed analyses in
Section 9.3.2 iﬁdicate that this benefit is not 1imi§ed to impacts
centered on the compartment but, to a lesser extent, is.also present in

impacts that peripherally involve the compartment.

Table 2-4 shows that Standard 214 reduced the deBth of crush

by 20 percent in multivehicle impacts centered on the compartment but had

no effect on the width of the damaged area. The deepest penetration
decreased from an average of 10-11 inches in pre~standard cars to 8-9
inches in post-standard cars, but the width of the damaged area was
unchanged. The results were nearly identical for the restricted and
unrestricted éamples‘ indicating that Standard 214 caused this reduction
of crush depth; not vehicle age-related trends. The significant reduction
of crush depth could be evidence in favor of either Hypothesis 1 (direct

crush resistance) or 3 (sill override prevention ) in multivehicle crashes.

Hypothesis 2 (deflection) would not appear to be valid because the reduction

in depth is not accompanied by an increase in width. Moreover, additional
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TABLE 2-4

EFFECT OF STANDARD 214 ON DEPTH AND WIDTH
OF VEHICLE DAMAGE

Vehicle Age Range -9 Filrst 2 Model Years First 5 Model Years All Cars with
Impact Type with Beams vs. with Beams vs. Beams vs. All
J Last 2 w/o them Last 5 w/o them Cars w/o them

SINGLE VEHICLE CRASHES
Depth of erush (inches)
pre 11 10 10
post - 9 7 8
Width of damaged area (inches)
pre 40 44 | 45

post 50 53 50

MULTIVEHICLE CRASHES,
CENTERED ON COMPARTMENT

Depth of crush (inches)
pre ' 11 10 10

post 9 8 ‘ 8

Width of damaged area (inches)

pre 75 54 : + 53

post 73 54 - 53

*
Statistically significant change
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data presented in Section 9.3.3 suggests that depth reduction is limited

to crashes gégggﬂgg on the compartment. No reduction was found for impacts
that peripherally damage the compartment but whose damage center is outside
a zone extending from 45 inches in front of the car's midpoint to 15 inches
behind it. This is a major reason why impacts that only peripherally

damage the compartment have, throughout this evaluation, been excluded

from the definition of "compartment impacts.'

A second major benefit in single vehicle crashes -- and another
piece of evidence in favor of Hypothesis 2 (deflection) -- is that

Standard 214 has reduced the incidence of crashes with damage centered

on the compartment while increasing the likelihood that the compartment is
damaged peripherally or not at all. The percentage of single-vehicle
crash involved cars whose damage was centered on the compartment decreased
from 63 percent of cars of the last 2 model years without beams to 40
percent of cars of the first 2 years with beams; from 50 percent of cars
of the last 5 years without beams to 38 percent of the first 5 with

beams; from 485p0rcent of all pre-standard cars to 39 percent of all post-
standard cars. These decrcases were gfnerally accompaniea by increases in
both the percentage of cars with peripheral compartment damage and those
with damage restricted to areas away from the compartment. It seems that
when a fixed objeét strikes the door, Standard 214 helps deflect the
object and §££§g§ the damage out to the fenders -- Hypothesis 2. But when
the object initially contacts the fenders, Standard 214 may help prevent
the damage from spreading to the door -- possibly by increasing the

longitudinal strength of the vehicle.
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None of these effects on damage locatlon is present in

multivebhicle crashes: 31 percent of pre-standard cars had damage centered
on the compartment, as did 31 percent of cars of the first 2 years with
beams, 32 percent of the first 5 years with beams and 34 percent of all
post-standard cars. This is further evidence that Standard 214 has not
been effective.iﬁ deflecting a striking vehicle, but only a fixed object.

(See Section 9.4 for details on the analyses of damage locatjon.)

Table 2-5 shows that the incidence of sill override in multi-

vehicle crashes was 41 percent lower in cars of the first 2 model years
witﬂ beams than in cars of the last 2 years without them; this is a
statisfieally éignificant redu;tion. The incidence of sill override
decreased by a significant 25 percent when cars of the first 5 years

with beams were compared to cars of the last 5 years without them; for

the unrestricted éample the reduction in sill override was a nonsignifican#
18 percent. From these results, it seems likely, although not certain,
that Standard 214 reduced the incidence of sill override by about 20
gerﬁent. Thus, Hypothesis 3 (sill override prevention) seems to be at

least partially valid in highway accidents.

: : [}
What prpportion of thevoverall crush reduction in multivehicle

. B '.
crashes can.be attributed ro Hypothesis 5/ Based on the effect of sill
override on crush in staged crashes, the incidence of sill override in
pre-Standard 214 cars and the reduction observed for Standard 214, it is

estimated in Section 9.6 that 13 percent of the overall crush reduction

in multivehicle crashes is attrihutable to sill override prevention.

40



TABLE 2-5

REDUCTION, FOR STANDARD 214, IN SILL OVERRIDE,
GREENHOUSE DAMAGE AND EJECTION

Vehicle Age Range First 2 Model Years First S'Model Years All Cars
with Beams vs. with Beams vs. with Beams vs.
Last 2 w/o them Last 5 w/o them All Cars w/o them

Reduction (%) of

Sill override in multivehicle Crashes 41* 25* 18
Greenhouse damage in single veh.
crashes , 0 13 14
Occupant ejection through doors
X * *
In single-veh. crashes 68 75 56
* *
In multiveh. crashes 12 56 72
Door opening during impact
In single-veh. crashes 20 38 40
In multiveh. crashes . 21 36* 41%
Latch or hinge damage
*
In single-veh. crashes 19 8 11
In multiveh. crashes . 1 5 2

*Statistically significant reduction
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The remainder (87 percent) of the crush reduction, then, must be
attributed primarily to Hypothesis 1 (crush resistance), since as noted
before, Standard 214 did not appear to be c¢ffective in deflecting a

striking vehicle.

Table 2-5 indicates that cars of the first 2 model years with
beams had the same incidence of greenhouse damage in single vehicle
crashes as cars of the last 2 years with beams. In the 5-year and
full-NCSS comparisons, however, greenhouse damage was 13-14 percent less.
common in the pést—standard cars. The reductions are not significant;
moreover, they may be a consequence of Standard 214's tendency to reduce
compar tment daﬁagé generally, rather than evidence of a specific green-
house protection éapability. Thus, the NCSS data do not strongly supporé
Hypothesis 4 (grecenhouse protection), although they do not rule it out. |

(See Section 9.7 for additional discussion.)

Finally, both FARS and NCSS show such a strong reduction of
occupant 9jectioh for Standard 214, especially in fixed object collisibné,

' that Hypothesis 5 (door integrity protection) simply cannot be denied.

In FARS, there were 24 percent fewer fatal ejections in cars
of the first 2.modei years with beams 1n nonrollover side impacts with
fixed objects than in cars of the last 2 years without them (reduction ié
measured relative to frontal tatalitics - see Section 10.3). The
reduction is even hipgher than the corresponding reduction of nonejection -
fatalities (22 percent). Since no major vehicle modification occurred
during those model years other than the installation of beams, this
significant reducpion of ejection must have been a result of Standard 214.

(Specifically, the installation of door latches and hinges meeting Standa}d
206 took placc 4-8 years before the implementation of Standard 214.)
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Likewise, Table 2-5 shows that, on NCSS, occupants of cars
of the first 2‘years with beams were 68 percent less likely to be
ejected througﬁ the door area in a nonrollover, single vehicle side
impact than in cars of the last 2 years without beams. This significant
reduction of door ejection for Standard 214 cars persisted in the 5-year
comparison (75.percent) and in the analysis of the full NCSS (56 percent).
Also, in sing1efvehicle side impacts, the likelihood of ét least one
door opening during the crash decrcased by 20-40 percent for the post-
Standard 214 cars. The llikelihood of damage to at least one latch or

hingéldecreased by 8-19 percent.

This 1s strong evidence that Standard 214, in single vehicle
crashes, helps preserve the integrity of the door structure and reduces
the likelihood of door ejection: a major reason why Standard 214 saves

lives and reduces serious injuries in single vehicle crashes.

The NCSS data on multivehicle crashes do not support equally
firm conclusions about ejection -~ which, in any case, is not a major
injury source'in mul tivehicle side impacts (see Table 2-2), Cars of the
first 2 years wifh‘beamé had a 12 percent lower frequency of occupant
| ejection through doors and a 21 percent reduction in the incldence of door
opening; neither reduction is statistically significant. There were much
larger, statistiéally significant reductions of ejection and door opening
in the 5~year and full-NCSS comparisons, but in these cases it is not
clear that thé reduction is necessarily due to Standard 214, It is
plausible to conclude that Standard 214 may have reduced ejection through
doors by about 20 percent in multivehicle crashes (See Section 9.8 for

further discussion on ejection.)
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2.4.3 Effqgﬁnéfb§£§g§§rd 214 on specific types of injuries

The benefits of Standard 214 in single vehicle crashes are not

limited to reducing ncarside occupants’ torso injuries due to contact with
the side structure. The following effectivei ¢ss estimates for various
types of injuries resulting 1in death or hospitalization are based on

a comparison of all post-Standard 214 NCSS cases to all pre-standard

cases (see Section 10.2). The estimates may be biased in favor of
Standard 214 by about 10-20 percent, for reasons discussed in Section
2.3.2. But even if 10-20 percent is subtracted from each estimate, it

is evident thnf Standard 214 {is at least partilally effective in preventi;g

many types of injuriles.

Torso, arm and leg injuries due to contact with silde interior
surfaces (doors, pillars, armrests, etc.) were 41 percent less frequent
fn post-stanaard than in pre-standard cars. Most of these injuries had
occurred among nearside occupants; for them, the reduction for Standard
214 was 50 percent. This 1s strong evidence that Standard 214 has achieved,
in single vehicle crashes, its stated goal of reducing the incidence of
nearside occupant's torso injuries due to side surface contact. Farside
occupanté experienced a 23 percent reduction of these injuries, indiéating

that Standard 214 may also be partially effective for them.

Head injuries due to contact with side surfaces decreased by
25 percent. Again, most of the victims in pre-standard cars were
nearside occupants; for them, the reduction was 29 percent. Farside

occupants experienced a 16 percent reduction of side contact head injuries.
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Since head injuries are a substantially larger percentage of fatalitics
than of nonfatal serious injuries, the apparent effectiveness of
Standard 214 is reducing them may be a major factor in the standard's

fatality reduction in single vehicle crashes.

Injuries due to contact with frontal components (the steering
assembly, dashboard, etc.) declined by 27 percent. The observed
reduction for nearside occupants was 46 percent, a definite indication
that the standard is at least partially effective. The reduction for
farside occup&nté was only 13 percent and can probably be attributed to

safety gtandards other than 214.

These reductions in head injuries, frontal contacts, and
nearside and fafside occupants' torso injuries due to side contact are
consistent with Hypothesis 2 -- that Standard 214 helps a vehicle scrape
by or be partially deflected from a fixed object. As explained in
Section 2.4.1,;this effect reduces crush depth in the compartment area,
protecting nearside occupants. But, more generally, it reduces the
overall severity of the impact, protecting farside occupants and reducing
the harshnesg of interior contacts. The reduction of nearside occupants'
head injuries could also be evidence for Hypothesis 4 (greenhouse
protection) or it could partly be due to Standard 214's property of
spreading damage from the compartment to other areas. vNearside occupants’
frontal contact injuries were reduced to such a large extent, perhaps,

because many of them occurred after the occupant rebounded from the side

structure.
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Finally, injuries due to contact with exterior objects
decreaseq by 63 percent, consigstent with the large reduction of occupant
ejection (see Section 2.4.,2). TWxterior contact reductions were nearly
identical for nearside occupants (56%) and fafside occupants (73%). The
reduction of ejection may be the primary source of net bénefits for

Standard 214 for farside occupants 1in single vehicle crashes.

lo multivehicle crashes, there was a 33 percent reduction of
nearside occupants' serious torso, arm and leg injuries due to contacting
the side surface in an impact centered on the compartment. Cleariy,
Standard 214 has eliminated a substantial proportion of the injuries
it was designed to eliminate. This effect accounts for virtually all
the benefits of Standard 214 in multivehicle crashes: this type of
injury accounﬁs»for 24 percent of all serious multivehicle side impact
injuries, according to Table 2-2. If about 30 percent of these Injuries
are eliminated, it amounts to eliminating 7 percent of all serious
injuries (i.e.; 30 percent of 24 percent) —- which 1is nearly the entire
overall reduction (8%) attributed to Standard 214 in multivehicle crashes

(see Section 2.3.2).

On thgvother hand, there was no reguction of torso, arm and
leg injuries due to side surface contact for farside occupants or in
impacts that were not centered on the compartment (observed effect: a
10% increase). There was a 1 percent reduction in head injuries due to
slde surface contacts and no change In the injuries due to contact with
frontal camponeﬁts. In short, Standard 214 had no effect on any other

type of injury wi;hin the vehicle.
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This pattern is consistent with the analyses of damage data.
The effect of Standard 214 in nonejection multivehicle crashes is
limited to a reduction of intrusion in compartment impacts, primarily
because of Hypéthesis 1 (increased crush resistance) and partly due to
Hypothesis 3 (sill override prevention). As a result, the injuries that
are most likely due to contact with intruding side surfaces are
significantly mitigated -- 1.e., nearside occupants' torso injuries due
to side surface contact in compartment impacts. But Standard 214 is
apparently not effective in helping to deflect the striking vehicle
(Hypothesis 2)land does not reduce the overall severity of a crash or
modify the car's performance in crashes, other than reducing intrusion.
As a result, there is no significant reduction of any other type of

nonejection injury.

There was a 57 percent reduction of injuries due to exterior
contacts, consistent with the 72 percent reduction of occupant ejection
in the analysis of the full NCSS file (see Table 2-5). Since the
reduction of ejection in the 2 year comparison was only 12 percent, it

is suspected that the large reduction of exterior contact injuries may

be partly due to factors other than Standard 214. Since exterior contacts

accounted for only 5 percent of the serious injuries in multivehicle
crashes (see Table 2-2), the net benefits of their reduction are

relatively small.

The preceding analyses supply 2 reasons why Standard 214 may

not be effective in preventing fatalities in multivehicle crashes, even
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though it reduces serious injuries:

o Head Injuries are very fequently a canae of deaths (much
more so than serlous Injurdes) and they are not significantly mitigated

by Standard 214 in multivehicle crashes.

o In multivehicle crashes, Standard 214 relies on a reduction
of crush depth, mainly due to the door's increased crush resistance. In
an extremely severe impact, the percentage of energy absorbed or
momentum transferred through the door structure (as opposed to
pillars and otﬁer strong components) 1s small and the incréase in this
percentage due to Standard 214 1is too small to appreciably reduce

intrusion velocity.

2.4.4 §3mm§£z

Based on the preceding analyses of damage patterns and specific
injury types, the primary explanation for the effectiveness of Standard
214 in Eiﬂ&lﬁ vehicle crashes is llypothesis 2 -~ deflection of striking
objects. Hypothesis 5 -- rveduction of ejection through doors -~ is also é
major source of benefits. The effectiveness is not limited to nearside
occupants in compartment impacts and includes fatality as well as serious

injury reduction.

In multivehicle crashes, the benefits are mainly limited to a

reduction of nearside occupants' nonfatal torso injuries due to contact
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with intruding side surfaces and are primarily explained by Hypothesis
1 -- increased crush resistance. Sill override prevention (Hypothesis 3)
made a much smaller contribution to benefits. There may also have been

a reduction of ejections (Hypothesis 5).

The overall effectiveness of Standard 214 may be allocated among

the hypotheses as follows (see Section 9.9 for more details):

Casualty Reduction for Standard 214 (%)
In Fixed Object Crashes In Multivehicle Crashes

Nonfatal Nonfatal
Hospitalizations  Fatalities Hospitalizations Fatalities

Crush resistancé Negl. Negl. 6 Negl.
Deflect objects or

vehicles 19 17 Negl. Negl.
Prevent sill override - - ‘l Negl.
Protect greenhousej Possible Possible [ ——

Protect door integ;
rity (prevent ejection) 6 6 1 Negl.

TOTAL 25 23 : 8 Negl.
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2.5 lCosts, benefits and cost-effectiveness

The cost of Standard 214 is the average annual fleetwlde costg
of safety equipﬁent which was actually installed in response to the 7
standard in cars of the type that were sold during 1979-82, The costs

are expressed in 1982 dollars.

The cost includes the net increase in the lifetime cost of
owning and operating an automobile. There are 2 principal sources of

increased cost:

(1) . The initial price increase due to the addedAsafety

equipment

(2) The lifetime iﬁcrease in fuel consumption due to the

incremental weight of the equipment.

The side door beam assemblies of 15 late model cars were torni
down and examinea in detail (see Section 11.1). The price and weight |
increases were estimated for each of them. The price increase includes
materials, labor, tooling, assembly, overhead, manufacturer's and
dealer's markups and taxes. A sales weighted average was used to deterhine
the overall cost and weight, per car, for side door beam assemblies: $§8

and 26 pounds.,
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The preceding analysis was limited to the side door beam itself

and its associated parts. The only other vehicle modification in response

to Standard 214 appears to have been a local reinforcement of the B pillar at

the floor level, or. an equivalent supporting device. This was estimated to

cost at most $2 and weigh about 2 pounds per car. Thus, the total cost

and weight per car for Standard 214 is estimated to be

o $30 (in 1982 dollars)

o 28 pounds

Each pound of weight added to a car results in an extra gallon

of fuel consumption over the lifetime of the average car [29]. At 1982

fuel prices, this results in a penalty whose present value is $1.093 per

added pound. In other words, the average lifetime cost of Standard 214,

including fuel, is $61 per car. Since 10 million cars were sold annually

during 1971-81, the average annual cost of Standard 214 is $610 million.

(See Section 11.1 for more details.)

The benefits of Standard 214 are the fatalities and injuries

that will be prevented annually in highway accidents, as a consequence of

the safety modifications described above, when all cars meet the standard.

The benefits are estimated in Section 11.2 to be the following:

LIVES SAVED in single vehicle crashes
NONFATAL HOSPITALIZATIONS ELIMINATED

In single-vehicle crashes
In multivechicle crashes

TOTAL

"WISTBLE MINOR'" (LEVEL B) INJURIES
ELIMINATED (In multivehicle crashes)

BestrEstimate Confidence Bounds

480 300 to 660

4550 900 to 8200

4920 800 to 9000

9470 4,300 to 14,700
15,000



The cost-effectiveness of Standard 214 is the number of

Equivalent Fatality Units (EFU) eliminated per million dollars of cost,

The EFU is a single quantity that measures the number of lives saved and
hospitalizations prevented by a standard. Each life saved is a benefit

of 1 EFU; each nonfatal hospitalization prevented is a benefit of 0.0592i
EFU (see Section 11.3). The reduction of "visible minor" (level B) inju%ies
was not included in the calculation of EFU, due to the low severity of the

injuries.

Standard 214 was estimated to save 480 lives; that is a
contribution of 480'EFU. It will eliminate 9470 nonfatal hospitalizations;
that is a contribution of 560 EFU. Thus, a total of 1040 EFU will.be
eliminated annualiy when all cars meet Standard 214 (confidence bounds:

700 to 1380).

Since Standard 214 eliminates 1040 EFU and costs $610 million

per year, it eliminates 1.7 Equivalent Fatality Units per million dollars

of cost (confidence bounds: 1.1 to 2.3).

2.6 Comparison with NHTSA's 1979 preliminary evaluation

A preliminary evaluation of Standard 214 was published by NHTSA
in 1979, based on a NCSS file that was less than half complete at that

time [46]. 1t was published with a promise that a followup would be
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perfofmed. The results and conclusions of this report supersedevthe
preliminary evaiuation. Sections 1.3 and 5.5 describe the additional
data sources and analysis techniques that were available for this follow-
up evaluation. Here, however, is a summary of the principal findings

and conclusions of the 1979 report, with comments as to which ones are

still supported by the current results.

Principal Findings - 1979 report:

o The 1979 report estimated that, in the absence of Standard
214, single vehicle side impact fatalities outnumbered multivehicle by 4
to 3. That was based on a NCSS sample of 67 fatalities. The current

report, based on FARS, suggeststhe ratio is the other way.

o The preliminary estimate of serious injury reduction in
single vehicle crashes was 66 percent, published with a warning that it
was likely to change. The current estimate, based on a much larger sample

and new techniques for removing biases, is 25 percent.

o The preliminary report observed a nonsignificant increase

in multivehicle crash injury rates. With the full NCSS, the current

report finds a significant injury reduction.

o Tﬁé earlier report contained two estimates of 1iyes saved:
2800 (based on single vehicle crashes) and 2350 (based on all types of
side impacts). These NCSS estimates were subject to large sampling errors
and biases. It is doubtful that the reductions were really due to
Standard 214. The current estimate of 480 is based on FARS and can be

reliably attributed to Standard 214.
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o The 1979 report estimated that serlous injuries, in single
and multivehicle crashes combined, were reduced by a nonsignificant 17
percent. Thils report contains a virtually identical, but now statisti-
cally significant, estimate of 14 percent (i.e., 9950 out of 73,600

fatalities and hospitalizations were eliminated).

o The preliminary evaluation analyzed intrusion and injury
reduction as a function of the Principal Direction of Force én the vehicle,
Since the current'feport finds that Standard 214 itself significantly
changed the PDOFfs recorded by NCSS investigators (see Section 9.5),

those analyses present a conceptual difficulty.

7

o The preliminary cost estimate was $56 per car (in 1977
dollars), which is equivalent to $79 in 1982 dollars and fuel prices
(see Section 11.1). The estimate was published with a note that costs
were probably aecreasing as a result of downsizing. Indeed, the current
report is based on more recent cars and contains an estimate of $61 in

1982 dollars.

o The 1979 report, after costs are expressed in 1982 dollars,
gave 2 estimates of cost-effectiveness: 2.0 EFU per million dollars
(based on the overall AIS 23 reduction) and 3.6 (based on the AISY 3
reduction in single vehicle crashes and setting the benefits in
multivehicle crashes to zero -- see [46], pp. 20-~21). The current

estimate is 1.7 EFU per million dollars (confidence bounds: 1.1 to 2.3).
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Conclusions ~ 1979 report:
o The 1979 report concluded that Standard 214 is effective
in single vehicle side impacts. The current report strongly supports

that conclusion.

o The earlier report concluded that Standard 214 "accomplished

its purpose’ of reducing intrusion in oblique crashes. As noted above,

the current report finds conceptual difficulties with such a conclusion.

On the other hand, the current report concludes that Standard 214
"accomp@ished its goal" of reducing depth of intrusion and nearside
occupants torso injuries due to contact with intruding side structures

in both single and multivehicle crashes,.

o The preliminary report concluded that a large percentage
of seri&us c55ualties involved collisions with fixed objects and/or
obliquejforces. Somewhat analogous are the findings of this report
that neérside occupants' torso injuries due to contact with intruding

side structures in multivehicle crashes account for fewer than 25

percentiofvfatalities and serious injuries.

o The earlier report concluded that Standard 214 is effective

in singie vehicle crashes because it enables a car to ''slide by" a fixed
object. The current report strongly supports this conclusion, presenting

evidencg of this effect in NCSS damage data and staged crashes.

o The 1979 report concluded that Standard 214 is significantly

less effective in multivehicle than in single vehicle crashes. Although
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the current report finds a significant benefit for Standard 214 in
nonfatal multivehicle crashes and the effectiveness estimate in single
vehicle crashes is lower than before, it still supports the earlier

conclusion strengly, especifally in fatal accidents.

2.7 Strengths and weaknesses of the evaluation

The pfincipal strength of the evaluation was the high degree
of consistenéy between the statistical results on fatality and injury
reduction, the detailed analyses of side structure performance in
crashes and specific types of injuriles, and the explanations of
Standard 214 effectiveness based on engineering analyses and staged

crashes,

Seven years of FARS data contailned so many fatalities that it
was possible to restrict the analysis to the year (or 2 years) before
and after Standard 214 implementation and to obtain estimates of fatality

reduction that could reliably be attributed to Standard 214.

The complete NCSS file, in combination with the analysis
techniques devéloped for this evaluation, made it possible to obtain
statistically‘teliable results on serious injury reduction and conduct
a detailed séarch for and removal of potential biases in the estimates.
The NCSS‘file‘was of ample size for the analyses of damage patterns. On
the other hand, 4 larger file would have improved the anaiyses of overall
and spo&ific.{njury reduction: 1t would have made 1t possible to rely

entirely on cars built just before or after beam implementation, as with
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y
FARS. Instead, it was necessary to analyze injury reduction for
restricted and unrestricted age ranges. The analyses acted as useful

checks on each other, but they made the work more complicated.

Detailed cost analyses were limited to the side door beam
assembly, An approximate cost and weight estimate was added for local
reinforcements at the floor of the B pillar, or equivalent supporting
structures. .It appears from the literature that thesexwere the only
major side structure modifications made in response to Standard 214 in
cars during 1969-82, but cost estimates might have to be revised if there

is evidence that other changes were made because of Standard 214.

Finally, the approach of performing separate effectiveness
analyses for 3 major classes of side impacts -~ all nonrollover single
vehicle crashes (including farside occupant and noncompartment impacts);
all multivehicle crashes; nearside occupants in multivehbicle compartment
impacts (with a narrow definition of 'compartment impact') -- proved to
be suitable in ﬁiew of the quite different injury mechanisms and

hypothetical actions of Standard 214 in the 3 crash types,

2.8 Conclusions

The analyses of this evaluation, which have isolated the effects
of Standard 214 from other safety standards (201, 203, 204, 205, 206,
208~210, 216) and vehicle modifications (pillared hardtops, type of body
structure, number of doors), support the following conclusions on the

effect of Standard 214:
Single-vehicle side impacts

o Standard 214 has signi{icantly reduced fatalities apd serious
injuries in single vehicle crashes.
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o The standard has helped cars '"glance by'" fixed objects,
limiting the.dahage in the compartment area and spreading it to less
vulnerable regions of the car. It has reduced the overall severity of.
the collision, not only for persons sitting next to the damaged area but

also, to a lesser extent, for the other occupants.

o 1t has thereby also helped protect the integfity of the
door structure, significantly reducing the risk of occupant ejection,

even in potentially fatal crashes.

o The standard has accomplished the goal of reducing nearside
occupants' torso, arm and leg injuries due to contact with the car's

side structure.

o But the standard's benefits also extend to head injuries,
contacts other than the side structure, and farside occupants, because it
has made crashes generally less severe and it has réduced ejection. For
these reasons, 1t has significantly reduced fatalities as @ell as nonfatal

serious injuries,

Multivehicle side impacts
o Standard‘214 has significantly reduced nonfatal serious

injuries and nonserious injuries in multivehicle crashes.
o It has had little or no effect on fatalities.

o0 The standard has reduced side structure intrusion when the
car is directly impacted in the compartment by another vehicle. The

reduction is primarily a consequence of increased crush resistance.
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o It does not appear to significantly promote deflection
of the striking vehicle -- the effect that was prominently displayed in

fixed object collisions,

o The standard may have been partially effective in preventing
the striking vehicle from overriding the sill. This effect, at best,
accounts for only a small portion of the standard's benefit in multi-

vehicle crashes.

o The standard may have reduced occupant ejection ~- a mechanism
that accounts for a much smaller percentage of the injuries in multi-

vehicle than in single vehicle crashes.

o The standard has accomplished its goal of significantly
reducing nearside occupants' torso, arm and leg injuries due to contact
with side structures in compartment impacts. These lesions constitute a

large portion of the serious nonfatal injuries but a much smaller portion

of the fatalities.

o But the standard appears to have had negligible effect on all

other types of injuries (except, possibly, ejections).

o The standard has had negligible effect on fatalities,
primarily, because it has not significantly reduced head injuries and also,

perhaps, because the added crush resistance in the doors, without other

major modifications, 1s of little use in extremely severe crashes.

o Although Standard 214 has had significant benefits in multi-

vehicle crashes, they are exceeded by the benefits in single vehicle crashes.
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CHAPTER 3

THE SIDE IMPACT SAFETY PROBLEM

Impacts to the side of a passenger car rank second only to frontal
crashes as a s§urce of occupant fatalities and serious injuries, This
crésh mode is especially dangerous Qhen the impact 1s on the passenger
compartment because there is relatively little energy;absorbing "metal"

between the occupants and the point of contact.

The first part of this chapter establishes the magnitude of the
‘safety problem: the'number of fatalities gnd serious injuries per year
that would be occurring if Standard 214 had not been promulgated, as
estimatea from Fatal Accident Reporting System (FARS) and National Crash
Severity S;udy (NCSS) data, respectively. The second part is a review of
the engineering literature and staged test experience. It describes the
injury mechan;sms in side impacts and the vehicle factbrs:which aggravate
injury riskf In the last part, the relative importance of the various injury
mechanisms and contributing factors is statistically assessed, based on

NCS5, FARS and General Motors accident data.

3.1 The number and severity of casualties in side impacts
3.1.1 = Fatalitiles

The 1980 FARS file, the last year for which complete records
were available (as of July 1982) is chosen as the "base'" for the fatality
estimate. It contains records of 7668 passenger car occupant fatalities
whose cars were explicitiy stated to have had primary damage in the side.

(In other words, the primary impact point was coded 2-4 6r‘8—10.) An

estimate of the number of fatalities that would have occurred in 1980

if Standard 214 had not been promulgated 'is obtained by adding the number
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of lives that the standard is currently saving (if any) plus a prorating
of the fatalities with unknown damage location. The estimation is performed

separately for single-vehicle and multivehicle crashes.

There were 2910 passenger car fatalities on the 1980 FARS.

explicitly stated to have occurred in a single-vehicle crash involving

a car that was damaged in the side. Based on formulas and procedures
documented {n Section 11.2.1, that actual count should be augmented ‘by
approximately 100 single-vehicle crash fatalities of unstated crash modes
(prorated according to the distribution of known crash modes) and 350

lives that were saved by Standard 214. This gives an estimate of 3360
fatalities that would have occurred in single-vehicle side impacts in 1980,
in the absence of Standard 214. There is very little statistical uﬁcertainty
about this estimate because the vast mafority of the fataiities (2910)
actually happened and were reported on FARS: the confidence bounds for the

estimate are 3210-3510 (one-sided ¢ = .05; see Section 11.2.1).

There were 4758 actual fatalities on FARS that were stated to

have occurred in cars damaged in the side in a multivehicle accident.

That count should be augmented by 50 of the multivehicle crash fatalities
with unknown impact site, yielding a total of 4808 deaths that actually
occurred in 1980. Since this evaluation makes no claim that Standard 214
saves lives in ﬁultivehicle crashes, it is concluded that essentially 4808
deaths would also have occurred in 1980 even if Standard 214 had not

been promulgated.

The total number of side impact fatalities that would have

occurred in 1980 1s 8168, the sum of the deaths in single-vehicle (3360)
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In single-vehicle crashes
Nearside occupants

Farside occupants
In multivehicle crashes

Nearside occupants

Farside occupants

TOTAL

*Confidence bounds: 3210 - 3510 (one-sided K=.05)

TABLE 3-1

NUMBER OF SIDE IMPACT FATALITIES THAT

WOULD HAVE OCCURRED IN 1980, IF STANDARD

214 HAD NOT BEEN PROMULGATED, BY NUMBER

OF VEHICLES AND OCCUPANT LOCATION

N of Deaths

Ve

3360%

4808

8168

63

Percent of Subtotal

58

42

69

31



and multivehicle (4808) crashes. That is about 30 percent of all passenger

car occupant fatalities.

Table 3-1 shows that 58 percent of the fatalities in single—ﬁehicle
crashes were nearside occupants. A ''nearside" occupant is one who sat;
adjacent to the side of the car that was struck - i.e., a driver or 1eft—rear
passenger in a‘left-side impact; a right-front or right-rear passenger%
in a right-side impact. Nearslde occupants are especially vulnerable
because they ére likely to make immediate contact with a damaged and
possibly intrﬁding side structure. All other occupants, including thoée'
in center-seat positions are ''farside'" occupants; they accounted for 42
percent of the single-vehicle crash fatalities. In multivehicle crashés,
the predominancé of nearside fatalities was even greater: 69 percent.;

(The distribution of fatalities by seat position is based on the columq

totals in Tabies 6-3 and 6-4).

3.1.2 Hospiﬁalizations

The National Crash Severity Study (NCSS), a large sample of
towaway crashes investigated in 1977-78, is used to obtain estimates of;
the number of'serious injuries - fatalities anﬂ (at leas;) overnight
hospitalizations - that would have happened in 1980 if Standard 214 had not
been promulgated. The file is described in more detail in Section 7.1:
and in [44], pp. 138-148. The estimation formulas, which are similar to
those used in the steering column evaluation ([44], pp. 68-73, 185-186 énd
203-204) are documented in Section 11.2.2. Essentially, the number of casual-
ties in NCSS predicted by the models of Section 7.5 i1f no cars meet St;ndard
214 are multiplied by the ratio of actual 1980 passenger car fatalities

(from FARS) to the fatalities on NCSS (with appropriate correction factors).
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Note that the estimates in this section include hospitalizations and
fatalities. For estimates of nonfatal hospitalizations, the fatality
estimates from Section 3.1.1 should be subtracted from the estimstes 1in

this section.

All crashes that are primarily rollovers are excluded throughout

the NCSS analyses.

It is estimated that a total of 73,600 side impact fatalities
and hospitalizations would have occurred in 1980 if Standard 214 had not
been promulgated (confidence bounds: ’67,300—80,000). Just over 8000
of these casualties would have been fatalities (see Table 3-1); the

remainder, hospitalizations.

An estimated 20,100 of the side impact casualties occurred in

single-vehicle crashes (confidence bounds: 16,400 - 23,800). Thus,

single-vehicle'érashes account for a smaller proportion of the fatalities
and hospitalizations (20,100 out of 73,600, or 27%) than of the fatalities
alone (3360 out of 8168, or 41% ~ see Table 3-1). The reg;ining 53,500
casualties occurred in cars that were struck in the side by another

motor vehicle (confidence bounds: 48,L00 - 59,000).

The NCSS data make it possible to distinguish nearside and
farside occupants and, moreover, whether or not the impact was centered

on the passenger compartment. Compartment-centered crashes pose an

exceptional hazard to nearside occupants, who are likely to come into

immediate contact with the intruding side structure of the compartment

(see Section 3.2). Throughout this evaluation, a more restrictive definition
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of "compartménﬁ—centered craéh" is used than in earlier reports. Here;
it 1s those cfashes in which the midpoint of the damage is within a

zone extending from 45 inches in front of the midpoint of the car to

15 inches behiﬁd the midpoint. 1In earlier studies [11], [40], [43], [Aﬁ],
"compartment crashes'" included any car whose damage at least partially
overlapped ﬁhé compartment. The earlier definition resulted in the |
inélusion of many crashes 1in which compa;tment damage is so peripheral .

as to be irreievant to vehicle structure performance and injury causation.
Thé appropriatepess of the more restrictive definition for the evaluation
of Standard 214 is born out in Sections 9.3.3 and 10.1, where it is

shown that the standard has essentlally no effect in multivehicle crasﬁes

when damage is not centered on the compartment.

The net effect of the new definition, however, is that a smaller
percentage of side impact casualties are ''mearside occupants in comparﬁment
crashes” than.was indicated by previous reports. The implication, as ;
will be discussed further in Sections 3.2 and 3.3, is that the safety
problem associated with intruding side structures may be somewhat smal;er

than was indicated in earlier reports,

Tabie 3-2 shows that 36 percent of the fatalities and hospitplizations
in single-vehicle crashes are nearside occupants of cars with damage
centered én the passenger compartment, Another 17 percent are nearside
occupants of cars where the midpoint of the damage was outside the door

zone and 47 percent are farside occupants.

The distribution of casualties in multivehicle crashes is nearly

identical: 137 percent are nearside occupants in compartment impacts.: Since
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- TABLE 3-2
NUMBER OF SIDE IMPACT FATALITIES AND
HOSPITALIZATIONS THAT WOULD HAVE
OCCURRED IN 1980, IF STANDARD 214
HAD NOT BEEN PROMULGATED, BY NUMBER

OF VEHICLES, OCCUPANT LOCATION AND IMPACT SITE

N of Deaths and Confidence Percent of
Hospitalizations Bounds* Subtotal
In single-vehicle crashes 20,100 16,400 - 23,800
Nearside occupants - damage centered
on compartment 36
Nearside occupants - damage not
centered on compartment 17
Farside occupants B 47
In multivehicle crashes 53,500 48,100 - 59,000
Nearside occupants.- damage centered
on compartment (19,700) 15,800 - 23,600 37
Nearside occupants - damage not
centered on compartment . 20
Farside occupants ‘ ,. 43
TOTAL 73,600 67,300 - 80,000

*One~-sided X =.05
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this category is shown to be especially relevant to the evaluation of
Standa;d 214 (see Chapters 7, 9 and 10), its magnitude is separately
estimated im Section 11.2.2. That estimate i1s.19,700 nearside casualties

in multivehicle compartment crashes (confidence bounds: 15,800 - 23,660).
Another 20 percent of the multivehicle crash casualties are nearside
occupants in cars with damage not centered on the compartment and 43 percent

are farside occupants.

(The percentages in Table 3-2 are derived as follows: for single
-vehicle crashés, they are the actual percentage distributions of the
178 pre-Standard 214 casualties on NCSS. For multivehicle crashes, separate
estimates are obtained in Section 11.2.2 for all crashes and for nearside
occupants in compartment crashes. The latter estimate is 37 percent of
the former. The remaining 63 percent is apportioned among nearside-noncom-
partment and farside according to the actual distributions of the 302‘pre-Stan—

dard 214 casualties in these two categories on NCSS,)

3.1.3 AIS distribution

Tabie 3-3 shows the distribution of Abbreviated Injury Scalé [l]
ratings for occupants of pre-Standard 214 cars who were hospitalized
but survived a side impact (single vehicle, multivehicle‘aﬁd nearside;
occupants in multivehicle compartment impacts). In tﬁis table, the '
occupant’s AILS rating is the rating given to his most severe injury
(i.e., not the "Overall AIS" which has been used in other studies).

Table 3-3 is based on actual counts In pre-~standard cars on NCSS.

In single-veliicle crashes and for nearside occupants in multivehicle

compartment crashes (the two most severe impact types) the median AIS,‘after

68



TABLE 3-3
AIS* DISTRIBUTION OF NONFATAL HOSPITALIZATIONS,
SIDE IMPACTS OF PRE-STANDARD 214 CARS,

BY IMPACT TYPE, NCSS

Percent of Cases

AlS
Rating of In Single-Vehicle In Multivehicle Nearside Occupants
Worst Injury Crashes Crashes in Multivehicle

: Compartment Impacts
(N=133) (N=378) (N=116)

4 or 5 | , 15 10 16

3 29 23 29

2 24 26 23

1 8 16 11

unknown - ' 24 25 21

*Abbreviated Injury Scale [1] rating of most severe injury.
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unknowns are excluded, is AIS 3. It could be said that '"a nonfatal
hospitalization 1s roughly equivalent to an AIS 3." Life-threatening injuties
- AIS 4 or 5 - outnumber minor injuries (AlS 1) among the nonfatal hospitali-

zations.

In all types of multivehicle crashes, the nonfatal hospitalizations
are, on the average, less severe than in the preceding categories. The

median AIS is 2.

A rough estimate of the absolute numbers of life-~threatening,
but nonfatal, injuries can be obtained by applying the peréeﬁtages of
AIS 4 or 5 in Table 3-3 to the estimates of nonfatal hospitalizations (froﬁ
Tables 3-1 and "3-2). 1t appears that the number of life-threatening
nonfatal injuriés is roughly the same as the number of fatalities -viz.,

about 3000 in single-vehicle and 5000 in multivehicle crashes.

3.2 Injury mechanisms and contributing factors - a literature review

: Refer to Section 4.1 for a description of components of the side

structure.

3.2.1 Injury mechanisms

The source of injury most frequently described in the literaturé
is a nearside occupant's contact with 'the car's intruding side structure
when it is strﬁck in the compartment areé by another car or a light trucﬁ.
Essentially, thé:following sequence of events takes place: a car or light
truck, travelling with impact velocity V, hits the occupant's éar in the
door area. The door provides relatively little resistance to the strikiﬁg
vehicle and, soon, it is moving at a velocity close to V relative to
the remainder of the occupant's car and the occupant - if.is now an
"intruding' door structure. In some cases, the intruding door will contéct

the nearside occupant, at a velocity not much less than the striking car's
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impact speed, while the occupant is still stationary with respect to the
remainder of his car. In other cases, momentum transfer from the striking
to the struck thicle has proceeded to the point where the,oécupant has
begun to move‘relative to the undamaged parts of hié car - nevertheless,
even in these cases, the door is still moving faster than the rest of the
occuﬁant's car at the time the occupant makes contact. Later on in the
crash sequencg; the mass of the occupant's car will have slowed down the
striking vehicle to a velocity far below V, as the striking and struck
vehicles reach a common velocity and the door becomes stationary relative
to the struck vehicle; but this happens too late, because the occupant
already contacted the door long ago, while it was still moving at a high

relative velocity.

In short, the velocity of the door/occupant contact was substan-
tially higher than Delta V (the eventual velocity change of the entire
struck vehicle) and not much lower than the striking vehicle's impact

velocity. Tﬁis, above all, is what makes side structure intrusion a safety

hazard.

Some early studies that made reference to the velocity of
intruding side structures include States and States [77] and Lister and
Neilson [517. éubsequently, intrusion was studied in crash tests, where
the velocity~time history of various parts of the vehicle and a simulated
occupant could be monitored in detail. The studies confirmed the reality
of the injury mechanism described above [10], [36], [58], [78]. Additional
testing by Kitamura et al [48] and Provensal and Stcherbatcheff [68]

established a linear relationship between

o door Intrusion velocity

o maximum intrusion depth (at certain points)
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o Qummy chest and lower body acceleration
~i,e., a correiation of intrusion depth and injury severity, all other
factors being held equal. Cesari et al showed that‘a significant reduction
of nearside occupant injury could be achieved in crash tests by equipping the

struck vehicle with an intrusion-resistent shield [10].

There are many situations, however, where "intruding side
structures' céﬁnot be logically identified as the principal injury mechanism,
A farside occupant will normally not contact the door until it has
stopped movingfrelative to the undamaged portions of the car. Intrusion
is absent or of limited importance in impacts that are wholly or primarily
outside the passenger compartment. In a fixed object collision that brings
the car to a full stop, impact velocity and Delta V are the same, so the
velocity of door/occupant contact cannot exceed Delta V. Thus, the
situation where door intrusion is really important is the nearside
occupant in a multivehicle crash with damagé centered on the compartment.
This is why that group of occupants 1s singled oﬁt for special attention

throughout the evaluation,

Moreover, even for that group of persons, door intrusion is
much less likely to affect head injury risk than chest and, especially, .
pelvis and leg injury - as was shown in crash tests [10], [48] and accident

analyses [13].
The second major injury mechanism that must be considered is

head injury - due to a wide variety of contact sources within the vehicle.

generally unrclated to side structure intrusion. The high incidence of

72



head injuries was apparent to those who studied accident data [6], [9].
States specifically identified head injuries due to contact with door
window glass and the frontal interior of the car (windshield, dashboard,
etc.) [771. Mehta et al showed the predominance of head injuries as a
cause of death on the General Motors file [57]; Hartemannlet al found them
to be predominant ambng AIS <4 injuries in France [36]. In other words,

head injuries are common at both high and low severity levels.

Occupanﬁ'ejection is the third major source of injuries and,
especially, fatalities [6]. Mehta et al found that 17 percent of the AIS2> 4
injuries in nonrollover side impacts on the Genmeral Motors file were ejectees;
door ejection was the most common route [57]. Melvin found cases of partial

ejection through windows [58].

There are numerous other injury sources in side impacts. Lister
and Neilson observed that occupants might contact almost any part of the
vehicle interior, because of the wide variety of principal direction of
force and vehicle rotation in side impacts [51]. Moreover, in an oblique
crash, occupants ﬁay rebound from the side structure and contact frontal
surfaces (such as the steering wheel). States [77] and Meﬁta [57] found
that some of thetmost serious injuries‘are due to actual contact with the
impacting vehicle or object, eithef because the side window shattered or

because of a complete opening in the side structure.

Even when side structure intrusion is not a major contributing
factor (i.e., in impacts not centered on the compartment or in the case of
farside occupants), contact with the side structure can produce serious

injury 1if the crash 1s sufficiently severe.
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The side interior surface contains protrusions which, to a greéter
or lesser degree, may cause serious injury when contacted by occupants: iarm-
rests, hardware such as window cranks, the pillars, window frames and

roof side rails.

Finally, noncontact injuries to the neck and back (resembling °
whiplash) may require hospitalization and in some cases fatally injure the

spinal cord.

- 3.2.2 Cohtributing factors -

Tﬁe obvious reason why impacts to the passenger compartment aré more
likely to result in serious injurles than, say, frontal or rear impacts bf
the same velocity is ;hat the principal structure between the occupants and
the impacting véhicle or object - the door -~ is neither strong nor deep :

(relative to frontal and rear structures of a car) [18 ], [58 ].

In addition to being not very strong by itself, the door does
not adequately transmit the impacting force to the strong part of the side
structure: the sill, pillars and roof rails. Above all, forces in multivehi—
cle vcrashes are not adequately transmitted to the sill, which 'is the moét
crﬁsh resistant part of the side structure, because the striking vehicleﬁs
frontal structure often overrides the sill without significant engagemenﬁ.
The critical-impdrtance of sill override was repeatedly stressed at the '
8th conference on experimental safety vehicles [411], [48], [68] as well
as other conferences [ 301, [31], [ 35]. Pillars and roof rails also
absorb insufficient energy, especially in cars of hardtop and/or unitize&
design [ 51], [ 77]. The seating systems of most current vehicles do not

act as load-bearing structures in side impacts [ 51].
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The preceding factors may be called "structural" or "emergy
management' problems. The remaining factors pertain to "occupant packaging."
It is w%dely felt that the side interior surface of existing vehicles does
not contain sufficient padding to prevent serious injury in many crashes
of relatively low severity and with little or no intrusion [13 ], [30 1, [351.
Side windows are criticized for shattering easily and not restraining or
cushioning the occupant's head in the manner of a High Penetration Resistant
windshield [58 7, [76 1, [77 1. safety belts are not necessarily designed with
a view toward side impact protection and, specifically, are not designed
to protect occupants from an intruding door [51 ], [58 ]. (Note, however,
that safety belts were found to be effective in statistical analyses of
side impact accident data [72 ].) Finally, deformation of the side interior
surface as a result of crash damage can make this surface even more hostile

to. the occupants [51 ].

3.3 Statistical assessment of injury mechanisms

Data on the contact points and body regions of injuries on the
NCSS, FARS and General Motors files allow a quantitative assessment of
the relative magnitudes of the injury mechanisms described in Section

3.2.1.

3.3.1 Contact sources of serious injuries

Table 3-4 shows the distribution of specific injury éontaét sources
in pre-Standard 214 cars on NCSS that resulted in fatality of hospitalization.
One or more injuries may be included for each person who was killed or
hospitalized: an injury is included if it is one of that person's 3 most
severe injuries and is rated AIS) 3 or has the same AIS as the most

" severe injury (sce Section 10.2.1 for more details). The table includes
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TABLE 3-4
CONTACT SOURCES OF SERIOUS* INJURIES,
SIDE IMPACTS OF PRE-STANDARD 214 CARS,

BY IMPACT TYPE, NCSS

Percent of Serious* Injuries

Contact NCSS
Source ' Codes In Single-  In Multi- Nearside Occ.
‘ Vehicle Vehicle in Multiveh,
Crashes Crashes Compartment Impacts
(N=200) (N=492) (N=181)
Instrument Panel,v 1 10 9 3
Steering Assembly 2 12 12 . 8
Windshield : 3 6 2 1
Other frontal 4 - 14 6 5 2
Subtotal: frontal auffaces 34 28 14
Side interior surlace (geaeral) 15 26 33 53
Armrests, hardware 16,17,22 3 8 13;
Pillars . 18 - 21 5 3 4
Window glass | 23 5 5 5
Window frame, roof rail 24,32 3 3 3
Subtotal: side surfaces 42 52 78
Other interior compoments 25,33 - 42 2 © 2 :
Exterior to car 43 - 46 16 5 3
Occupants, cargo 30 - 31 - 1 - '
Noncontact injury 9(, 6 7 3

*Resulting in fatality or hospitalization; up to 3 injuries per
person may be included
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distributions for single vehicle crashes, multivehicle crashes and for
nearside occupants in multivehicle compartment impacts. As noted earlier,

rollovers have been excluded,

Contacts with objects on the side interior of the vehicle

account for 42 percent of the serious injuries in single vehicle crashes -

a plurality but -not a majority. Components on the front interior of the car
(steering wheél, windshield, etc.) are almost as frequent, accounting for

34 percent of the injuries. Exterior objects (mostly ejection but also

some objects that penetrate into the car) are the source of 16 percent

’

of the injuries.

Thé most frequent individual NCSS contact code in sinélé vehicle
crashes is "side interior Burface”; a broad contact of the occupant's
body with the door’area, not restrictéd to any specific component. It caused
26 percent of the injuries. More concentrated contacts with individual
components onvthe side - armrests, hardware, pillars, window glass,
window frames and railings ~ added up to 16 percent of the casualties. So

did the exterior contacts.

In multivehicle crashes, side surfaces account for a slim majority

of the injuries - 52 percent, Frontal contacts are about as important
(28 percent) as in single vehicle crashes but exterior objects are much
iess'important (5 percent). 1In fact, exterior objects are less common as

an injury source than noncontact injury (7%).

'

Again, "side interior surface" is the most common individual code,
with 33 percent of the Injuries. FEight percent of the casualties are specifically

traced to the arwrest or door hardware.
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For nearside occupants in multivehicle compartment crashes, the
overwhelming majority (78 percent) of injuries involve contact with side
surfaces. ‘Frontal contacts account for 14 percent of the injuries and

exterior objects, 3'percent.

A single code, "side interior surface,"

accounts for more than - -
half of the injuries (53 percent). Armrests and hardware (13 percent) are

nearly as important as all frontal contact points, combined.

Table 3;4 shows that, even though side surfaces rank no. 1,
frontal componenté are an extremely common injury source in all types of
side impacts, espécially single vehicle crashes. Ejection is more often a ;
problem in single vehicle crashes than in multivehicle crashes. Contacts
with individual, possibly hostile components including armrests, hardware,
window glass, pillaré, window frames and roof rails each account for a share
of the serious injufies. Noncontact injuries (such as whiplash) are also
found among the serious casualties. The substantial numbers of .side contaci
casualties in crash modes other than nearside-multivehicle-compartment
iﬁpacts show that serious injuries can result from these contacts even wheng
intrusion is not an important factor. Thus, all of the injury mechanisms

discussed in Section: 3.2.1 seem to be represented in Table 3-4.

3.3.2 Body region and contact source of serious injuries

Table 3-5 retains the four broad categories of contact sources
employed in Table 3-4 ~ frontal, side, exterior, other - and further subdivides

the injuries in the first two categories by body region.

78



TABLE 3-5

) *
CONTACT SOURCE AND BODY REGION OF SERIOUS INJURIES, SIDE
IMPACTS OF PRE-STANDARD 214 CARS, BY IMPACT TYPE, NCSS

*
Contact ~ Body ‘ , Percent of Serious Injuries
Source Regign In Single- In Multi- Nearside Occ.
" Vehicle Vehicle In Multiveh.
_ ‘ Crashes Crashes Compartment Crashes
N (N = 200) (N = 492) (N = 181)

Frontal interior surfaces

Head, face, neck 12 9 2

Chest, arms 12 12 7

Lower body 10 7 5
Side surfaces

AHead, face, neck 15 13 14

Chest, arms 12 23 , 33

Lower body ' 15 16 31
Exterior to car 16 5 3
Other , 8 14 ' 5

*
Resulting in fatality or hospitalization; up to 3 injuries per person

may be included.
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Three body regionsvare defined:
o head, face and neck
o chest, arms, shoulders

o lower body: abdomen, pelvis, legs

For nearside occupants in multivehicle compartment crashes, 64
percent of the serious injuries involve chest or lower body contact with side
surfaces. This, specifically, is the group of injuries where side structufe
intrusion is most likely to have been an important factor. 1In Table 3-2,
it was shown that 27 percent (i.e., 19,700 out of 73,600) of side impact
fatalities and hospitalizations were nearside occupants in mulfivehicle
compartment crashes. 1If, in turn, 64 percent of their injufies were
significantly influenced by side structure intrusion, it means that 17 percent
of all side impact injuries (i.e., 647 of 27%) are strongly influenced by side
structure intrusion. In other words, 83 percent of the casualties are
apparently not too strongly influenced by the degree of intrﬁsion. Thus,
Table 3-5 confirms that intrusion 1is one of the most important injury
mechanisms in side impacts, yet at the same time sets a limitation on its

importance.

Table 3-5.Shows that head injuries account for substantial propoitions
of the serious injuries in side impacts. Head injuries from side surface
contacts, alone, are 15 percent of all serious injuries in single vehicle crashes
and 13 percent in multivehicle crashes. There are almost equally large

numbers of head injuries due to frontal contacts.

3.3.3 Body region and contact source of fatal and life-threatening injuries

Table 3-6 shows the distribution, by contact source and body region,

of fatal lesions and of life-threatening (AIS 4-5) nonfatal lesions. It usés
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TABLE 3=6

CONTACT SOURCE AND BODY REGION OF FATAL AND LIFE-THREATENING

INJURIES, SIDE IMPACTS, POST-STANDARD 214 CARS

(Based on General Motors and FARS accident data)

Contact
Source

Frontal interior surfaces

Side surfaces

Ejection
Exterior object (nonejection)

Other

Body
Region

Head
Torso, legs

Head
Torso, legs

81

Percent of
Fatalities

[o,8

26
25

17

12

Percent of Nonfatal
AIS 4-5 Injuries

16
39

17



almost the same format as Table 3-5 (hospitalizations). The percentages ﬁn
Table'3—6, which are for all types of side impacts combined, should be coipared
to an average of the first two columns of Table 3-5 (single and multivehicle

crashes).

The percentage of life-threatening injuries due to contact with side

iﬁterior surfaces (55) is not too different from the percentage of hospitali-
zations due to that source. Moreover, 39 percent of the lifehthreateniné
casualties are torso casualties due to side surface contact;vl6 percent are
head injuries. This is about the same ratio of torso to head injuries as in
the hospitalizafions due to side surface contact. A relatively larger pdrtion
of life-threaténing injuries, than of hospitalizations, is due to ejection
(17%) and penetrating exterior objects (5%). A relatively smaller percentage
is due to frontal and other contacts. Still, by and large,:the distribuﬁion

of life—threateﬁing,injuries is close to that of all hospitalizing casualties.

The fatality distribution presents some contrasts. The majoriéy of
fatal lesions dueito side surface contact are head injuries (26 out of 51
percent). Exterior objects entering the passenger compartmehf are a majér
source of fatal iﬁjuries (12%). Many of these lesions are also head injéries
involving motion to'the side. Torso and leg injuries due to coﬁtact witﬁ side
surfaces ~ the tyée:of injury most likely to be reduced by strengthening:the

side structure - account for just 25 percent of fatalities..

Table 3-6 was based primérily on Figures 12, 31 and 32 of Mehté's
analysis of General Motors' accident data [57 1. Figure 12 indicates that

17 percent of AIS 4-6 injuries in nonrollover side impacts are due to ejection.
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FARS indicates a similar percentage for fatalities alone, so the 17 percent
figure was_used for both fatals and AIS 4-5 in Table 3~6. The remaining 83
percent of casualtiés were subdivided according to the percentages in Figures
31 and 32 (but ékcluding the "other" and '"unknown'" categories in Figure 32).
Mehta had approximately 100 fatalities and AIS 4-5 injuries, each, with

known contact source and body region, which is a larger sampie‘than NCSS.

The GM cases, however, are almost all post-Standard 214 cars, whereas all

other tables in this chapter are based on pre-standard cars.

3.4 Statistical analysis of factors contributing to injury risk

The NCSS. injury rates and distributions presented here are a

companion to the discussion of contributing factors in Sectioﬁ 3.2.2,

3.4.1 Number of vehicles In the accident, occupant location and impact site

Table 3—7, which is based on tabulations of occupants of pre-Standard
214 cars on NCSS, shows that single-vehicle side impacts, when they occur, are
about twice as likely to result in serious injuries as multivehicle side impacts.
Nearside occupants in impacts centered on the compartment are nearly 3 times as
likely to be seriouély injured as nearside occupants in other impacts or
farside occupants;' This ratio holds true in both single and multivehicle
crashes and demonstrates the extreme vulnerability of persons seated adjacent

to a deforming side structure.

Since the less risky impact modes (noncompartment crashes, farside
occupants) are more common (as indicated by N of persons in Table 3-7), they
account for relatively high proportions of all casualties despite their lower

injury rates (sece Table 3-2).
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TABLE 3-7

INJURY® RATES 1IN SIDE IMPACTS OF PRE-STANDARD 214 CARS, BY NUMBER OF:V
VEHICLES IN THE ACCIDENT, OCCUPANT LOCATION AND IMPACT SITE, NCSS

N of Percent Killed

Persons or Hospitalized
In single-vehicle crashes
Nearside occupants - damage centered
on compartment 233 27.5
Nearside occupants - damage not
centered on compartment ‘ 307 ‘ 9.8
Farside occupants ) 653 o 12.9
In multivehicle crashes
Nearside occupants - damage centered
on compartment 1044 14.7
Nearside occupants - damage not
centered on compartment 2044 4.6
Farside occupanté 3488 5.9

*Fatal or hospitalizing
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3.4.2  Delta V
Figure 3-1 shows the cumulative distribution, by Delta V (velocity
change of the struck vehicle), of serious injuries in side impacts of pre-

-Standard 214 cérs”on‘NCSS. Four distribution curves are shown:

o in single vehicle crashes
0 1in multivehicle crashes
. o mnearside occupants in single vehicle compartment crashes

o nearside occupants in multivehicle compartment crashes

It is apparent from Figure 3-1 that the 4 curves are nearly identical, except
that a slightly higher percentage of the single vehicle casualﬁies occur at
low speeds. The location of the occupant or impact has littlg effect on the
cumulative distributions. This does not mean that impact type has no effect

on injury risk but rather that the differences in crash exposure have cancelled

out the differences in injury risk.

The median‘Delta V of fatalities and hospitalizatioms is about 17
mph in single vehicle side impacts and 18 mph in multivehicle crashes. The
25th percentile is 10 mph in the single vehicle crashes and 13 mph for multi-

vehicle. The 75th peréentile of Delta V is close to 25 mph'fo: all 4 crash types.

It should be noted that in mult;vehicle crashes and glancing fixed
object collisions the closing speed is often considerably higher than Delta V.
For example, a Delta V of 18 mph (median speed for serious injuries in
multivehicle crashes) could have resulted from a 35 mph impact of a car into

the middle of a stationary car of the same size, at a 90 degree angle.
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Table 3-8 shows the injury rate as a function of Delta V for the
same 4 crash types. At Delta V less than or equal to 10 mph, nearside
occupants in compartment impacts are 2-3 times more vulperable than the
average occupaﬁt and single vehicle crashes carry far higher injury risk
than multivehiclé. At Delta V greater than 29 mph, both of these differences

vanish.

3.4.3 Crush depth

Figure 3-2 shows the cumulative distributions, by crush depth, of
serious injuries in side impacts of pre-Standard 214 cars on NCSS. Four
distribution curQes are shown:

o in single vehicle crashes

o 1in multivehicle crashes

o nearside occupants in single vehicle compartment crashes

o mnearside occupants in multivehicle compartment crashes

The "crush depth" is the maximum of the 6 crush measurements obtained by NCSS

investigators as input to the program for estimating Delta V (see Section 9.2).

The cumulative distribution curves for multivehicle crashes are
slightly steeperlthan those for single vehicle crashes; the curves intersect
at about 13 inches crush and from that point onwards, the multivehicle curves
are above the‘single vehicle curves. The location of tﬁe occupant or impact

does not seem to have a large or consistent effect on the cumulative distributions.

The median crush depth for fatalities and hospitalizations is about

16 inches in multivehicle crashes and 18-20 inches 1n single vehicle crashes;
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. TABLE 3-8

INJURY™ RATES IN SIDE IMPACTS OF PRE-STANDARD 214 CARS,
BY DELTA V AND IMPACT TYPE, NCSS

Percent of Occupants Killed or Hospitalized

Delta V Delta V Deita v
1-10 mph 11-20 mph 21 + mph.
All single vehicle crashes 9 20 40
Single vehicle: nearside occ. 7
in compartment crashes 19 57 : 47
All multivehicle crashes 2 9 -40
Multivehicle: nearside occ. in
compartment. crashes 7 13 47

*
Fatal or hospitalizing
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the 25th percentile is 12 inches in multivehicle and 10 inches in singlé; the
75th percentile is 22 inches in multi and 27 inches in single vehicle crashes -

i.e., the curves cross between the 25th percentile and the median.

One reason that the curves for single vehicle cfashes are relatively
level at high speeds is that depth of crush is not necessarily a good
indicator of crash severity. A narrow, rigid fixed object such as a pole
or tree can slice very deep into the passenger compartment without exceésive
g@loéity change po the vehicle and even without excessive danger to occupants

who are not directly in the object's path.

Table 3-9 shows the injury rate as a function éf crush depth for
the same 4 crash types. In cars with 10 inches or less crush, nearsidei
occuéants in cémpartment impacts are twice as vulnerable as the average occupant
and single vehicle crashes carry 2-3 times as high an injury risk as multi-
vehicle. As crush depth increases, the discrepancy between single vehigle and
multivehicie crashes decrease. In single vehicle crashes, the difference
between nearside occupants in compartment impacts and other occupants also
vanishes. But in multivehicle crashes, nearside occupants in compar tment
crashes are more vulnerable than others at all levels of crush., In fact, when
crush is greater than 20 inches, nearside occupants in multivehicle compartment

crashes have the highest injury rate of any group.

In short, for nearaide occupants in multivehicle compartment impacts
on the highway, there is an extremely strong relationship'of crush depth to
infury risk, consistent with experimental findings using staged crashes and

anctropomot phic dusmwies [ a3 .
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TABLE 3-9

INJURY RATES IN SIDE IMPACTS OF PRE-STANDARD 214 CARS,
‘ BY EXTENT OF CRUSH AND IMPACT TYPE, NCSS

Percent of Occupants Killed or Hospitalized

1-10 Inches 11-20 Inches 21 + Inches

Crush Crush Crush
All single vehicle crashes 7 14 39
Single vehicle: nearside occupants
in compartment crashes 12 32 39
All multivehicle crashes - 2 8 © 30
Multivehicle: nearside occupants
in compartment c¢rashes 5 17 50

* : ‘
Fatal or hospitalizing
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3;4.4" Si1l override in multivehicle crashes

The NCSS cases collected before April 1978 (about 55 percent of
the NCSS file) contain information on whether s8ill override occurred 1n’ﬁu1¥i-
vehicle crashes. tAs,noted in Section 3.2.2, sill override occurs almost
exclusively in muitivehicle crashes and 1s considered a majof severity-
increasing factor.) 8111 override was found on 13 percent of‘the pre-Stand?rd
214 cars among thosé-NCSS cases;AZO percent of the persons killed or hospifé-
lized in multivehicle side impacts were in cars with sill override. That
overrepresentation of serious injuries is, however, not necessarily attriﬁu}aﬁle
to sill override: presumably, override is more likely to occur if the impa?t

is centered on the compartment or under other crash conditions (e.g., higher

impact speed) that‘coﬁld:be associated with higher injury risk.

The best measure of increased risk attributable to sill override -
comes from crash testing. Hollowell and Pavlick, Kitamura et al and Proven?al
and S;cherbatcheff conducted paifs of crash tests in which éonditions‘werer
identical‘éxcept for s111 ovefride - which was prevented in one of the teété
by raising the gill to grouﬁd height of the struck car or lowering the bumpe;
height of the striking vehicle [41 ], [48 ], [68 1. 1In general, the tesis
in&icated a 5 inch reduction of crush (e.g., from 16 to 11 inches) when sili

override was eliminated.

"3.4.5 Type of objéct or vehicle contacted

Table 3-10 éhows the distribution of single vehicle side impact
fatalities by type of object contacted by the car during the crash. It isi
based on fatalities in cars of the last 2 model years without beams in 1975-81

FARS files.
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TABLE 3-10

TYPE OF OBJECT CONTACTED IN PRE-STANDARD 214* SINGLE VEHICLE
SIDE IMPACT FATALITIES, FARS 1975-1981

: k¥
Type of Object Contacted Percent of Fatalities
Including Excluding Excluding Non-

All Deaths Noncollisions collisions & Trains

Trees ‘ o 33 36 41
Poles ‘ . 26. 28 32
Walls, buildings, underpasses 5 5 6
Guard rails ' 5 6 7
Embankments, culverts, ditghes 10 . 11 ‘ " 12
Moveable objecté, incl. fences 2 2 2
Trains 11 12 | -

Noncollisions (mainly rollovers) ‘
with primary side damage 8 - -

*Last 2 model years without beams

**N = 2427 fatalities
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Trees (33%) and poles (267%) together account for 59 percent of
the fatalit}es. Next are collisions with trains (11%), contacts with low
fixed objects such as embankments, culverts and ditches (10%) and non-
collisions - mainly rollovers - classified as side impacts based.on their 7
damage location (8%). Walls and buildings (5%) and guard rails (5%) accouﬁt

for most of the remaining fatalities.

Throughout thig report, noncollisions have been excluded from NCSS
analyses. The FARS data can be made comparable to NCSS by excluding them as
well. After they are excluded, the percentage of fatalities due to collisions
with poles or trees rises to 64 and, due to collisions with ttéins, 12 (seg

the middle column of Table 3-10).

Obviously, grade crossing accidents play a significant_role in the
side impact fatality problem. Throughout this report, they have been classified
as 'single vehicle" crashes because they involve only one highway vehicle. : If
thev are excluded from the definition of single-vehicle crashes, tﬁe percenf

of fatalities due to trees or poles rises to 73.

The distribution of serious injuries (fatalities and hospitalizations)
in single~vehicle side impacts on NCSS is shown in Table 3-11. It is
remarkably similar tﬁ the fatality distribution. Trees (40%) and polés (36%)
account for 76 percent of the serious injuries -~ nearly the same percentage as
of fatalities. The_ﬁain difference is that collisions with trains play a
smaller role (in fact, no serious injuries in pre-standard cars on NCSS). That
is hardly surprising, considering that grade~crossing accidents are extremely

severe in comparison to most other types. Also, collisions with moveable objects
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TABLE 3-11

TYPE OF OBJECT CONTACTED IN PRE~STANDARD 214 SINGLE VEHICLE
SIDE IMPACT FATALITIES AND HOSPITALIZATIONS, NCSS

Type of Object Contacted : Percent of Fatalities apd Hospitalizations*
Large trees ' 40

Poles 36

Buildings : | 3

Guard rails ; o 10

Embankménts, culverts, ditches 6

Moveabie objects incl. fences, small trees 5

Trains !  0

*N = 187 casualties
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account for a higher percentage of serious injuries (5%) than fatalitiesé(Z%) -
again, not surprising. Collisions with embankments, culverts and ditcheé -

characteristic of complex off-road excursions - are less frequent among serious

injuries (6%Z) than fatalities (11%) ..

Table 3—l2£shows~the di§tribution of serious injuries in pre-
Standard 214 cars in multivehicle crashes on NCSS, according to the size/éype
of the striking ve%icle. In 19 percent of the fatalities and hospitalizaéions
in cars struck in the sidé, the striking vehicle was a subcompact or compéct
car. In 51 percent of the cases it was an intermediate or full-sized carf
Thus, the striking vehicle was anbther car in 70 pefcent of tbe serious iéjuries.
It was a light truck in 18 percent of the serious casualties; it was a heéﬁyﬁ

truck, tractor-trailer or bus in the remaining 12 percent. .

The distribution of striking vehicles was virtually identical for

nearside occupants who were seriously injured in compartment impacts.
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TABLE 3-12

TYPE OF STRIKING VEHICLE IN PRE-STANDARD 214 MULTIVEHICLE SIDE
IMPACT FATALITIES AND HOSPITALIZATIONS, NCSS

Type of Striking Vehicle

Subcompact or compact car
Intermediate or full-sized car
Light truck, van, etc.

Heavy truck, tractor-trailer,
bus, etc.

'*N = 424 casualtieé

**N = 134 casualties

Percent of Fatalities and Hospitalizations among

All Multivehicle Nearside Occupants in

Side Impacts® Multiveh. Compartment Impacts**
19 22
51 51
18 . 16
12 11
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CHAPTER 4

STANDARD 214 AND OTHER IMPROVEMENTS IN SIDE IMPACT PROTECTION

Standard 214 establishes crush resistance requirements for the
doors of passengef cars during a static crush test. The principal modifi-
cation of cars performed in response to Standard 214 was the.installation of
door beams. Thekgeams ha&vbeen developed by the motor vehicle industry and
were installed in many cars before the gstandard's January 1973 effective date.
Five hypotheses on why beams might be effective are discussed in this chapter
and the performance of beams in staged crashes is reviewed.. There were a
number of vehicle modifications other than Standard 214 which ﬁay have
reduced side impact injury risk but, as will be shown, the modifications were
typically carried out several years earlier, or later, than the installation

of beams.

4,1 " Elements of the side structure

The major components of the side structure Iin the passenger
compartment area of a car are the door sill, the pillars, the roof rails and

the door(s).

The dobr gill is the lower edge of the side structure and the outer
edge of the car's floor. In a car of body-and-frame design, the floor is
bolted to the car's frame just inside the sill, making that area an extremely
rigid structure. In a car of unitized construction, although there is no
frame beneath the passenger compartment, the sill area of the body is also

made more rigid than:any other part of the side structure.
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The pillars are the strong vertical elements of the side structufe.
The A-pillar is located in front of the front door and runs from the floor:
to the roof. The C-pillar is located immediately behind the fear door in a
4-door car or beﬂiﬁd the rear window area in a 2-door car; 1tlalso runs frém
the floor to the roof. The B-pillar is located immediately behind the froﬁt
door. 1In a genuine hardtop car, the B-pillar runs only from the floor to the
bottom of the wiﬁdows,’not to the roof. 1In a sedan or '"pillared hardtop,"%it

"sedan'" are

runs all the way to the roof. (Caution: the terms "hardtop" and
used loosely in the trade.) The roof rails are the strong upper‘elément of

the side structure.

The doors are the sheet metal elements that cover the side

structure. They are attached to the pillars by hinges at the front and i 4

latches and strikers at the rear. The upper part of the door contains a

window and may have a light frame or no frame at all around the window.
Prior to Standard 214, doors generally did not contain a significant internal

reinforcing structure.

4.2 Development and implementation of Standard 214

4,2.1 Developments that preceded regulation

Durihg thé'1960's, the Fisher Body Division of General Motors
conducted research and testing to improve side impact protection. They
discovered two courses of action that significantly improved‘prOtection, aé

evidenced by reductions of intrusion and dummy acceleration levels in crash
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tests. The first was to raise ;he s111 high enough to eliminate override

by a striking vehicle. This approach was rejected because it would have
necessitated customers to step over a high sill when entering and leaving

a car. The second method was to increase the structural streungth of
components other than the sill. Hedeen and Campbell developed a beam which
they installed inside the door. 1Initially, they supplemented the beam with
massive énlargements to pillars and other components and obtained significantly
better performance in crash tests. Their next step was to investigate whether
similar performénce could be obtained with a less massive upgrade. They
achieved satisfactgry results with just the door beam and a local reinforce-
ment of the B pillar at the floor level (plus the improved door latches and
hinges that had beeq>standard equipment since 1965). The door beams and

local B;pillar reinforcements were then installed in 1969 model GM full-

sized cars [ 39 1. :Hedeen and Campbell's explanations of their success are

discussed in Section 4.3.

A static. test procedure for side door strength was desired because
it would be simpler and more repeatable than full scale crash tésting. Such
a procedure was dévelobed at Fisher Body Division and became SAE Recommended
Practice J367 in March 1970 [ 397, [ 62 ]. 1t describes how a door is to
be crushed by an’impactor device and how forces are to be measured, but it
does not specify'd'ﬁinimum acceptable load. Although the door is not removed
from the car prior,td performing the test, the érocedure is designed to
minimize interactioﬁ with structures other than the door itself. The

impactor is located so as to avoid any contact with sills, pillars or roof
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rails; the seats and steering column are removed from the car before the
test. The controversy aroused by this approach is discussed in Sections

i

4,2.2 and 4.3,

4.2.2 Regulatory history

NHTSA initially planned to address the problem of side impact%
protection with a Consumer Information Standard —- i.e., it would publiéh
‘ratings of passengér cars' side door strength rather than ﬁandate a
minimum acceptable strength level. 'An Advance Notice of Préposed Rulemaking
was published in October 1968, requesting information on methods to
measure side iﬁtrusion protection [ 18 1. It was followed in December x968
bv a Notice of Proéosed Rulemaking, titled "Side Intrusion Protection" |
[ 19 1. The NPRM defined a static crush test similar to tﬁe.one later
used in Standard-214 and statéd that NHTSA would publish the average fofce
needed to crush a door to a point 12 inches outboard of the center of the

adjacent seat position.

The ANPRM ‘and NPRM elicited 123 letters to the docket. General
Motors‘stated_that its door beams reduced intrusion in dynamic‘tests
[ 3 1. On the other hand, letters from manufacturersAsuggested that
door strength, alone, is not ﬁecéssarily a good measure of intrusion
protection [ & ], [ 52 ], [ 79 7; that the proposed static test did
nothing to motivate improvements in padding or measures to prevent sill
override [ 52 J, [ 53 1; and that the test unduly favors 4~door cars and:

sedans [ 79 ], inconsistent with accident data which showed no comparable

safety benefit in actual crashes for these cars [ 31 ]. Dr. States
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pointed out théé the proposed static test resembles neither a typical
multivehicle nor single vehicle side impact crash [ 75 ]. Finally,
Renault felt that the performance measure was prejudicial against small
cars (since it takes less crush to reach a point 12 inches outboard of

the center of the adjacent seat position) [ 52 7.

NHTSA sﬁperseded that NPRM with another one in January 1970
[ 20 ]. The proposed regulation was renamed "Side Door Strength" in
recognition of the limited scope of the test. Two changes were made to
reduce the alleged prejudice against smaller cars: 1t was proposed to
measure the force needed‘to produce 12 inches of crush from the outside

(rather than to reach a point 12 inches from the center of the seat) and

a welght correction factor was added. The first change was justified

at that time on the grounds that "occupants are thrown against the door"
rather than vice-versa and the second on the grounds that 1ighter vehicles
are more easily displaced, limiting the intrusion that occurs before a

common velocity 1s reached.

This NPRM, in turg, drew comments from manufacturers of large
cars that the performance measure was biased in favor of small cars [ 16 ],
[ 47 7, [ 80 7. Chrysler submitted results of its crash tests on cars

with and without beams -- the results are discussed in Section 4.3.2.

NHTSA reissued the NPRM in July 1970, removing the weight
correction facﬁnr and making other minor changes [ 22 . Finally, in
October 1970, NUTSA withdrew the proposed Consumer Information standard in

favor of Federal Motor Vehicle Safety Standard 214 [ 24 1.
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The NfRM for Standard 214 was issued in April 1970 [ 21 ], ‘
when the proposallfor a Consumer Information Standard was still active.
The NPRM for Standard 214 specified the same static crush test as the
January 1970 consumer information NPRM [ 20 7], but now established 3

minimum crush resistance levels for side doors:

o Initial crush resistance: an average of at least 2500

pounds over the first 6 inches of crush

o Equivalent crush resistance: an average of at least 3750
pounds over the first 12 inches of crush (possibly

diminished by a vehicle weight correction factor)

o Peak crush resistance: a peak (not average) of at least
twice the vehicle's weight somewhere in the first 18 inches

of crush,

The rationale for Standard 214 that was stated in the NPRM is
discussed in Section 4.3.1. The proposed effective date for the standard

was 9/1/71.

The letters that NHTSA received in response to the NPRM
contained comments similar to those on the Consumer Information NPRM. In
other words, the general thrust of the comments was that the static
strength of, essentlally, the door in isolation was not necessarily a
good measure of the dynamic crush resistance of the whole vehicle side
structure. Specifically, there were objections to the vehicle weight

correction factor, the measurement of crush from the outside of the car,
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the vertical placement of the impactor and the removal of seats during
the test, Siﬁce the impactor is always placed above the sill and the
seats are removed, the proposed standard did not encourage the use of a

raised sill or load-bearing seats.

The final rule for Standard 214 was issued in October 1970, at
the'samect;me that the Consumer Information NPRM was dropped [ 23 ]; The
effective date;for the standard was fixed at 1-1-73. 1In the final rule,
vehicle weight correction factors for crush resistance were dropped and

the other requirements modified as follows:

o Initial crush resistance: an average of at least

2250 pounds over the first 6 inches of crush

0o Intermediate crush resistance: an average of at least

3500 pounds over the first 12 inches

o Peak crush resistance: a peak of at least 7000 pounds
or twice the vehicle curb weight, whichever is less,

somewhere in the first 18 inches

The finai,rule left unchanged the requirement that crush should
be measured from the outside, stating that maximum benefité would be
obtained if door strength were concentrated mear the outside surface of
the door. It also left unchanged the requirements concerning impactor
locatlon and seat femoval, stating that a change in the requirements
would interfere wifh the objective measurement of door stfength. A
petition for recqnsideration on the issue of measuring crush from the

inside was denied [ 25 1.
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Standard 214 went into effect on Janga;y 1, 1973. In March
1986; Standafd 214 Qaé amendéd télaliow a cholce of performing the
complldnco tést with the seats insldo‘ﬁhe vehicle (but ha&ing to meet
highérvforce‘reqqirements) or removing the seats and meeting.the 1973
requirements [ 26 ]. Since the post-Standard 214 vehicles studied in
this report were.built before the standard was'ameﬁded, an analysis of
the effects (if gny) of the amendment on production vehicles is outside

the scope of this evaluation.

4.2.3 Vehic¢le modifications in response to Standard 214

The principal vehicle modification in response to Standard 214?
has been the side door beam. Tt is a metal bar of channel design,
typically 8 inches wide and with channéls 2 inches deep.. It 1s located |
inside the door, close to the outside surface, about 10 inches above the%
sill. It runs thé length of the door, being attached to the door frame »
vertical members‘ét the hinge and latch ends of the door.  All
production thicles of the 1973-82 era appear‘to have beams [ 26 1,
conversely, thefe is ﬁé record of aﬁy thicle that had beams and was
unable to meet Standard 214. In some vehicles, the beam is accompanied

" by a beam cover, stiffener, and/or mounting flanges [ 37 ].

The only other modification specifically identified in the

literature to be associated with the installation of beams is a local

reinforcement of the B pillar at the floor level. -Hedeen and Campbell

state that such reinforcement was both necessary and adequate for the
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B-pillar of full-sized 1969 GM cars to stand up under loads transmitted
to it through the beam [ 39 ]. They also stated that no additional
enlargement or reinforcement was necessary and that existing latches and

hinges were adequate.

Chf&sler‘commented that the static test for side door strength
unduly favored cérs with 4 doors and/or full B pillars [ 80 ]. Yet
even 2-door hardtops met the requirements of Standard 214 after a beam
was installed. There is no evidence of manufacturers shifting from
hardtop to pillared.construction in résponse to Standard 214§ on the
contrary, they typically continued producing hardtops for 2-3 years

(or more) after beams were installed (see Section 4.4.2 and 4.4.3).

4.2.4 Implementation schedule

Beams were installed in many models before Standard 214's
effective date of 1-1-73, beginning with full-sized GM cars in model
year 1969. Table 4-1 shows the first model year (or date) in ﬁhich beams
were installed in domestic cars and Volkswagens. The information was
obtained from the Motor Vehicle Manufacturers Association in 1981.
The most important differences between Table 4-1 and comparable tables
in earlier reports (e.g., [ 46 ], pp. 42-43) are that, according to

Table 4-1:
o TFord Pintos did not receive beams until 1973

o Most Chryslers and VW's did not necessarily have beams
for the full 1973 model year, but only for cars built

after 1-1-73
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TABLE 4-1

DOOR BEAM TINSTALLATION DATES

(Source: Motor Vehicle Manufacturers Association, 1981)

Corporation - Model/Size Class Model Year/Date Introduced
American Motors Javelin, AMX 1971
All others , . 1973
Chrysler Barracuda, Challenger ‘ 1970
All others 1/1/73
Ford , Full-size Ford, Mercury, Lincoln 1971
Mustang, Cougar ‘ : 1971
Torino, Montego 1972
Lincoln Mark series 1972
Pinto 1973
Maverick, Comet 1973
General Motors Full-size (B and C Body) ’ 1969
Grand Prix 1969
Intermediate (A Body) 1970
Monte Carlo (A speclal - except
Grand Prix) © 1970
Camaro, Firebird mid 1970
Toronado, Riviera, Eldorado 1971
Vega 1971
Nova ' 1973
Corvette 1973
VW ' - 'Beetle 1/2/73
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4.3 Discussion: why might Standard 214 be effective?

Section 4.3.1 presents 5 hypotheses on why Standard 214 might
improve side structure performance in crashes. The hypotheses are stated
not as facts but as conjectures. They are discussed ‘in the light of
engineering considerations, including a review of references to them
in the litgratqre. Section 4.3.2 is a review and discussion of staged

crash test results,

4.3.1 Five hypotheses on effectiveness

Hypothesis 1: Crush Resistance In Section 3.2.1 it was

reported that riearside occupants are vulnerable to injuries involving
contact with the car's intruding door structure when 1t is struck in the
doof area by another vehicle. The occupant makes contact with the door
at a time when it is moving (relative‘to the occupant and the remainder
of the occupant's car) at a speed not much less than the initial impact
speed of the st?iking vehicle. It is very desirable to significantly
slow down the rate of door intrusion -- i.e., the speed of the striking

vehicle ~~ befqre the occupant contacts the door. Theoretically, an

increase in door strength due to Standard 214 should make at least some
contribution to slowing down the striking vehicle, for the following

reasons:,

o The door itself, while being crushed, dissipates more of
the kinetic energy of the striking vehicle, slowing it down more rapidly

and in a shorter distance.
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o There will be relatively more crumpling of the striking
vehicle's front structure and relatively less collapse of the struck

vehicle's door.

o Momentum will be more rapidly transferred from the striking
vehicle to the struck vehicle. The sooner the vehicles reach a common
velocity, the sooner the door stops moving relative to the rest of the

struck vehicle.

o A door beam, loaded in tenslion by the striking vehicle, that
effectively interfaces with the struck car's pillars will transmit loads

to the pillars better than a soft, pre-Standard 214 door structure.

These mechanisms could be classified under the general concept
of "crush resistance.” They could be involved in any impact by another
vehicle into the passenger compartment -- both 90 degree impacts and

obliqﬁé ones.

Hypothesis 1 was the primary rationale for Standard 214 stated

by NHTSA in the preamble to its NPRM [21]:

"Recent studies demonstrate that in side impacts the percentagé
of dangéfous and fatal injurles Increases sharply as the maximﬁm
depth of penetration increases and that in fatal side collisions
most occupants dic from side structures collapsing inward on |
them rather than from their striking the door. To protect
occuéants‘from such hazards, a strong door structure is requiréd,
in conjunction with an effective restraint system and energy-

absorbing materials on the vehicle's interior surfaces."
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Heaeen and Campbell found that the beam helped reduce
penetration in crash tests, specifically stating that deformation of
the striking vehicle's front structure increased when the struck car
had a beam [ 39 ]. Kitamura et al also observed that beams reduced

intrusion [ 48 .-

On the other hand, Renault found no benefits for beams in
90 degree crash tests [ 5 ]. Chrysler, in their letters to‘the docket,
questioned the Qalidit& of side door strength measurement because beams
gave a very large increase in static strength without a comparable
decrease of intrusion in dynamic crash tests. Nevertheless, Chrysler

reported a reduction of intrusion (albeit a small one) in 90 degree

tests [81].

There are two factors that, intuitively, limit the potential

significance of hypothesis 1:

o TIn most crashes, the striking vehicle Immediately or after
a short time engages side structure components much stronger than the
door: the sill and/or pillars. Most of the energy dissipation/momentum

transfer is through these components.

)

o The door is so weak relative to the striking vehicle's front
structure that even beams, at best, are only a small start to addressing

the problem of strength imbalance.

Therefore, it is intuitively clear that beams will not produce

a "miracle" reduction of intrusion in crashes proportional to the large
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increases‘in static door strength that they produce in the Standard 214
compliance test. Nevertheless, as Table 3-9 shows, the relationship
between intrusion and injury risk is so strong for nearside occupants iﬁ
multivehicle cbmpartment crashes that even a modest reduction of intrusion
(1-2 1inches) could produce significant reductions of serious injury risk

(10-20%) .

Hypothesis 1 would appear to be relatively less important in
essentially perpendicular/;ide impacts with fixed objects such as polesi
or trees, partly because the initial door intrusion velocity (impact speed)
is not so high relative to the eventual velocity change of the rest of the
car (Delta V -- see Section 3.2.1). Also, the sill and roof rails are

firmly engaged, whereas in multivehicle crashes they may not be engaged at

all.

préthesis 2: Deflection of striking objects/vehicles 1In an
oblique side impact, the beam acts somewhat like a highway guard rail to
help partially deflect the striking vehicle or object. It helps the
struck car "sqrape by" -~ di.e., it continues to move in a forward
direction, relative to the striking vehicle or objects. The potential
benefits of a deflecting action, which are not necessarily limited to

nearside occupants, include the following:

0o Damage becomes shallower and spread over a wider area -- 1.e.,
a reduction in the depth and velocity of intrusion and of vehicle

deceleration
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o Damage may spread out from the passenger compartment area
to less vulnerable parts of the side structure outside the compartment

area

o The struck vehicle and striking vehicle/object may disengage

before achieving a common velocity rather than "hanging up" on one

another -- i.e., a reduction of Delta V for the struck vehicle
o The integrity of side structure components -- hinges, latches,
etc., —-- may be easier to malntain as a result of the preceding changes in

damage patterns.

Hedeen and Campbell mention deflective action as one of the
primary reasons for the effectiveness of beams, as evidenced by their
crash fests t 39 ]. Renault reported that beams were effective in producing
less penetration and a more glancing trajectory in oblique impacts [ 5 1.
More generally Rodger [ 73 ] and Greene [ 35 ]| reported that one of the
main benefits of side structure improvements is that they aliow vehicles to

glance apart in oblique crashes.

Hypothesis 3: Sill Override Prevention The beam ‘is located

relatively high inside the door, leaving a softer area in the gap between
the beam and the sill. Under the right circumstances, the beam could

initially hold the striking vehicle down, forcing it to penetrate into the
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softer area below :the beam. That, in turn, would increase the
likelihood that the striking car would engage the sill rather than
override 1t (see Section 3.2.2 about the importance of preventing sill

override).

Hedeen and Campbell reported that beams were effective, in
crash tests, in holding down‘the striking vehicle and promoting sill
engagement [3§ 1. Chrysler disputed the hypothesis and showed that a
badly designed'bgam could actually encourage the striking vehicle to

ramp .over the sill [ 81 1.

Hypothesis 3 does not apply in crashes with fixed objects such

as trees, since sill override cannot occur.

Hypothesis 4: Greenhouse Protection In a car without beams,

the side structure has no strong component located above the sill, parallel
and exterior to the sill. 1In a collision with a fixed object, the sill
will firmly éngage the object while the upper parts of the car will tend

to slightly tip over into the object, ihcreasing the object's penetration
into the extremely.vulnerab]e greenhouse area of the car. The beam
provides a strong component parallel to the sill and helps keep the car

more nearly upright in the crash.
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This hypothetical effect does not appear to have been mentioned

in the 1iteraturé.

Hypothesis 5: Door Integrity Protection The beam helps the door

maintain its basic shape during a crash, preventing it from being deformed
to the point that it separates from hinges, latches or from the vehicle.
Stresses on latch aésémblies are reduced in a manner that prevents door
opening in crashes. As a result, there are fewer occupant ejections

through the door area.

The hypothetical effect may, in part, be a corollary of Hypotheses

1 and, especially 2: 1if damage is shallower in the compartment area and
more readily spread out to other parts of the car, stresses to doors and

components will be reduced.

Hypothesis 5 does not appear in previous reports but plays an

important role in.Chapter 9 of this evaluation,

4,3,2 Review of crash test results

Although many automoblles have been side impact tested during
the past 20 years, there have been relatively few "pure" tests of
Standard 214. A "pure" test of Standard 214 is one in which 2 cars,

identical except that one complies with the standard and the other does’

not, are subjected to identical crash tests.



Hedeen and Campbell performed crash tests on.pre;Standard 214
cars and on cars equipped with beams and a local B-pillar reinforcement
at the floor level. As described earlier, the cars with beams had less
penefration, because the beams imparted more deformation to the striking
vehicle's frontal structure, partially deflected the striking vehicle, andz
held the striking vehicle down to force sill engagemént‘(Hypotheses 1-3

of Section 4.3.1) [ 39 1.

Chrysler performed 3 pairs of identical crash tests on cars with
and without beams [ 81 ]. 1In a 45 degree impact of a car into the side of4
a 2-door hardtop, the beam reduced penetration from 12.8 to 12 inches. 1In
a 45 degree Impact into a 4-~door sedan, penetration was reduced from 8.8 to
8 inches. In a 90 &egree impact to the sedan, intrusion was cut from 7 to:
5.8 inches. These are reductions of 6, 9 and 17 percent, respéctively, in'

the depth of intrusion.

Renault reported that beams were effective in reducing penetration
and providing a more glancing trajectory in oblique impacts, but found no

benefits in 90 degree impacts [5 1.

Calspan Corporation performed a side impact test under contract
to NHTSA in 1969. It was not a "pure" test of Standard 214: one of the
cars was pre—stanaard and the other had beams and a roll bar. In the test,
the cars were mounted on casters and pushed into a pole at 90 degrees
and 20 mph. The pre-standard car had 20.8 inches crush and the other 18.5

inches, but it is unknown how much of the reduction was due to the beams
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and how much to the roll bar [ 59 ]. Since this was a 90 degree and not
an oblique impact, it cannot be considered a test of Hypothesis 2 (see

Section 4.3.1).

Much more reéghtly, Kitamura et al, performed a pure test of
Standard 214. Thé struck vehicles were idéntical 2600 pound, 4-door post-
Standard.ZlQ sedans except that the beams were removed from the second car.
The striking vehicle weighed 3600 pounds and the compartment was impacted
at a 60 degree angie and 35 miles per hour., Beams reduced the depth of
intrusion by 8 percent and, more importantly, reduced the nearside dummy's
rib, thorax,(shoulder and pelvis acceleration levels by amounts ranging
from 20 to 35 percent [ 48 ]. This is strong evidence that beams are
effective for nea?side occupants when a car is impacted in the compartment

by another car at a moderately high speed.

AN Side structure modifications other than Standard 214

The other Federal Motor Vehicle Safety Standards need to be
reviewed as to whether they may have reduced injury risk in side impact
crashes. If so, their benefits must be taken into account in this
evaluation and should not be wrongly attributed to Standard 2147 Side
structure modifications not made in response to safety standards, but with
possible safety implications, must likewise be reviewed. These reviews

occupy Sections 4.,4.1 and 4.4.2,

Specifically, this evaluation relics on FARS, NCSS and Texas

accident data -- Chapters 6, 7 and 8 respectively -- for analyses of

Standard 214 effectivencss. Some of the FARS and Texas analyses are based
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on comparisons of cars of the last model year before beam installation
with those of the fifst beam-equipped model year. For these analyses,
there 1s special conéern with modifications that coincided with Standard
214 -- their effect would be confused with Standard 214's. But modifi-
cations that occurred one year or more before beam installation would

not blas the analyses (since all cars in the analysis would have them)
nor would changes that occurred one or more years after beams (since no
cars would have them). Other FARS analyses and some of the NCSS analyses
are based on the last two years without beams versus the first two with
them. In these analyses, there is special concern not only with changes
that coincided with beams but also with those that occurred one year
before or after beam installation. Other NCSS analyses are based on five
years before or after beam installation -- here the concern extends to
changes up to four years before or after beam installation. Finally, some
NCSS analyses include the full data set -- for these, the concern extends

to the full range of model years well represented on NCSS, viz., 1965-78.

Tn short, the timing of other side structure modifications is
important; -especially in relation to the timing of beam installation. As
Table 4-1 showed, beams were first installed during 1969-1973%, depending
on the make and model. Section 4.4.3 is a chronology of side structure
modifications during 1965-78 by make and model, and a discussion_bf theit

timing relative to Standard 214.

Finally, Section 4.4.4 presents a few of the current research

concepts for improving side impact protectionm,.
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4.4.1 - Other safety standards

Standard 201 sets padding requirements for arm rests, which were
the source of 6 percent of the serious injuries in side impacts (seé
Table 3-4). It requires padding of certain frontal interior surfaées,
especially. the dashboard, which also account for significant peréentagés L
of the serious injuries in side impacts. Standard 201 took effect on
1-1-68, but the General Accounting Office's report on the safety standardé'
suggests that one-third of 1966 model cars complied with it, as did one-half
of 1967 cars and all 1968 models [ 17 ]. Thus, the implementation of
Standard 201 took'place, on the average, & years before -the installatidn of

beams.

Standards 203 and 204‘significantly reduced the risk of serious
injuries resultiﬁg from contact with ﬁhe steering assembly t 44 1. According
to Table 3-4, the steering assembly accounts for 12 perceqt,of thévserious
injuries in'sidé‘impacts. Standards 203 and 204 took effect‘on l4l—68, but,
in fact, two-thirds .of 1967 models and all 1968 cars wefe in ééﬁpliance.
Thus, the implementation of Standards 203 and 204 took place, on the

average, & yéurs before the installation of beams.

o Standard 205 regulates glazing materials used in windshields
and other'wihdost The‘most important modification was the High
Penetration Resistant wihdéhield; but side windows may also have been
modified. The winéShield;accounts Eor about 3 éercent of serious side‘
impact injuriés and side.windows, 5 percent. All 1966 model cars appear
to méet the‘requireméﬁts oflStandarA 205 -~ this is an average of 5 yearé”

before the installation of beams.

119



o Standard 206 sets requirements for door hinges, latches andé
locking systems, which are important components of the vehicle side
structure (see Section 4.1). The standard incorporates SAE Recommended
Practices J839b and J934a developed in 1965 [ 62 ] and it appears that
the 1965 models met its requirements -- this is an average of 6 years before

the installation of beams.

o Standards 208, 209 and 210 pertain to safety belts.
Restraints provide~a number of benefits in side impacts, such as preventihg
ejection, protecting farside occupants and preventing certain injuries dde
to contact with frontal interior surfaces or other components relatively

far from the seat. During 1968-74, a number of changes were made in the

’ "safety belt requirements that led to an aggregate increase of occupant belt

usage from 8 percent in all pre-Standard 214 cars to 11 perceﬁt in all
post-standard cars on NCSS. There was, however, no increase in belt usage
in cars of the first 2 model years with beams relative to the last 2 yeaﬁs

without them (see Table 7-4).

o Standard 216 sets minimum strength requirements for passengér
car roofs to reduce the likelihood,of roof collapse in a rollover accideét.
In some makes and models, it led to thicker roof rails and/or pillars [ 32 1,
thereby also strengthening the side structure. These modifications weref
made in the 1974 model year -- an average of 3 years after the-installation

of beams.
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4.4.2 Vehicle modifications not mandated by safety standards

o Shift {rom genuine to pillared hardtops: the most noticeable
change in the side structures of cars of the 1970's was the gradual
replacement of genuine hardtops by cars with full B-pillars (see Section
4.1 for definitiops). This shift was not performed in response to
Standard 214; in almost all cases, it took place at least 2 years after
beams were installed and, in most cases, some time after the standard's
1-1-73 effective date. The only exception was the Camaro/Firebird, where
beams and full B-pilllars were installed at the same time as paft of a
complete redesign. More typical cases are the GM intermediates and
Chrysler compacts, where B-pillars were installed in all cars 3 years
after beams; in the full-sized GM cars, hardtops were gradually eliminated
4-7 years after~beaﬁs were installed. Moreover, the statistical results
. of Friedberg, ¢t al [ 31 ] and Section 7.5 of this report suggest that the
safety implications‘of installing full B-pillars are relativély small -- at
least, in compnrispn to the effects of Standard 214. For these 2
reasons ——‘timing and safety effects -- the bilas on Standard 214 effective-

ness estimates is small and easy to control for (see Section 7.5).

o Tord Torino and Mercury Montego changed from unitized to body-
and-frame construcﬁiﬁn in 1972, the year that beams were installed. These
models accounted for about 3 percent of car sales. All other models appear
to have retained the same basic body structure ({i.e., body-and-frame vs.

unitized or integrél) during the 1965-78 era.
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io Convertibles gradually declined from 5 percent of sales to
zero during 1965-78. The elimination of convertibles was not scheduled to
coincide with tﬁé'installation of beams, but took place gradually.
.Although the safety implications of discontinuing convertiblés are obvious,
the nct effect on injury rates 1s minimal, since they were rare to begin

with.

0 Domgsftc subcompacts appeared in 1971, in the middle of the
beam installation period. According to Table 4-1, Pintos were being
produced for 2 yearslbefore beams were installed. Vegas, on the other
hand, had beams from the start; they are removed from the FARS and Texas
analyses to assure that comparable pre-standard cars exist for every

post~standard car in the analyses.

o Major '"downsizing" began with full-sized and intermediate
GM cars in 1977 and 1978, respectively -~ 8 years after beams were
introduced. Also, the large-scale introduction of front-wheel drive took

place after the accident data used in this report were collected.

o There were gradual weight increases within size classes during

1965~76, The increases from year to year were small, but for NCSS analyses

covering wider ranges of model yecars, the weight differences must-be accounted

for by multivariate statistical procedures.

4.4.3 Chronology of side structure modifications and restyling

1965: Door latches and hinges meeting Standard 206

Major body change for full-size GM, Ford, Chrysler [ 83 -
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1966:

1967:

1968:

1969:

1970:

HPR windshields (Standard 205%)

Some padded dashboards (Standard 201)

Major body change for Ford, Chrysler intermediates
Restyling of some CM 1ntermediates; Lincoln, Riviera

Toronado introduced

LA steering.column on GM, AMC, Chrysler (Standards 203-204)
Camaro, Firebird, Cougar and Eldorado were introduced

Compact cars were restyled -- industry-wide

All cars ﬁeet Standards 201, 203 and 204

Shoulder harnesses for front outboard occupants (Standard 208)
GM intermediates restyled

Dodge Charger restyled

Lincoln Mérk soeries introduced

Beams on full-sized GM cars, Grand Prix

New bodies for full-sized Buick, Olds, Fords and Chryslers
New sheet metal for full-sized Chevy

Grand Prix, Maverick were introduced

Beams on.intermodiute GM, Barracuda, Challenger

Beams on Camaro, Firebird (at midyear)

Monte Carlo, Cutlass Supreme were introduced and other GM

intermediates restyled
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Challenger was Introduced and Barracuda restyled
Camaro, Firebird got major redesipn and became pillared hardtops
Ford intermediates restyled

Gremlin was introduced

1971: Beams on full-sized Ford, Mercury, Lincoln
Beams on Mustang, Cougar, Javelin, Vega, Eldorado, Riviera, Toronadov
Complete restyling of full-size and luxury-specialty GM and full-size ford
Complete. restyling of Mustang, Cougar, Satellite and Coronet
Vega and Pinfo were introduced

Pillared hardtop available on Eldorado, Thunderbird .

1972: Beams on Torino, Montego, Thunderbird, Lincoln Mark‘
Retracting seat belts |
Major redesign of Torino and Montego, including change'from
unitized to body-and-frame construction
Thunderbird .and Lincoln Mark pot new chassis and sheet metal

ull-sized Chryslers got new sheet metal

1973: Beams on Ford compacts, Pinto, GM compacts, Corvette
Beams on‘AMC (exc;pt Javelin, which got them in 1971)"
Beams on Chryslers by .1/1/73 (except Barracuda/Challenger in 1970)
Seat belt warning buzzer
GM intermediates got new bodies and changed to pillared hardtops

Full-sized Ford got new sheet metal
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1974:  Some roofs,;roof rails and/or pillats modified in response to Standard 216
3 point belté with starter interlock
Pillared hardtops available on full-sized & intermediate Fords,
Electra, Riviera, Charger
Mustang is downsized and becomes a pillared hardtop

Cougar becomes an intermediate

1975: 3 point belts ~- ignition interlock discontinued at midyear
Cordoba, Pacer, Monza, Seville introduced
Granada/Monarch introduced -- using Maverick/Comet wheelbase
Javelin,.Ambassador dropped
Chrysler 1ntgrmediates, GM compacts got new sheet metal
Pillared hardtops avallable on full-sized GM |

Pillared hardtop standard on Cordoba, Gran Fury, Monaco

1976: Aspen, Volarc replace Dart, Valilant; always bhave pillars

Chevette was‘introduced

1977: Major downsizing of full-sized GM, with pillars on all cars
Restyling of Ford intermediates - pillared hardtops available

Big Thunderbird dropped

1978: Major downsiziﬁg of intermediate GM
Fairmont/Zephyr replaces Maverick/Comet
Horizon/Omni (front-wheel-drive subcompacts) introduced
‘Genuine hafﬁtop now available only on LTD IT1, Cougar, Lincoln Mark V

and Chrysler New Yorker
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Tt is evident that the installation of beams did‘EQE coincide
with other safety standards that significantly affect injury‘risk in side
impacts. The fleeﬁwide shift from genuine to pillared hardtops was a
gradual process that, typlcally, took place several years after beéms were
installed. The only models that were introduced or very significantly
redesigned at the time of beam installation were Camaro, Firebird, Vega,
Torino and Montego. .(Grand Prix, Monte Carlo and Cutlass Supreme,
although '"new" cafs at the time beams were installed, were reasonably

similar to earlier GM intermediate 2-door hardtops.)

It is true that beams were installed in many models at the time
of a body changeover (e.g., full-sized Buick, Olds, Ford and Mercury) or
sheet metal changeoVer (e.g., full-sized Chevrolet). But since the 1969-73
period was a time‘of stability in car design -- well before the era of
downsizing but long after the diversification of the early 1960's -~ body
changeovers did not lead to the production of a truly different car.

¢

4.4.4 Some current research concepts in side impact protection

.

The scopelof this evaluation 1s limited to the modifications, in
response to.Standard 214, in actual production vehicles of the 1969-78 era,
especially the first half of that period. The following discussion of
current (1979-82) research'concepts in side impact protection 1s not, in
any sense, an evaluation of the merits of various concepts. It is an
dttempt to rela&c gome of the ideas in current research to tﬁe ideas and
hypotheses that were formulated in the development of Standard 214

(Section 4.3). It is a bridge between the results of this evaluation, which
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are based on the highway accident experience of production vehicles, and

the current literature on side impact research.

Much fesearch has been devoted to an upgrading of the structural
strength of the sidé of a car. (For example, see [41].) In most cases,
the prototype upgraded cars continue to have door beams. But the upgrade
extends to mény.strqctures other than the beam (pillars, roof rails, roll
bars). Also, the beam itself is upgraded and plays an importgnf role in
the improved side st}ucture. Improvements to beams include increasing its
vertical size tQ‘pé;tially close the gap between the beam and the sill,
installing tabs from the béam to the sill, and greatly strengthening the
areas where beams transmit forces to hinges, latches and pillars in crashes.
The rationale for these developments are: (1) It is desirable to retain
the beam because it has the property of deflecting striking objects (see
the discussion under Hypothesis 2 in Section 4.3.1). (2) The energy
absorbing capacity of the beam is limited. Most energy is absorbed by other
structures -- so they need to be upgraded. The beam is best used to
transmit loads to other structures (see the discussion under Hypothesis 1).
(3) Every effort must be devoted to preventing sill override; for this
reagon the beam 1s lowered and tabs to the sill are added (see‘under

Hypothesis 3).

Other rescarch emphasizes the problem of sill override, using
crash tests to demonstrate that a raising of sills or lowering of bumpers
(on the striking vehicle) produces the same reduction of penetration, at far
lower incremental weight, as a massive side structure upgradef[ 48 1,

[ 68 ]. This research is, in a sense, a continuation of Hedeen and
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Campbell's tests with high sills (see Section 4.2.1) and a follow-up on

letters to the Spandard 214 docket recommending that the compliance test

be performed with the impactor at a fixed height from the ground, thereby

encouraging high sills (4.2.2).

Another approach is to soften the first 20 inches or so of the
frontal structu?e of the striking vehicle, as a means to redress the
“strength imbalance befween side and frontal structures (see tﬂe discussion%
under Hypothesis 1) [ 48 ]. The rationale is that the incrémeﬁtal cost and
weight of bringing side strength up to a par with frontal sfrength is much;
greater than that of lowering frontal strength. Also, a soft front end couid
be beneficial in reducing aggressiveness in pedestrian impacts while only
minimally reducing crashworthiness in frontal impacts (since there is stillia

large amount of crushable material behind the first 20 inches).

Interior padding has been given attention, both as’'a complement
and partial substitute for structural upgrading [ 74 7. The.rationale for ?
improving_paddihg-is: (1) Many serious injurles in side impact are not
necessarily’attributable to contact with intruding'side surfaces (see Sectipn
3.2.2). (2) Massive structural upgrade may have prohibitive cosf and incremental
weight. (3) After sfructural upgrade, thgre may be little intrusion in |
severe crashes, but even without intrusion, occupant contacts with unpaddedz

side surfaces may cause serious injuries in those crashes.

In recognition of the large number of serious head injuries in
side impacts (see Section 3.2.1), consideration has been given to designing

side windows with the injury-mitigating properties of the High Penetration

%
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Resistant windshield [ 76 1. This approach has been difficult to reconcile

with automobile owners' wishes for windows that can be opened,

Finally, it has been attempted to make the vehicle's seats a
major load,bearing'structure that supports the door in crashes, possibly
dispensing with beams [267. Tt is unknown whether a vehicle without
beams would be effective in deflecting a striking object (see Hypothesis

2 in Section 4.3;1).
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CHAPTER 5
REVIEW OF PREVIOUS STATISTICAL

'STUDIES OF STANDARD 214

. Seven published effectiveness studies of Standard 214, based on
statistical ahafyses of accident data, are reviewed in this chapter.
Three of the studies are based on investigator-collected accident data, 2
on police reports, one on investigator and police—collected data and one

on insurance claims.

The studies are based on subsamples of the data analyzed in
Chapters 7 an& 8 of ;his report or on comparable but much smaller data
sets. As a consequence, the studies are essentially superseded by
Chapters 7 and 8 of this report and shed little additional light on the

effectiveness of Standard 214,

5.1 Preston & Shortridge (1973) - Denver, MDAI and Texas data
fhree'data files residing at the University of Michigan

computer facility were analyzed: Denver accidents in 1972, the

Multidiscip}inary Accident Investigation file, and a 5 percent sample of

Texas accldents in 1972 [67].

In Denver, in}ured drivers and right front occupants in
"broadside" aﬁd'”sideswipe" side impacts were selected. fhe cases were
tabulated by Standard 214 compliance, injury severity and seating position
(see Table 6 of‘[67]). The authors claimed that there was no significant

difference in the injury distribution of pre and post-standard car
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occupants. But‘it.appears that their statistical test had unnecessary
" degrees of freedom (i.e., it kept K,A,B and C as separate categories). If

their data in Table 6 are collapsed as fﬁllows:

Pre-Standard 214 Post-Standard 214
Noaminor injury (K,A,B) 265 55
Minor injury (C) ~ 145 52

then there is a skatistically signifiéant reduction of nonminof injury in
the post-standard cars (chi-square=6.30, p{05). Of course, this
significant redupfion need not be due to Standard 214 alone. Their data
get covers‘a wide range of model yeafs. Since police-reported injury
rates (especialiy nonminor injury rates) increase swiftly as cars get
older the reduction may, to a large extent, be due to the fact that the

pre~standard cars are substantially older than the post-standard cars.

On the Multidisciplinary Accident Investigationrfile, Preston
and Shortridge identified 116 occupants of 1969-73 qifs that had been
sitting adjacent to a struck door; the sample was divided about equally
betwéen pre and post-standard car occupants. They performed a regression
of the occupant 's AIS (injury severity rating [i]).by Standard 214
compliance, seat position and belt usage. St;ndard 214 was found to
reduce AIS by an a?erage of .48, This was not a significant reduction

(p=.16), which is hardly surprising considering how small the sample was.

They élso compared the average depth of crush in the MDAI side

impacts and found no significant difference between the 65 pre-standard
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and B9 post-standard cars on the file - sample sizes that are less than

5 percent as large as those available for Chapter 9 of this report.
They did not find any significant injury reduction for Standard
214 in a 5 percent sample of Texas accidents in 1972. Note that Chapter 8

is based on 100 percent samples of Texas accidents in 1972, 74 and 77,

5.2 Joksch (1973) — Texas data

Joksch analyzed the complete Texas accident files for 1971 and
1972 [42]. He divided cars into 4 cohorts, depending on the first year of
beam installation., 1In each cohort, the ratio of nearside occupant
injuries to fafside occupant injuries is tabulated by model year. TIf side
door beams are effective in reducing nearside injuries (with- little or no
effect on farsidé injuries), this ratio should drop significantly in the

model year where beams were first installed. No such drops were found.

But'Jdksch's table of initial model years of beam installation
(p. 55 of [42]) disagrees with Table 4-1 of this report on 36 of 68
models. TIf the model years indicated on Table 4-1 are correct, Joksch's
results, which depend heavily on identifying the initial year of beam

installation, are not meaningful.

5.3 McLean (1974) - North Carolina data

A.J. McLean selected cars struck in the door area in North

Carolina pclice~reported accidents in 1971-72 [55]. Identification of
the struck area was based on the TAD classification [82] -— codes LP and RP
being used to indicate damage confined to the left or right passenger
compartment, respectively. In North Carolina, during those years, the

State Police were almost the only agency that filled in the TAD, so
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McLean's study is essentially confined to State Police-reported (mostly

rural) accidents, \\

Cars were assigned to pre or post-standard groups according to
whether beams were installed., McLean's table of initial model years of
beam installation (p. 66 of [551) agrees completely with Table 4-1 of this
report. Furthermore, in order to avoid biases in the injury rates due to
excessively old cars, the pre-standard group was limited ﬁo model year

1965 or 66 and later,.

Nearside occupaats had significantly lower injury rates in

beam-equipped cars than in cars without beams in multivehicle crashes.

For example, there were 1391 drivers of standard-sized cars without beams
that had LP damgge; 16.4 percent were injured and 7.1 percent had K or A
injury. The 846 drivers of comparable cars with beams had injury rates of
12.1 percent (overall) and 4.4 percent (K or A). These are statistically
significant reductions of 26 percent in the overall injury risk
(chi-square=7.85, p{.05) and 38 percent in the K+A injury risk
(chi—squaré=6.94, p{.05). On the other hand, the observed reductions
need not be due to Standérd 214 alone. The beam—-equipped caré.are, on
the average, 3-4 years newer then the cars without beams. Since
police-reported inju;y rates 'increase substantially as cars get older, a
good part of the observed reductions may be due to the vehicle age
differences.

The sample of single vehicle crashes was much too small (74

pre-standard and 26 post-standard cases) for a meaningful statistical

analysis.
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S.h Jones (1977) - Calapan data

‘ e . .
Jones analyzed i1njury rates in cars that had been struck in the

side by another car in the Calspan Level 2 data file [43]. The data, which

were collected during 1967-75, resemble the National Crash Severity Study
in that they contain, in many cases, the occupantsf AIS injury severity
and the vehicles' Collision Deformation Classification (CDC). The study
was limited to-cars in which the damage at least partially overlapped the
occupant compartment (2nd letter of CDC was P, D, Y or 2). A major
advantage of Calspan Level 2 data is that the sample is limited to cars
less than 18 months old at the time of the accident - thus eliminating

vehicle age difference of pre and post-standard cars on the file.

The file contained 2007 occupants of pre-Standard 214 cars and
2417 post-standard car occupants involved in side impacts, as described
above. The occupants of post-standard cars had a 28 percent lower AIS>»3
injury rate, an ll.percent lower AIS?2 injury rate and a 4 percent lower
rafe of injuries resulting in transport to a hospital or emergency room;

none of these reductions were statistically significant.

When the'analysis is further restricted to nearside occupants,
the injury reductions for the Standard 2l4 cars are 30 percent (AIS»3),11
percent (AIS32) and 4 percent (transport to a treatment facility). Again,

none of the reductions are significant.

The Calspan Level 2 data contain about 1/6 as many serious
injuries as the NCSS data analyzed in Chapter 7 of this report. Because
the Calspan sample is so much smaller than NCSS, none of the observed
injury reductions is statistically significant; nevertheless the observed

reductions are not inconsistent with the findings of this report.
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5.5 Kahane (1979) - NCSS data

NHTSA's preliminary evaluation of Standard 214, published in
1979, wés based on analysis of the 5557 National Crash Severity Study
cases that were'dﬁ file at that time [46]. Since then, the NCSS file has
been completed and has grown to 12,050 accident cases. This reevaluation
is based on the complete file and all NCSS results, especially those in

Chapter 7, supersede those of the preliminary evaluation.

The main findings of the prelimary evaluation were the
following injury rate reductions, for post-Standard 214 cars relative to

pre-Standard cars (reductions stated in percent):

"In Single- In Multivehicle Single and
Vehicle Crashes  Crashes Multi, Combined
AIS 23 reduction - 66 , =20 : 17
AIS 22 reduction 60 -4 18

Both injury reductions in single vehicle crashes were statistically
significant; the. injury increases in multivehicle crashes and the
combined reductions were not significantly different from zero. The
analyses were based on unrestrained nearside occupants of cérs whose
damage overlapped with the compartment (2nd letter of Collision
Deformation Classification P, D, Y or Z). Vehicle weight and Delta V

were used as control variables.

The principal couclusion of the preliminary evaluation was

that Standard 214 reduces casualties in single~vehicle crashes. It made

no conclusion regarding effectiveness in multivehicle crashes but stated

that, even if subsequent analyses should indicate that Standard 214

136



g

reduces casulaties, the cftfectiveness would be lower than in single

vehicle crashes. )

Based on fatality counts in NCSS alone (i.e., without
consideration of Fatal Accident Reporting System data), the preliminary
evaluation estimated that Standard 214 might be saving as many as 3000

lives a year in single vehicle side impacts.

Some of the primary differences between the preliminary
evaluation and this report - besides the large increase in the NCSS

sample size - are:

o The current report uses FARS for an independent estimate of
fatality reduction. The results are much more reliable than those of the

preliminary report, which are based on NCSS.

o The preliminary report used AlS-based injury criteria,
which lead to lafge sampling errors when used with NCSS data. Moreover,
the adjustment factor used for calculating sampling errors in the
preliminary report probably understates those errors. The current report
uses hospitalizaﬁion as the injury criterion, which is ideally suited for
NCSS, and obtains realistic estimates of sampling error by a direct,

empirical technique,

o The category of side impacts considered in the preliminary
evaluation (nearside occupants with 2nd letter of the CDC being P, D, Y

or Z) has been superseded for the reasons shown in Chapters 9 and 10 of

this report. It is a more refined approach to analyze, initially, all



occupants in all side impacts - broadening the sample and reducing
sampling error. Then, for multivehicle crashes, the reevaluation
considers an even narrower category of damage than the one used in the
preliminary report, isolating those crashes where Standard 214 is really

effective.

o This report considers a wide range of control variables,

including the major side structural modifications other than Standard

214,

o This report presents analyses restricted to a limited
number of model years before or after the installation of beams, limiting

vehicle age-related biases.

Despite the preceding shortcomings, the preliminary evaluation
generated some important information. The decision to analyze
single-vehicle and multivehicle crashes separately has been vindicated by
Chapters 9 and 10 of this report, which indicate that Standard 214 works
by quite differeat meéhanisms in the two crash types. Moreover, the
preliminary-concluéion that Standard 214 is more effective in
single-veﬂicle ;hén in multivehicle crashes is confirmed by Chapters 6
and 7 of this repprf (although the observed difference in effectiveness
is smaller now than before). Finally, the overall effectiveness in the
preliminary evaluation (single and multivehicle crashes, combined) is

close to the overall effectiveness in this report.
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5.6 Cameron (1980) - Victoria insurance claims

Australian Design Rule 29 is almost indeatical to Standard
214, Tt took effect in 1977 and side door beams were installed in cars
sold in Aus;rafia beginning with the 1977 model year. Cameron analyzed
no-fault injury compensation claims in the State of Victoria for
1977-78 [7]. He compared the injuries of nearside front seat occupants
post-standard - (1977-78) cars that were struck in the side to injuries in
pre-standard (1971-76) cars. The analytic technique was to compare the
ratio of nonminor to minor injuries. The sample contained only 110
injuries in post-standard cars, about half of which (53) were nonminor.
Similarly, halflof the injuries in the pre-standard cars were nonminor,
so no reduction of injury severity was observed in the sample. Moreover,
when the nonminor injuries were subdivided into 11 descriptivelgroups (by
body region and lesion), no statistically significant reduction was
observed in any of the groups, for post-standard cars, relative to minor
injuries. (Lack of significance is hardly surprising when 53 injuries
are divided into 1l groups.) The report is subtitled, "A Preliminary
Study," so it may be presumed that a follow-up will be performed when

more data are available.

5.7 Chi (1980) - NCSS data

A second NCSS énalysis was performed by the Highway Safety
Research Center, a NHTSA contractor, in 1980 when the file contained
10,851 accident cases (907 complete) [11]. Chi's findings superseded the
preliminary NHTSA evaluation (see Section 5.5), which was based on 5557
NCSS cases and a less detailed analysis. 1In turn, Chi's repo;t is
superseded by the present NHTSA reevaluation, which is based on the

complete NCSS file and incorporates further analytical improvements.
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Chi's analysis was limited to nearside front-seat occupants
of cars whose damage at ieasf parfially overlapped theréompartment (2nd
letter of CDC was P, D, Y or Z). Single and multivehicle crashes were,
as a rule, not separately analyzed; however, 'number of vehiclés in the

accident'" was included among the potential control variables.

Standard 214 reduced thé likelihood of AISP 3 injuries by a
statistically sigﬁificant 21 percent (confidence bounds: & to 38). It
reduced AIS2 2 injuries by a nonsignificant 12 percent (confidence
bounds: =5 to 29.)‘. In the AISD2 analysis, "number of vehicles in the
accident'" was sélected as a contrdl variable. As a result, séparate
effectiveness estimates were obtained for single vehicle crashes (25%
reduction of AIS2>2) and multivehicle crashes (8% reduction). Separate

estimates were not obtained for AIS) 3.

The effectivéness estimates are based on a detailed
multivariate analysis, with sequential selection of control variables.
The list of potential control variables included side structure
characteristics other‘than Standard 214: type of B pillar, humber of
doors, bench or bhcket seat., (It did not include body—-and-frame vs.
unitized construction, which turned out to be key control variable in

Chapter 7 of this report.)

An analysis of door instrusion was carried out using the
intrusion data elements coded on NCSS beginning in April 1978. Because
of the high rate of missing data on those variables, the analysis was

limited to 219 cases. It attributed a statistically significant 2 inch
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reduction of door intrusion to Standard 214,

Some of the primary difference between Chi's methods of

analyzing NCSS and the present report are:

o Chi did not perform separate analyses of single and
multivehicle crashes. This report does and, moreover, Chapter 6, 7, 9
and 10 present %crong evidence that it is desirable to perform separate
analyses (partly because Standard 214 works by different mechanisms,

partly because the control variables have quite different effects).

o Chi used AIS-based injury criteria, which lead to large
sampling erroré when used with NCSS data. Moreover, the adjustment
factor used for calculating sampling error was basically the same as in
Kahane's 1979 report and probably understates the width of the confidence
bounds, especially when used with Chi's multivariate models. The present
report uses a hospitalization criterion (more suitable for NCSS) and a

direct, empirical procedure for analyzing sampling error.

o The category of side impacts used by Chi (nearside
occupants with 2nd letter of the CDC being P,D,Y, or Z) is superseded by
the categories used in this report (see Section 5.5 - same comment on

Kahane's preliminary evaluation).

o Some of the control variables considered by Chi - including
. . . . . 3
principal direction of force, extent of damage, horizontal damage
location, vertical location, lateral Delta V - are shown in Section

7.4.4, and Chapter 9 of this report to be inappropriate as controls,
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because their measurement appears to be confounded by Standard 214,

o Chi relied on control variables as a means of removing
biases in the effectiveness estimates due to differences of pre and
post-Standard 214 cars, their drivers, etc. This report devotes
considerable attention to biases that cannot be compensated by control
variables. Abovevall,‘it includes effectiveness estimates based on a

limited range‘of model yars before and after beam installation.

Despife the differences of analysis techniques, Chi's
estimates of AIS> 2 reduction come remarkably close to the estimates of

hospitalization reduction made in Section 7.8 of this report.
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CHAPTYER 6
FATALITY REDUCTION FOR STANDARD 214: ANALYSES OF FARS DATA

The Fatal Accideﬁt Reporting System (FARS) contains a virtual census of
the fatalities that have occurred since January 1, 1975. As of April
1982, FARS contafned over 175,000 passenger car occupant fatalities,
which have occurred over a 7-year period (1975-81). FARS is a powerful
tool for estimating the fatality reduction due to a safet; standard:

an estimate of fatality reduction that is independent of the injury
reduction estimates from other data files, FARS was used in earlier
evaluations to investigate the effect of energy-absorbing steering
columns ({44], pp. 197-211) and head restraints ([45], pp. 161-177). The
analysis methods developed in those gtudies are also applicable to

Standard 214,

There is definitive evidence that Standard 214 has significantly reduced

the fatality risk in single vehicle side impact crashes. The reduction

is about l4 percent, which corresponds to an annual prevention of 480
fatalities. On the other hand, Standard 214 has little or no effect omn
the risk of death in multivehicle side impact crashes -~ as will be

shown in this chapter,
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6.1 Analysis methods

There are some difficulties in using FARS data. Since FARS
only containg fatal accidents, it is not possible to compute fatality
rates per 100 tfaéal or nonfatal) crash involved occupants. So it is
not possible to'directly compare the occupant fatality rvates of pre-
and post-~Standard 214 c&rs. FARS can, however, be used to compute
indirectly the relative fatality risk of pre- and post-Stand&rd 214 -
cars: The occubant fatalities in side impacts are compared ts a

control group of fatalities unaffected by Standard 214. The side

impacts and the coatrol group should be similar except for the possible
effect of Standard 214, The fatalities are then tabulated by pre/post,

for the control group and the side impacts:

: , .control side

FATALITIES group impacts
last model year without side door beams N1l N2
first model year with side door beams Not Noo

The ratio Np|/Nyy is an indirect measure of the
likelihood of post-standard car fatalities relative to pre-standard.
[t takes into accouht the differences of exposure and the effects of

other safety devices ( if any). 1If Standard 214 had no effect in side

144



impacts, the expected number of fatalities in post-standard side

impacts would be Njy (Np /Ny ;). Thus

N? L N.n

E= -

is a measure of the effectiveness of Standard 214 in side impacts.
This analysis meghod was used in the evaluations of energy-absorbing
steering systems apd head restraints.

For the analysis to be valid, it is essential to minimize or
eliminate potential sources of bias, such as changes in the vehicle
fleet other than the implementation of Standard 214 or effects related

to differences in vehicle age. 'This is accomplished by:

(1) restricting the age range of the cars under study as
much as possible - preferably studying only cars of the
last year without and the first year with side door

beams.

(2) eliminating from the study those makes and models that
were built only before or only after Standard 214
implementation ~ thereby assuring that the pré— and
post—gtandard groups comprise basically the same set of

makes and models.
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Frontal impacts are chosen as the control group. They make a

good control group because, during the implementation period of

Standard 214 (1969-73), no major safety devices that affect frontal

impacts were installed (see Section 4.4),

Separate analyses are performed for single vehicle. and
multivehicle crashes, (Single-véhicle frontal impacts are the control
group for single-vehicle side impacts; multivehicle frontals for
multivehicle sidé.) FARS does not specify whether damage occurred in
the passenger compartment area, so compartment-damage crashes could not
be isolated from the others. FARS does, however, indicate which side
of the car was struck and on which side the occupant sat. Thus,
analyses are performed separately for neargide and farside occupants

and for both gréups combined.

These analyses and their resuslts are described in Section

6.3, "Analyses of side/frontal contingency tables."

A poséible shortcoming of these analyses is that tﬁe ratio
of side to frontal impacts may vary with vehicle age - e.g., older cars
may have relativeiy more head~on and fewer angle collisions; (See
Appendix F of [45], which attributes this tendency to the fact that
older cars are, 6n the average, driven more aggressively and are
somewhat overrepresented in nonmetropolitan areas.) If so, the
difference in the ratios found in the preceding analyses may in part
be due to vehicle age biases. It is useful to check the ratio of side

to frontal fatalities over a range of vehicle ages and find out if

there is a trend, The effectiveness of Standard 214 is measured by
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the amount of deviation from the trend line in the year that side door
beams were introduced. Section 6.4, "regressions of the proportions of

side and frontal fatalities,"

uses this approach,

Even chough frontal fatalities would appear to be a good
control group‘for the périod of Standard 214 implementation, there
remains the‘pogsihility-that the effect attributed to Standard 214 in
the preceding analyses could be due to some unanticipated change in the
control group.. ‘It;is desirable, then, to perform some kind of analysis
without a control group. With vehicle registration data and FARS side
impact fatality counts, it is possible to calculate the side impact

fatality rate per 1000 registered vehicle years, for a given class of

vehicles in a given calendar year. As a result, it is possible to
calculate the avérage side fatality rate, per 1000 vehicle years,
during 1975-81, for cars built one year before beams were installed
and for cars of the first year in which beams were installed. The
difference in the two rates gives yet another estimaﬁe forlthe
effectiveness of Standard 214 ~ gee Section 6.5, "side impact

fatalities per 1000 vehicles years."

A prébable shortcoming of this anélysis is that the side
impact fatality risk per 1000 vehicle years is quite likely té increase
as vehicle age increases.v In Section 6.6, '"regresgion of side impact
fatality rates pér 1000 vehicle years," the trend of the fétality rates
and the deviation from the trend attributable to Standard 214 are

analyzed.
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6.2 Data preparation

Fatalitie§ from the 1975-81 FARS files were selected and

prepared for analysis as follows:

(1) Only passenger cars from model years 1967-75 were
selected. That time period covers from two years before the earliest
cars with side ‘door beams through two years after the last cars
received the beams. 1t was a rather homogeneous group of cars: all
pre-downsizing and (except for some of the 1967's) meeting the major

frontal crashworthiness standards.

(2) 8Side and frontal impacts were defined according to the
"principal impact point." Left-side impacts were those with 8-10
o'clock impact points; right-side, 2-4 o'clock; frontal, 11, 12 or 1

o'clock.

(3) Drivers and left-rear passengers were classified as
"nearside'" occupants in left-side impacts, '"farside" in right-side
impacts; vice-versa for right-front and right-rear passengers.
Passengers in other and unknown seating positions were not used (both

in frontal and side impacts).

(4) The definitions of "single vehicle" and '"multivehicle"

crashes varied from year to year on FARS. For 1979-81, the vehicle's
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"most harmful event" was used: "single vehicle crashes' were those
which did not involve a collision with a motor vehicle (codes 12-14).
For 1976~78, thié data element was not codéd; "number of vehicles," an
accident-level variable, was used. 1In 1975, this variable‘was also
uncoded, so the accident-level variable "first harmful event' was used
in the same way as "most harmful event" was used in 1979-81. The
objective here was to classify as multivehicle those crashes in which
the catastrophic contact involved another motor vehicle. The criteria

for 1975-78 resulted in a small number of misclassifications.

(5) Mdjor objectives were to obtain '"comparable" samples of
pre- and post—standard cars and to pinpoint the last model year without
beams and the first model year with them., As a result, the following

makes and models were deleted from the study:

o all imported cars except the Volkswagen Beetle, since it

is uncertain exactly when they began to contain beams (see Table 4-1).

o 1970 Camaros and Firebirds; 1973 Beetles and Chrysler
Corporation cars (except Challengers and Barracudas): beams may have

I
been installed in midyear.

o Chevrolet Corvairs, which never had beams, nor is there a

comparable model which had them.
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0 Chevrolet Vegas, Ford Granadas, Cadillac Sevilles, eotc.,
which always had beams, but there is no comparable model which did

not.

These makes and models ?roduced only with (without) beams for
which there were more or less comparable models without (with) beams
were, however, not deleted. For example, the 1975 Olds Omega was
retained becausé the 1972 and earlier Chevrolet Nova were comparable
carg without be#ms.‘ Similarly, if a car line merely changed its name,
it was not excluded (e.g., Buick Wildcat and Centuriom). Finally, the
intermediate based Chevrolet Monte Carlo and Pontiac Grand Prix were
retained even though they always had beams: it was felt tha: the
sporty 2 door hardtop versions of the Chevelle, GTO, and LeMans were
more or less coﬁparable pre—-Standard 214 cars. Similarly, Dodge
Challengers are more or less comparable to the 1970 and earlier

Chargers,

(6)‘ The year of Standard 214 implementation was pinpointed
in each make and model, based on Table 4-1. Models not listed in that
table are classed with similar body types that are listed (e.g.,
Mercury Bobcat'withiFord Pinto). For Camaro and Firebird, the year is
1970.5; for Chryslers and VW Beetles, it is 1973.5. Next, the number
of years before_ér after the implementation year is pinpointed for each
model/model year combination - e.g., the 1972 Nova is the last year
withéut beams,'the 1973 Nova is the first year with them. For Camero
and Firebird, the 'last year without'" is 1969; the "first year with" is

1971, Chrysler and VW are similarly handled.
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Dodge Chérgers require special attention since they are
really two diéfergnt cars: up till 1970, they are specialty cars
comparable to.the Challenger; starting 1971, they are intermediates
comparable to the.Coronet. The problem is complicated because FARS
make /model codés changed in 1980 and 1981, Refer to Appendix A for
details on classifying the Chargers, as well as other details on the

data preparation,

6.3 Analysié of side/frontal contingency tables

6.3.1 First year with beams vs, last year without them

With the definitions of the preceding section, it is possible
to selegt‘and tabulate all the nearside, farside, and frontal
fatalities that occurred (during 1975-81) in cars of the first full
model year in which beams were installed - e.g., 1969 Impalas, 1970
Cutlasses, 197i Camaros and Mustangs, 1972 Thunderbirds, 1973 Gremlins
and 1974 Valiants. Similarly, it is possible to select and tabulate
fatalities in coﬁparable models of the last full model year before
beams were installed ~ e.g., 1968 Impalas,\1969‘Cut1asses'apd Camaros,
1970 Mustangs, 1?71 Thunderbirds, and 1972 Gremlins and Valiants.

These model/yéar combinations form the basis for the contingency table

analysis,

Table 6-1 shows the fatality counts in single vehicle
accidents., Frontal fatalities remained nearly unchanged (2349 in the

last year before beams, 2371 in the first year with beams). Nearside
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fatalities, however, decreased from 776 to 659. The decrease in the

nearside fatalities, relative to the frontals was:
1 - (659/776)/(2371/2349) = 16 percent

and it was statistically significant (chi-square = 8,18, p'<:05).

There was a comparabie decrease of 10 percent in the farside fatalities
although it was not quite statistically significant (chi-square =
2.27). The fatality reduction in all types of single vehicle side
impacts - nearside and farside combined - is 13 percent and it is

statistically significant (chi-square = 8.,33).

This FARS analysis confirms engineering intuition (Sectiomn
4.3.1) and crash damage data (Chapter 9)that Standard 214 is effective in

reducing fatalities in single vehicle side impacts. Moreover, the

results are consistent with the hypotheses that the standard is
beneficial for nearside and farside occupants - although this is not,
so far, a firm conclusion because the observed reduction for farside
occupants (10%) wés not. quite significant, 1In the next section, one
more model ycar of cars will be added to each side of the sample (i.e.,
last 2 years before vs., first 2 years after Standard 214) to check
whether the fatality reduction in single vehicle crashes persists in

the larger sample.

Table 6-2 shows the fatality counts in multivehicle accidents.

Frontal fatalities remained nearly unchanged (2991 in the year‘before vs.
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TABLE 6-1

SIDE AND FRONTAL FATALITIES IN SINGLE-VEHICLE CRASHES,
FIRST YEAR WITH BEAMS VS. LAST YEAR WITHOUT THEM, FARS 1975-81

Frontal Nearside Frontal Farside Frongal Near and Farside
Last model year without .
beams 2349 776 2349 548 2349 1324
First model year with
beams 2371 659 2371 499 2371 1158
Side impact fatalit
reduction ' ‘ 16% 10% 13%
Chi-square 8.18 2.27 8.33
(signif., & = .05) (not signif.) - (signif.)

TABLE 6~2

SIDE AND FRONTAL FATALITIES IN MULTIVEHICLE CRASHES,
FIRST YEAR WITH BEAMS V8. LAST YEAR WITHOUT THEM, FARS 1975-81

Frontal Nearside | Frontal Farside}Frontal Near and Farside
Last model year without
beams 2291 1325 2991 641 2991 1966
First model year with
beams . 2995 1420 2995 662 2995 2082
Side impact fatality
reduction ~7% -3% -6%
Chi-square 2.16 0.26 1.89
(not signif.) (not signif.) {not signif.)



2995 in the year after heams were installed) but nearside fatalities
increased from Iﬁ?% ta 1a20 in the cars with beams. Thie §a-a 7
percent increase in nearsitde tatalitied, which is, however, not
statistically significant (chi-square = 2,16). Farside fatalities also
increased slightly - by 3 percent. The overall fatality increase in
multivehicle cfashes (nearside and farside combined) is a
nbnsignificant'6 percent.

The FARS results are, at least, consistent with the hypo;heses
(Sections 4.3.1, 9.3.3 and 10.2.3) that Standard 214 wogld not have
large fatality—reduéing benefits, even for nearside occupants, in
multithicle cféshes and that it would have little or no effect on the
farside occupants. On the other hand, the ohserved increase in
nearside Eatéiities, although not statistically significan;, i8 a
matter for ceoncern and suggests a need for the analyses that follow.

As a first step, the sample is broadened to include one more model year

on each side.

6.3.2 First tworyears with beams vs, last two years without them

Table 6-3 compares the fatality counts in singlé-vehicle

accidents for cars of the last two model years without beams vs. the
first two modgl years with them. Frontal fatalities remained virtually
unchanged (4325.without beams, 4303 with them). But side impact
fatalities (near and farside combined) dropped from 2505 to 2137. This
is a relative decrease of l4 percent and it is statistic#lly

significant (chi-square = 17.78). The decrease is nearly identical to
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that which was‘shéwn in the preceding section (13%)., Moreover, with
the additional model year of data on each.side, the reduc;ion in
farside fatalities has become statistically significant and, as a
matter of fact, it is virtually the same as the nearside fatality
reduction (15% vs, 14%). Thus, the addition of an extra model year on
each side hardly changed the results - it only strengthened tﬁeir
statistical significance., The ratio of side to frontal fatalities, in
other words, changed significantly in the year that beams Qere
introduced but hardly changed at all in the preceding and the

subsequent year.

From this analysis, it i{s already clear that:
o Standard 214 significantly reduced the fatality risk in

single vehicle gide impact crashes

o The reduction was virtually the same for nearside aad

farside occupants

Nevertheless, altérnative estimates of the single-vehicle fatality
reduction will beiobtained in the remainder of this chapter,.in order
to check that‘thé effects observed here are indeed due to Standard 214
and ‘not some anomély in. the control group. However, only the remaining
analyses for near and farside occupants combined will be éerformed,
since it is evident that Standard 214, if indeed effective, is

effective for both types of occupants.
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Table 6-4 compares the fatality counts in multivehicle

crashes, Again, the addition of a model year on either side left the
results virtually unchanged. Frontal fatalities were nearly the same
(5652 in the 2 years before vs. 5627 in the 2 years after). Nearside
fatalities increased from 2541 to 2728, which is an increase of 8
percent relative to the frontals. The increase is just a bit more than
what was found in the preceding section (7%). Moreover, since the
sample 1is nenrly.twice as large, the increase has become statistically
significant (chi-square = 5,11), Could this mean that Standard 214
actually increases multivehicle crash fatalities or is thgré a bias 1in
the analysis gechnique (viz., that newer cars have a higher ratio of
angle to head-on collisions than older cars)? The question is

addressed by the remainder of this Chapter.

Tabté 6-4 does confirm, however, that Standard 214 has little
or no effect on the fatality risk of farside occupants in.multivehicle
crashes. The obsé}ved increase of 3 percent is identical to what was
found in Table 6-2 and is nonsignificant (chi-square = 0;51) desgpite
the large number of fatalities in the sample. The farside fatalities
are omitted from the multivehicle crash analyses in the reﬁainder of
this chapter, since it appears that the engineering and statistical
evidence is‘already sufficient to conclude that Standard 214,has

negligible effect on them,
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TABLE 6-3

SIDE AND FRONTAL FATALITIES IN SINGLE-VEHICLE CRASHES,
FIRST TWO YEARS WITH BEAMS VS. LAST TWO YEARS WITHOUT THEM, FARS 1975-81

Last two years without
beams

First 2 model years with:

beams

Side impact fatality
reduction

Chi~square

Frontal Nearside| Frontal Farside |Frontal Near and Farside
4325 1451 4325 1054 4325 2505
4303 1247 4303 890 4303 2137
14% 15% 14%
10.98 10.62 17.78
(signif., X = .05) (signif.) (signif.)
TABLE 6-4

SIDE AND FRONTAL FATALITIES IN MULTIVEHICLE CRASHES,
FIRST TWO YEARS WITH BEAMS VS. LAST TWO YEARS WITHOUT THEM, FARS 1975-81

Last two model years
without beams .
First 2 model years with

beams
Side impact fatality
reduction

Chi-square
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'Frontal Nearside | Frontal Farside| Frontal Near and Farside
5652 2541 5652 1182 5652 3723
- 5627 2728 5627 1215 5627 3943
-8% ~-3% ~6%
5.11 0.51 4.36
(signif.) (not signif.) (signif.)



6.3.3 Confidence bounds for the fatality reduction in single
vehicle crashes

The estimate of fatality reduction in single vehicle side
impacts that was obtained in Section 6.3,2 was based on combining 7
calendar years of FARS data (1975-81). Each of the individual calendar

years of FARS is a subsample of the file that was used.

An empirical and conservative method for estimating the error .
of the FARS result is to perform the calculation of effgctivéness
separately for each of the 7 calendar years of FARS and to examine the
variation of the results. This approach was used in the evaluation of
energy-absorbing steering columns ([44], pp. 204-209) and head

restraints ([45], pp. 165-168).

Table 6~5 compares the side and frontal fatalities in single
vehicle crashes, last two years before vs. first two years after
Standard 214, By'célendar year of FARS, "Side" fatalities include neari
and farside occupants. Table 6~5 igs identical to the rightmost portion:
of Table 6-3, éxcept that the data have been subdivided By calendar
year of FARS. .The effectiveness of Standard 214 is also calculated forf
each calendar yéAr. It is always greater than zero, ranging from a 3
percent fatality reduction in 1978 to a 20 percent reduction in 1976

and 1980.
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TABLE 6-5

SIDE AND FRONTAL FATALITIES IN SINGLE-VEHICLE CRASHES, FIRST
LAST TWO YEARS WITHOUT THEM, FARS 1975-81,

TWO YEARS WITH BEAMS VS,

BY CALENDAR YEAR

Single-Vehicle Crash Fatalities

FARS Car ‘Observed

Calendar Model Effectiveness

Year Years Frontal Side Total of Std., 214 (%)

Ni Ei

1975 Last 2 MY w/o beams 688 440 2027 8.44
First 2 MY w. beams 567 332

1976 Last 2 MY w/o beams 729 466 2206 20.38
First 2 MY w. beams 670 341

1977 Last 2 MY w/o beams 718 379 2024 8.46
First 2 MY w. beams 625 302

1978 Last 2 MY w/o beams 675 358 2011 2,64
First 2 MY w. beams 647 331

1979 Last 2 MY w/o beams 609 355 1909 18.64
First 2 MY w. beams 641 304

1980 Last 2 MY w/o beams 537 303 1841 20.49
First 2 MY w. beams 691 310

1981 Last 2 MY w/o beams 369 204 1252, ° 15.04
First 2 MY w. beams 462 217

7 Year

Total Last 2 MY w/o beams 4325 2505 13,270 14,25

beams 4303 2137

First 2 MY w.
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Let'Eilbe the cffectiveness estimate based on FARS data
from calendar year i and N; be the total number of fatalities in the
table for ycar‘i (side plus frontal, pre plus post). Note thntlg =
14.25 percent is'tﬁe overall effectiveness of Standard 214 for the 7

years of FARS combined. Let

I'nj.l ) 3 l/
- }_l N, (E. -1.057) L
RS 1A

S = | = 9,85

i1

6 27 N;

YL Y

Then § is a measure of the variation of the FARS effectiveness
estimates from year to year. (A weighted sum of squares is used

; . . ' WS
because the available sample size varies from year to year and E = 14,25
is used rather than the average of the E;'s because the latter is a

biased estimate of effectiveness.)

Let E be the effectiveness of Standard 214 calculated using 7
A B
years of FARS. Then (E - E)/(S//7 ) is roughly t distributed with 6

degrees of freedom. Thus, a lower confidence bound for effectiveness

(one-sided o = .05):is given by
A
E - 1.943 s/J7 = 7 percent

The upper confidence bound for effectiveness is

A
E+ 1.943 s//7 = 21 percent

160



h.4 Regressions of the proportions of side and frontal fatalities

The preceding analyses of multivehicle crashes may have

resulted in a bias against Standard 214: the post-standard cars were,
oun the average,;L year newer than the pre-standard cars in Section
6.3.1 and 2 yeérs'newer in Section 6.3,2. Newer cars tend to have a
higher ratio of (fatal and nonfatal) side impacts to frountal impacts
than old cars - sée, for example, Appendix F of [46], Thérefore, a
somewhat higher'fa;io of side to frontal fatals would also be expected
in the post-standard cars: a spurious ''negative'" effect for Standard
214, oOf course,'ghe effect was probably small, because the age
difference in tﬁé.ﬁreceding analyses was just 1l or at most 2 years,
But it could have been the factor that produced the significant

fatality increase found in Section 6.3.2.

Multiple regression analysis of the side and frontal fatality
counts over the full range of model years 1967-75 permits removal of
the vehicle age bias. In addition, the analysis helps check whether
the results from Section 6.3, which were based on a narrow range of
model years, are consistent with results based on a broader sample.

For this purpose, the regression is also performed on the

single-vehicle crash fatality counts.

When the full range of model years 1967-75 is analyzed,
two further problems arise. First, beams were not introduced in all
cars at the same time, but were generally introduced first.on';he

larger cars, which have lower fatality rates. Unless this is
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accounted for in the analysis, the regression model may spuriously
attribute to Standard 214 an "effect' which is actually dué to the
order in which beams were introduced. The other problem is that 1967
Ford Motor and Volkswagen cars do not have energy-absorbing steering
columns - thereby reducing the ratio of side to frontal fatalities for
-a reason unrelated to Standard 214. These models (which were never
usedvin Section 6;3, gsince they are more than 2 years before beams were

installed) have to be excluded from the regressions.

The makes and models on FARS are grouped into 7 claéses,
according to tﬁe model year in which beams were first installed (see
Section 6.2). The fatality counts (side and frontal impaqts) are
tabulated in each of these classes by model year (1967-75) and calendar

year (1975~81). For single-vehicle crashes, the dependeant variable is

s}ciz suw)le —Jeh. bl hes

R = : .
: Sde g v by b fronbal singesch b

For multivehicle crashes, the dependent variable is

nehrwctt M\J’LCLM.;L'\. (a}««[l /ﬂ’S

Ry = :
Nearside malkiveh o daky  + Gkl mu thveh. fubs,

for a given beam implementation year, model year and calendar year.
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The independent variables are

BEAMS = 1 if beam-equipped; O if not beam equipped .

AGE = vehicle age = calendar - model year

AGEZ, to account for possible nonlinearity of the age
effect

T70, T70.5, T71, T72, T73, T73.5 - indicating the model year

in which the transition to beams was made. For example,

T7l = l‘for cars which first obtained beams in 1971, = 0

otherwise, Note that for full-sized GM ca;s (transition in

1969), all of these variables are zero.

cY75, CY76, CY?7, CY78, CY79, CY81 - indicating calendar

year., For example, CY77 = 1 for 1977 accidents, = 0 other-

wise,

Over the 7 years of FARS data, AGE ranges from 3-14 for the
pre-standard cars and from 0-12 for the post—-standard cars. In other
words, the raunges overlap greatly and AGE is not confounded with BEAMS
in a manner that would invalidate the regression. The régression

weight factor for single vehicle crashes is

N = side single-veh. + frontal single-veh. fatalities

and for multivehicle crashes it 1is

No = nearside multiveh. + frontal multiveh. fatalities
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The regression equation that best fits the observed, weighted

data on single-vehicle accidents is

R| = .2704 - ,0307 BEAMS
+ .0088 AGE - .0006 AGEZ

L0481 T70 + 0745 T70.5 + .0517 T71 + .0484 T72

+

0415 T73 + .0341 T73.5

4

+ 0457 CY75 + .0432 CY76 + .01l74 CY77 + ,0149 CY78

+ .0222 CcY 79 + .0298 CY8l
and the multiple correlation coefficient is .44 and df = 409, The
negative coefficient for BEAMS suggests that Standard 214 is effective

- t.e., it reduces side fatalities relative to frontal fatalities.

The weighted average of R| was

Ry = 3444

"Since about half of the cars in the sample are equipped with

side door beams, a good approximation of the observed effectiveness of

the beams in single-vehicle crashes 1is given by

E‘ = .0307/. t— (E.' ,050//:.)
l | & ——————— | = 13 percent
E,!.OscyL |-(g‘+iuobq)
where -.0307 is the regression coefficient for BEAMS.
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This estimate is nearly identical to the estimates of the
preceding section (which were 13 percent for last year before vs. first
year after and 14 percent for last 2 years before vs. first two years
after). Thus, Ehe,inclusion of a wider range of model years and
control for vehicle age did nothing to change the previous results,

which were apparently not biased.

The standard deviation of the regression coefficient for
BEAMS is .0l176. The null hypothesis that the coefficientvis zero can
be tested by computing t= ~,0307/.01176 = -2,61, Since this quantity
is in the criticai region of a t distribution with 409 df, the null
hypothesis is rejected. Standard 214 significantly reduces fatalities

in single-vehicle crashes.

The‘regréssion equation that best fits the observed, weighted

data on multivehicle accidents 1is

Ry = .3243 + .0092 BEAMS

+,0005 AGE - .0003 AGE2

.0253 T70 - .0002 T70.5 + .0326 T71 - .0023 T72 ~ .0047 T73
- .0086 T73.5

- .0216 CY75 + .0033 CY76 + .0041 CY77 + .0079 CY78

+ 0077 CY79 + .0019 CY8I

and the multiple correlation coefficient is .34 and df = 408. The
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positive coefficient for BFAMS suggests that the effectiveness of
Standard 214 is negative -~ i.e., nearside fatalities increaééd relative
to frontal Fatélifies.

The weighted average of R, was

Ry = .3232

Since about half of the cars in the sample are equipped with side door

beams, a good approximation of the observed effectiveness of beams for

nearside occupants in multivehicle crashes is given by

R, @t 1~ (R, r.0042/2 ) '
L -} s = = <4 percent
R,= 009 = (R, — -0091/2)

where +.0092 is the regression coefficient for BEAMS.

Thié estimate of the fatality increase is only about half as
large as thoge of the preceding section (which showed a 7 percent
increase for the first year after vs. the last year before and an 8
percent increase for the first 2 years after vs. the last 2 years
before). Thus, the regression supports the conjecture that the earlier
estimates may havé contained a slighf vehicle age bias which worked

against Standard 214,

The'standard deviation of the regression coefficient for
BEAMS is .0106, jThe null hypothesis that the coefficient islzero can
hbe tested by~¢§mputing t= .0092/.0106 = 0,87. Since this quantity is well
within the acceptance region of a t distribution with 408 df, the null

L]

hypothesis is acceptable in that Standard 214 has no effect on fatalities

in multivehicle crashes.
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h.5. Side impact fatalities per 1000 vehicle years

Each of the analyses so far used frontal impacts as a control
group. It is possible that some of the effects attributed to Standard
214 could have been due to some unanticipated change in -the frontal

impacts such as:

o safety improvements other than Standard 214 in
the year before, during or after Standard 214

implementation

o a coincidence that frontal fatalities, just by
chance, happened to increase (or decrease) in the

year that beams were installed

It wéuld be desirable, then, to check the preceding results
by developing. a measure of side impact fatality risk which does not
rely on the c0n£r01 group. The most suitable measure of risk -
fatalities per 100 (fatal or nonfatal) accident-involved occupants - is
unavailable because FARS does not provide counts of nonfatal accidents,
Another measure of risk which has been used extensively by the Agency

[8], is the number of fatalities per 1000 vehicle exposure years. The

fatality count from FARS for a particular group of makes and models in
a particular calendar year is divided by the number of cars of that
type that were on the road in that year. The latter number is derived

from vehicle registration data.
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Specifically, the objective is the fatality rate, during
1975—81; for cars of the first model year in which beams were installed
(e.g., 1969 Impalas, 1970 Cutlasses, etc.). It is compared to
the fatality rate, during 1975-8l, for cars of the last moﬁel year in
which Beams were not installed (e.g., 1968 Impalas, 1969 Cutlasses,
etc.). ?atality and registration counts are needed for calculating the
rates. The fatality counts from FARS are shown in Tables 6-1 and 6-2.
Registration couﬁts could be readily computed if data were available
for vehicle registrations by make and model, model year (1967-75) and
calendar year (1975-81). 1In that case, it would be possible to
pinpoint the specific model/year combinations that were the first year
in which beamé were installed and sum up the registrations,'for those
models and model years, over calendar years 1975-8l1., Unfortunately,
registration daﬁa by make and model are not available for the range of
model years and calendar years under consideration. A substitute for

actual registration counts needs to be developed.

Production or U.S. sales of 1967-75 cars, by make, model and

model year, are available from Ward's Almanacs for 1968-76. '"MVMA

Motor Vehicle Facts and Figures '81" provides, on p. 24, a table of the .

number of cars of a specific model year that are still on the road in

the middle of any subsequent calendar year. That number can be divided

into the original production to obtain the percentage of cars of a
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specific model year still on the road in a later calendar year - i.e.,
the percent of cars still on the road as a function of vehicle age.
Table 6-6 giveslthe average percent of cars still on the road as a
function of vehicle age. It is derived f;om the registration figures
of 1965-75 cars in calendar years 1974-80 shown in the MVMA table,
Finally, an estimate of the registrations by make, model, model year
and calendar year is obtained by multiplying the original model year
production by the percentage shown in Table 6~6 corresponding to the
difference in model year and calendar year. For example, since 100,000
Cougars were produced in model year 1969, it is estimated'that 55
percent of them - 55,060 - were still on the road in mid-calendar year

1979.

At this point, the model/year combinations which had beams
for the first time.&ere picked out (1969 Impalas, 1970 Cutlasses,
etc.), excluding those which were not used in the FARS tabulations of
fatalities (viz., 1§7l Vegas - see Section 6.2), and the above
estimates of exposure that each of these model/year combinations
accumulated through 1975-81 were added up. A similar computation is

performed for cars of the last model year without beams.
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TABLE 6-6

- PERCENT OF.CARS STILLL ON THE ROAD AS A FUNCTLON OF VEHICLE AGE

Calendar Year Minus Percent of Model Run Still Registered
Model Year on July 1 of that Calendar Year

0 61%

1 100

2 ' ' 99

3 - 98

4 ¥ 95

5 , 92

6 ' 89

7 ' 83

8 75

9 65
oo 55

1l 44
12 | 35

13 » 28

14 ‘ 22

*A substantial portion of the current model year run has not yet been

sold and/or registered by July 1.

170



Table 6-7 shows the fatality rates per 1000 vehicle exposure

years, during 1975-81, for cars of the first model year in which beams

were installed and compares them to the rates for cars of the last year

without beams, -

TABLE 6-7

SIDE IMPACT FATALITY RATES PER 1000 VEHICLE YEARS,
DURING 1975-81, IN SINGLE-VEHICLE AND MULTIVEHICLE CRASHES,
FIRST YEAR WITH BEAMS VS. LAST YEAR WITHOUT THEM

Vehicle Exposure
Years in 1975-81

Single-Veh. Side
Impact Fatalities, 1975-81

Multiveh. Nearside
Fatalities, 1975-81

(000) N Rate N Rate
; Last model year :
without beams - 45,796 1324 .0280 1325 .0289
First model year
with beams 51,699 1158 .0224 1420 .0275
" Reduction for
post-standard 23% 5%

Cars of the last model year before beams were installed

accumulated a total of 45,796,000 vehicle years of exposure during

1975~-81 and there were 1324 single vehicle side impact fatalities in

. those cars during those years. This is a rate of .0289 fatalities per

1000 years. Cars of the first model year with beams had 1158 single
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vehicle side impact fatalities in 51,699,000 exposure years during
1975-81 - a rate af onlv (0224 fatalities per 1000 years. Thus, the

fatality rate in single-vehicle crashes Jdecteased by 25 peveeat,

The fatality rate for nearside occupants in multivehicle

crashes decrvased by 5 percent in the year that beams were installed.

These findings are considerably more favorable to Standard
214 than any.of the results using the frontal fatality control group.
The single*vehicle‘crash fatality risk dropped by 23 percent.here but
by only 13 or 14 percent in the earlier analyses. The multiyehicle
crash fatality risk was reduced by 5 percent here, wherea§~in the

‘earlier analyses it increased by & percent or more.

There iévreason to believe, however, that the present
findings contain a substantial vehicle age bias in favor of Standard
214, Whereas in the preceding analyses, the age bias was a second-
order factor (i.e., both the side impacts and the coutrol groups are
subject to age biases, but are they different age biases?) it is a
first-order factor here - the post~standard cars are one yéar younger
than the pre—s;andard cars and there is nothing that controls for the
age differcnce. Under these circumstances, even a 1 year age
difference can substantially bias the results, as the next analysis

will confirm.
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Evidénpe of the bias 1is obtained by e#tending the sample to
include one mofe model year on each side. Table 6-8 shows the fatality
rates, per 1000 vehicle years, during 1975-81, for cars of the first
two model yearé.Qith beams and compares them to the rates for the last
two model years without them. Compare the results to Table 6~7. The
fatality reduction has escalated from 23 to 29 percent in single

vehicle crashes and from 5 to 10 percent in multivehicle crashes.

TABLE 6-8

SIHE IMPACT FATALITY RATES PER 1000 VEHICLE
YEARS; DURING 1975-81, IN SINGLE-VEHICLE AND MULTIVEHICLE
CRASHES, FIRST 2 YEARS WITH BEAMS VS. LAST 2 YEARS WITHOUT THEM

Vehicle Exposure | Single-Veh. Side "Multiveh. Nearside
Years in 1975-81 | Impact Fatalities, 1975-81| Fatalities, 1975-81
(000) N Rate N Rate
Last 2 model years '
without beams 84,872 2505 L0295 2541 .0299
First 2 model years -
with beams 101,270 2137 L0211 2728 .0269
Reduction for
post-standard 297% 10%

Now, these findings contrast with the results based on the frontal
control group (Sections 6.3.1 and 6.3.2). In the latter, the inclusion
of an extra model,ypur on either side hardly changed the result (the

single-vehicle Tatality reduction increased from 13 to 14 percent; the
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multivehicle fatality reduction decreased from -7 to ~8 percent).
Here, however, the results became consistently and substantially more
favorable to Sfandard 214. The vehicle age bias is evidently much

stronger in the analysis with no control group.

In order to produce valid results on Standard 214
effectiveness based on fatality rates per 1000 years, an analytic
procedure.tha; compensates for the vehicle age bias is obviously
needed. The desired procedure is a regression on the fatality rates by.

vehicle age and other factors.

6.6 Regression of side impact fatality rates per 1000 vehicle

zears

The procedure that was used for regressions of the
proportions of side and frontal impacts (Section 6.4) can also be
applied, with minor changes, to the side impact fatality rates per 1000

car years.

As in Section 6.4, the makes and models ou FARS afe grouped
into 7 classes, according to the model year in which beams were first
installed. The_;idé impact Eatnlityrcounts are tabulated in each of 7
these classes by;ﬁodel yeatr (1967-75) and calendar year (1975-81). The
number of vehicle exposure years is estimated, by model year-and |
calendar year, for the same 7 classes of vehicles - using the

estimation procedure described in Section 6.,5. Each fatality count
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is divided by the corresponding exposure years, yielding a matrix of
fatality rates by beam installation class, model year and calendar

year.

Past experience in analyzing these types of rate§ indicates,
however, that they do not increase linearly with vehicle age. Instead,
the increase in the rate is proportional to the rate itself. Likewise,
the reduction in the rate due to a safety device also tends not to be a
constant, bﬁt rather a percentage of the rate itself, For-these
reasons, linear.regression of the rates is unlikely to produce
meaningful résults. Instead, the logarithms of the fatality rates
should be used ag the dependent variables. (See [497 and [71] for
further discusgion. In fact, linear regressions on the rates were

tried and found to assign large spurious benefits to Standard 214.)

Thus, for single vehicle crashes, the dependent variable is

S'».)\e. .;AI\AJL.’-VLL\ "“‘l",'J‘H’.',
'W\On’)um,ls of cwnr ‘3,4,&»(‘5

iog Ry = log

)

For multivehicle crashes, the dependent variable is

mulhith. newrside fotal bics

log Ry = lo
. 8 2 & flr\uw.-avuls ((’ I 7gnr$

for a given beam implementation year class, model year and calendar year.
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The igdependent variables are
BEAMS =1 if beam-cquipped, 0 if not beam equipped
AGE = vehicle age *':aleniar veal - mOde L yeadl
T70, T70.5, T71, T72, T73, T73.5 - indicating the model year in:
which transition to beams was made. For example, T71 = 1 for -
cars which first attained beams in 1971, = 0 otherwise

CcY75, CYy76, CY77, CY78, CY79, CYBl1 - indicating.calendar year.

For example, CY77 = 1 for 1977 accidents, = 0 otherwise

Over the 7 calendar years studied, AGE ranges from 3-14 for pre-standard ;
cars and from 0-12 for post-standard cars. In other words, the ranges
overlap greatly and AGE is not confounded with BEAMS in a manner that
would invalidéte';he regression, Note that ACEZ, wﬁich was used in
Section 6.4, ié hot used here: the simpler model ;og R = C; AGE + ...
appears to be adequate for modeling the nonlinear relationship [71]. The _

regression weight factor for both single and multivehicle crashes is

N = thousands of vehicle years \
The regression equation which best fits the observed, weighted

data on single-vehicle accidents is

log Ry = = 4.553 - .151 BEAMS
+ .0733 AGE
+

.49 T70 + 1.15 T70.5 + .22 T71 + .28 T72 + .54 T73

+

.30 T73.5 + .11 CY75 + .14 CY76 - .02 CY77

+

.03 CcY78 + .02 CY79 - .26 CY81
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and the multiple correlation coefficient is .75 and df = 408. The
negative coefficient for BEAMS suggests that Standard 214 is effective -

i.e., the side impact fatality rate is lower when BEAMS = 1.

The effectiveness of Standard 214 is readily derived from the
model, which formulates the fatality rate Ry = Ry (BEAMS, AGE, T70,
., CY81) as. a function of BEAMS, AGE, etc. Let aj, ..., aj3 be an

arbitrary set of values for AGE, ..,, CY81l. "Effectiveness of Standard

14," is always defined by

et

_ R.(I,C\,;~ ')(«,3)
R‘.(O) Ay s -0 ”\43)

Effectiveness

ot (s ) = b R 0,5 o]
e \

=] - e--151

14 percent,

regardless of‘what.values a1, ..., ay3 are assigned to the other

independent variables.,

This estimate is identical to the one obtained in Section 6.3.2
(comparison of two years before vs. two years after with frontal control
group) and just 1 percent higher than the estimates of Sections 6.3.1 and

6.4. Thus, all of the analyses of single vehicle accidents (except for
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Section 6.5, where there was uncorrected age bias) consistently produce

estimates of effectiveness of 13 or l4 percent.

The standard deviation of the regression coefficient for BEAMS

is .053. The null hypothesis that the coefficient is zero can be tested

by computing t = =,151/.053 = -2.85. Since this
critical region of a t distribution with 408 df,
rejected, As in.all previous analyses of single

fatality reduction is statistically significant,

The regression equation that best fits

data on multivehicle accidents is

log Ry = - 4,307 + .0049 BEAMS
+ .0422 AGE + .05 T70 + .40
+ .65 T73 + .34 T73.5 + .18

+ .30 CY78 + .14 CY79 - .23

quantity is in the
the null hypotheses is

vehicle accidents, the

the observed, weighted

T70.5 + .13 T71 - .08 T72
CY75 + .21 CY76 + .25 CY77

CY81

and the multiple correlation coefficient is .70 and df = 410. The very

small positive coefficient for BEAMS suggests that Standard 214 has

negligible effect on the fatality rate. Indeed,

Effectiveness = 1 ~ e-0049 = ¢ (i.e., within 0.5% of zero).

The standard deviation of the regression coefficient is .049, so a

confidence interval for effectiveness is given by

0ovq £ LGNS - oyd

1 ~e =(=-9%, + 7%)
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Thus, after correcting for the vehicle-age trends, it appears that the

introduction of side door beams had no effect on nearside fatality.

rates in multivehicle crashes. Perhaps, the negative (-47,

nonsignificant) result obtained in the regression using the frontal
crash control group (Section 6.4) is attributable to minor anomalies in

the control group.

The regressions were rerun on froatal fatality rates, in
order to check that the regression model is not attributing spuriods
"benefits" (or disbenefits) to Standard 214 in frontal crashes. It was
reassuring to'fiﬁd that the regression did not attribute any
significant éfféct to Standard 214 in either single or multivehicle
frontals. The observed "effects'" were 5 percent and 4 percent fatality
reductions, respectively, neither of which came close to spatistical

significance.

6.7 Summafy of results

Two basic methods were used for analyzing the effect of
Standard 214 on fatalities: (1) Comparison of the ratio'of side impact
to frontal (controi group) fatalities, before and after Standard 214.
(2) Comparison of the side impact fatality rate per 1000 vehicle years,
before and aftér‘Standard 214. Each method, in turn, was applied to
simple tabulations of fatalities and as part of a regression model.

Alternative tabulations were performed for fatalities one or two years
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before and after beams were installed. The results, for single vehicle
crashes and for nearside occupants in multivehicle crasheé,‘a}e shown

in Table 6-9.

Four estimates of the effectiveness of Standard 214 in single-vehicle
crashes appeared to be relatively unbiased: all 3 results using the
control group and the regression of fatality rates. Two of;fhem
indicated a 14 percent fatality reduction; the other 2, 13'percent.
Each of these observed reductions was statistically significant. Since
the two estimafé§~of 14 percent were more statistically reliable than
the other two (as indicated by the sample size in the tabulation and
the multiple correlation coefficient in the regression), 14 percent is

the "best estimate" of the overall fatality reduction, due to Standard

214, in single-vehicle side impacts. In Section 6.3.3. empirical
confidence bounds were derived for this fatality reduction: 7 to 21

percent.

Since approximately 3400 fatalities would have occurred in
single vehiclé_side impacts during 1980 if Standard 214 héd not been
promulgated (sée'Section»ll.Z.l), the 14 percent fatalitylreduction
corresponds to an énnual saving of 480 lives when all cars on the

road meet the étandard (see Section 11.2.1 for more details).

Only the two regressions appear to have produced unbiased

estimates of the effect of Standard 214 on nearside occupants in
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TABLE 6-9

FATALITY REDUCTIONlFOR STANDARD 214: SUMMARY OF FARS RESULTS

Fataslity Reduction (%)

In Single-Vehicle

Crashes
‘Based on comparison of side
and frontal impacts
First year with beams vs. last
year w/o them ‘ 13
First 2 years with beams vs. last
2 years w/o them 14
Using regression model 13
Based on side impact fatality rates
per 1000 vehicle years
First year with beams vs. last
year w/o them ~ 23%%
First 2 years with beams vs. last ,
2 years w/o them - 29%*
Using regression model 14

*Suspected of bias agdinst Standard 214

**Suspected of bias in favor of Standard 214

181

Multivehicle Crashes,
Nearside Occupants

Sk

10%%



multivehicle crashes. The two results were, respectively, a 4 percent
fatality increase and no change at all. Even the 4 percent increase
did not come close to statistical significdance. The rvegression that
showed no change At all had a substantially higher multiple correlationl
coefficient. Tﬁe FARS results are highly consistent with the
hypothesis that étandard 214 has little or no effect on fatalities in

multivehicle crashes.

Chapter 7 presents analyses of National Crash Severity Study 7
data on life-threatening (AIS 2 4) injury reduction which are

consistent with the FARS results on fatalities.

Chapters9 and 10 explore NCSS and FARS data to seek reasons
why Standard 214 reduced fatalities in single-vehicle crashes, but not

multivehicle crashes.
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CHAPTER 7

SERTOUS INJURY REDUCTION FOR STANDARD 214:
ANALYSES OF NCSS DATA

Since 19%7, the National Crash Severity Study (NCéS) has been a
primary source of.détailed information on vehicle and injury performance in
highway accidents invoiVing passeﬁger cars. NCSS is a probaBility sample
of 12,050 towaway accidents which occurred during 1977-78 and were
investigated by‘multidisciplinary teams. The data are used to-evaluate
the reduction in hospitalizing injuries attributable to Standard 214. The

anaiysis method is similar to that used in the evaluation of energy-absorbing

steering columns ([447, pp. 138-197).

The analyses of this chapter show that Standard 214 has signifi-

cantly reduced the risk of hospitalization in single vehicle side impact

crashes. The reduction is about 25 percent, corresponding to an annual

prevention of 5000 hospitalizations. The benefits are not limited to

occupants sitting on the side of the car that was damaged nor to crashes in
which the door is the focal point of the damage - in fact, Standard 214
appears to lessen injury risk in nearly all types of single-vehicle side

.impact crashes.

The analyses also show that Standard 214 has significantly reduced

the risk of hospitalization in multivehicle side impact crashes but primarily
for occupants seated adjacent to a door which was the center point of the

impact damage. The reduction for these occupants is about 25 percent,
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corresponding to an annual prevention of 4900 hospitalizations. In

impacts not centered on the doors and for occupants not sitting next to a

struck door, the benefits of Standard 214, if any, appear to be negllgiblé.

7.1 NCSS overview, definitions and analysis methods

Seven multidisciplinary accildent investigation teams collected
the NCSS data auringrl977—79 under contract to NHTSA. The geographical
areas 1n which they worked were chosen by NHTSA to represent the United
States as a whole, both in terms of regional and rural/urban distribution.
Each team selected accidents for investigation within its area according t§
a strict probability sampling scheme., The sampling frame included all
police~-reported automobile towaway accidents - i.e., crashes in which at
least one passengér car was towed from the scene due to crash damage. NCSS
investigators supplemented the police report with théir own investigationsi
of vehicle exterlor and interilor damage and obtained injury‘information

from medical records and driver interviews.

A detailed description of NCSS may be found in [447, pp. 138-148;

and in [65].

The effectiveness of Standard 214 is the relative difference in
the injury rates, per 100 side-impact involved occupants, iq pre~ and posté

standard cars. -In order to calculate injury rates, it is necessary to know:

(1) How many persons were involved in "side" impacts
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(2) How-many of them rode in cars meeting Standard 214

(3) How many of them were "injured."

7.1.1 Definitipn of side impact and nearside/compartment impact

NCS$-data include a Collision Deformation Classification [12],

whose first letter indicates the general area of damage. Side impacts are

defined here to be vehicles whose primary damagé is on the left or right

side - the first letter of the primary CDC is L or R -~ but exc1uding

rollovers resulting.in side damage (first letter L or R and 4th letter 0).
This definition:differs from the FARS analyses (Chapter 6) and the 1979

report [46], which did not exclude side damage rollovers. Also excluded

from the present NCSS analysis are convertibles, El Caminos and Rancheros -
the first, because they are no longer sold in significant numbers; the others,

in order to confine the study to "pure'" passenger cars.
y P

The preceding definition includes all car occupants in all side
impacts. Protectlion from intrusion, however, ié thought to be especially

important for the occupant sitting adjacent to a door that was damaged.

Some of the analyses will focus on these 'nearside occupants in compartment

impacts,'" who are defined as follows:
impaccs

A left front or left rear seat occupant 1s a nearside occupant
if the damage is on the left side; the right front and right rear occupants
are nearside if the damage {s on the right. All other occupants, including

those in center seats, are called "farside" in this study.
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A compartment impact is one whose damage 1s centered In the car's

front door areé.'.Qn the NCSS File, the centerpoint of the damage is given

by the variable V1IMPDD, which is the "D" input parameter to the CRASH
program ([65], p. 5-28, [547). Based on measurements of a variety of

cars, it was foundrthat impacts with VIIMPDD in a range of -15 to + 45 inches
are centered on; or at least very substantially overlap with the front doof.
Note that this définition is quite a bit more restrictive than those of
earlier studies, thch were based on the 2nd letter of the CbC being P, D,

Y or Z. The earlier definition allowed many impacts which just minimally :
involve doors to be classified as "compartment impacts." (The older 7
definition, however, is used for the 18 percent of the NCSS side impacts

for which VIIMPDD is unknown.)

7.1.2 Definition of pre- and post-Standard 214

Table 4-1 lists, by make and model, the model year in which
side door beams were first installed. Caré of that model year or subsequeﬁt
years are defined to be '"post-standard" in the NCSS analysfs; earlier carg
are pre-standard. TFor cars that were cénstructed with beamé in mid-model -
years (Camaros, Firebirds and most Chrysler and VW products), that change-
over year 1s exéluded from the study. On NCSS, the make and model is
usually identified by the 5 digit make/model code ([651, pp. 8-8 - 8-20).
In the case of 1970 Chargers and Challengers, which have thé.same code bué
differ in terms of Standard 214 compliance, it was necessary tb break down

the VIN (see Appendix B) to see which were which.
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Forelgn cars, except VW's, are not listed on Table 4~1.
It is not known exactly when beams were installed in various models. The
scanty information that is available [11], suggest dates varying from
mid-1972 through mid-1973. The preseﬁt NCSS analysis uses a conservative
approach: caré from 1971 and earlier are pre-standard; 1974 and later,

post-standard; and 1972-73 imports are excluded from the analysis.

7.1.3 Definition of injury

The injury criterion in most of this chapter is Hospitalization.

An occupant was transported to be "hospitalized" if he was killed or was
transported from the scene (according to the police report) and then
hospitalized (WEIGHTFA = 1 and NCSSCLAS = 1-4). 1In NHTSA's evaluation of

the steering coluhn'[441, pp. 146-149, this injury ecriterion was chosen

in preference to AIS-based schemés [17] because missing data are
eliminated and because it greatly enhances statistical precision when used

with the NCSS saﬁpling scheme.

Section 7.7 however, focuses on more serious injuries: the

fatalities and the AIS 2 4 (life~threatening) nonfatal injuries.

7.1.4 Preview of analysis methods

The first step in the analysis is to calculate the injury rates
for occupants of pre-Standard 214 cars involved in side impacts and also
for post—Standard‘Zlé cars. The injury rate is the number of injured persons

per 100 crash—involﬁed occupants.
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In this context, it is important to note that NCSS is not a
simple random sample. It is a stratified random sample with 4 strata,
whose sampling proportions are 100, 25, 10 and 5 percent, respectively

[65]. 1In order to produce valid estimates for the universe of accidents

that NCSS is drawn from, it is necessary to welght each NCSS case by the
inverse of the sampling fraction, i.e., by a factor of 1, 4, 10 or 20 for
the 4 respective strata. All NCSS tabulations in this report, except
where specifically'noted otherwise, are weighted counts and all injury

rates arc based on weighted data.

The injury rates are calculated using the preceding definitions
of side impact,~ére- and post-Standard 214, and injury (7.1.1 - 7.1.3).
Note that all injﬁred persons, by the definition used in Section 7.1.3,
are in the 100 percent sampling stratum - i.e.,, the weighted and unweighted

counts of injured persons are equal. A preliminary estimate of the

effectiveness of Standard 214 is obtained by calculating the reduction of
the post-standard injury rate relative to the pre-standard rate (Section 7.3).
Since three types of side impacts were defined in Section 7.1.1, three

effectiveness estimates are obtained, viz.

(1) 1In single-vehicle crashes
(2) In multivehicle crashes
(3) For nearside occupants in multivehicle crashes with
damage centered on the passenger compartment.
It 1s likely, though, that the preliminary estimates are biased

due to age effects - i.e., differences in the occupants, vehicles and
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crashes of pre- and post-standard cars that are not due to Standard 214
‘but only to the fact that the pre-standard cars are older: part of the
observed injury teduction may be due to safety devices (other than beams)
which may be present in all the newer cars but only in some of tﬁe
pre-~Standard 214.cars. Anéther part may be duc to underreporting of
noninjury accidents involving older cars - resulting in spuriously high
injury rates for the older cars and a spurious reduction for post-Standard

214 cars.

The preliminary estimates may also be blased due to towaway

criterion effects. NCSS is a towaway file. A modification'in the vehicle

structure could affect whether a crash-involved vehicle can be driven or
needs to be towed -~ thereby affecting its presence or abseﬁce from the

NCSS file. If Side door beams reduce the need for towing a vehicle in
relatively minor crashes, the post-Standard 214 cars on NCSS will have more
severe crashes and a spuriously higher injury rate than the p?e—standard cars.
Likewise, side structure characteristics not directly related to Standard 214
(pillars, number of doors, frame type) could affect NCSS injury rates if they

increase or reduce the need for towing.

The central part of the analysis is the identification and, where
possible, the removal of biases due to the vehicle age and the towaway

criterion effecté, Four principal analytic techniques are used:

o restricting the age range of the cars under study in order to

reduce the age difference between pre- and post-Standard 214 cars. Any such

restriction, however, reduces the accident sample size. As Section 7.2
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explains, the approach of this chapter is to derive estimates for restricted
age ranges (smaller age bias, larger sampling error) and unrestricted ranges
(larger bias, smaller sampling error). Specifically, estimates of

effectiveness are obtained by comparing injury rates of

(1) Cafs of the first two model years with beams versus last

two years without them

(2) First five model years with beams versus last five without

them

(3) All cars with beams versus all cars without them. (See

Section 7.2 for definitions)

Since estimates are obtained for 3 types of side impacts
(single veh., m&ltiVeh., multiveh. nearside/compartment damage) using 3 agé
s, 1

ranges &2 years, T any), a 3 x 3 matrix containing a total of nine :

preliminary estimates of effectiveness 1s obtained in Section 7.3,

o Adjusting the injury rates, using control variables and

multidimensional coﬁtingency table analyses. Suppose that a certain accidént
variable is sigpifiqantly correlated with injury risk and also with Standard
214 compliance. For example, safety belt usage decreases injury risk and :
belt usage is higher in post-standard cars. As a result, part of the injury
reduction in post-standard cars is due to the increase in belt usage and |

should not be attributed to Standard 214. With the aid of multidimensional



contingency tab]é'énalysis, the pre- and post-stahdard populations are
adjusted to havé,identical marginal distributions of belt usage (the
control variable). The injury reduction is recalculated and, since it is
not biased by the control vafiable, it comes closer to measuring the

actual effect of Standard 214.

In the evaluation of the energy absorbing steering systems
[44], pp. 164-183, a procedure is developed for iterative selection of
the control variables. that are causing the greatest bias in the injury rate
and for adjusting thé'injury rates using these variables. In Section 7.5,
this procedure (wi;h a few minor changes) is applied to each of the nine
preliminary estimatgs df effectiveness to obtain nine refined estimates.
The nine refined estimates are the principal statistical results of this
chapter. Confidence bounds are also derived for each estimate by a jackknife

procedure (described in [447, pp. 187-193).

This analytic procedure can be used for any potential control

variable provided that there are some pre-standard and post-standard NCSS
cases for each value of the control variable. For example, there are belt
users in both pre- and post-standard cars and there are belt nonusers in

" is a valid control variable. Thus the

both types of cars, so "belt usage
procedure can be used for removing biases due to vehicle age-correlated
accident characteristics (e.g., rural/urban location, vehicle weight,

occupant seat position); due to safety devices whose purchase or usage is

optional (e.g., seat belts); and due to some structural features that create

towaway criterion effects (c.g., possibly, frame/unitized construction).
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This analytic procedure cannot be used, however, if, for some
value of the cont;ol variable, all cases are pre-standard (or post-standard).
For example, any sqfety device that was mandatory before Standard 214
(e.g., energy-absorbing steering columns) cannot be controlled for, because
there are no carsuﬁith beams but without EA columns. The procedure cannot be
used to control fdrlpossible underreporting of noninjury accidents of oldi
cars. It cannot be used with control variables whose values. are causallzi
influenced by the presence or absence of beams. For example, 1f beams
reduce crush, the amount of crush is not a valid control variable. The
procedure would subtract the injury reduction attributed to ihe control
variable from the‘gffect of Standard 214, whereas, in realify, this injurj
reduction is a 1egt£imate part of the effect of Standard 214. Section 7.4.4
describes the control variables that cannot be used. Finally, the |
procedure will not remove the biases, if any, due to a towaway criterion

effect of beams themselves.

All of these biases, then, still remain in the refined estimates

of Section 7.5 and need to be examined by the two remaining techniques.

o0 Tabulations of injury rates by model year are useful for
detecting gross Veﬁicle age effects such as those due to underreporting ofi
noninjury accidents.of 0ld cars and those due to the introduction of the |
prinicpal safety devices of 1965-68. These tabulations are discussed in
Section 7.4.5. Detailed regressions of injurj rates by vehicle age and

Standard 214 compliance, however, would be meaningless because of
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collinearity of these variables and because the NCSS sample is too small

for this purpose (see Section 7.2).

o Comparisons of side impacts with frontal crashes. 1In Section

7.4.7, the nqmbefs of NCSS side and frontal impacts are tabulated by
Standard 214 compliance to see if beams reduced the need fof towing in

side impacts. Since beams can be assumed to have a negligible effect on
the need for towing in frontal impacts, a reduction of side impact crashes
on NCSS, relative to frontals, could indicate that Standard 214 has reduced

the need for towing side-impacted cars.

In Section 7.6, the injury rates in frontal crashes are calculated
in a manner corresponding to the basic side impact results (Section 7.3) -
i.e., single vehicle vs. multivehicle; pre-Standard 214 vs. post-standard

using 3 age ranges.

Finally, in Section 7.8, the results of all of the preceding
analyses are compared and discussed. Based on the statistical effectiveness
estimates of Section 7.5 with appropriate corrections for biases that
could not be removed;through the use of control variables, a ''best"
estimate of effeétivéness is derived for each of the three categories of
side impacts (single vehicle, multivehicle, nearside occupants in multi-
vehicle compartment crashes). The estimates are compared to the results on

fatality reduction obtained in Chapter 6,
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7.2 The anélyst's dilemma: sample size vs. freedom from bias

Tn Chaﬁter 6, the very large sample size of FARS‘médé it possiblé
to use an especiaily unbiased analysis technique: the fatalifies in the
first model year‘fof which beams were installed were compared to those in
the last year in which they were not installed. Restricting the analysis
to those two years viftually eliminated vehicle age differences and the
effects of safety devices that were installed either before or subsequent

to beams. Thus, the'fatality reduction could be attributed to Standard 214.

NCSS, on the other hand, does not contain nearly enough side
impacts for a statistically meaningful comparison of the last model year

before Standard 214 and the first year after.

Chapter 6 also included FARS analyses of a wider range of model
years. Since FARS was collected over a span of 7 calendar years, vehicle -
age and vehicle model year are at least partly independent. It was possib?e
to run a regression with fatality risk as the dependent variable. Standarq
214 compliance and:vehicle age were separate independent variables. Thus,z
changes in the fataiity risk due to vehicle age differences or safety
devices Lnstalled.befbre or subsequent to beams were attribUted'go the

vehicle age variable and not to Standard 214,

Since NCSS data, on the other hand, were only collected over a

short time span (1977-79), it is not possible to run valid regressions witﬁ

vehicle age and Standard 214 compliance as separate independent variables.
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The analyst's dilemma, then, {s to decide what range of model

years to consider on NCSS.

At the .one extreme, it 1s possible to compare the injury rate
for gll'post—séahdard 214 car occupants to that for all pre-Standard 214
cars. This approach is likely to produce statistically significant
differences bu;,.in the absence of a regression by vehicle age, it is
uncertain whether the differences are actually due to Standard 214 or to

safety devices installed at other times or just vehicle age-related biases.

On thé other hand, it is possible to restrict the range of model
years used in the'anélysis and eliminate or reduce the effect of other
safety devices and vehicle age differences. But the more the model year
range is restrigted,‘the smaller the analysis data set and the less

chance there is for statistical significance.

The approach of this chapter is to obtain NCSS results for narrow
and wide ranges of model years. Specifically, each effectiveness estimate

will be derived three times:

(1) Comparing cars of the first two model years with beams to

those of the last two years without beams

(2) First five model years with beams versus last five years

without them

(3) All cars with beams versus all cars without beams
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If thglobserved effectiveness 1s substantlal in estimates
(2) and (3) but negligiblé in estimate (1), If is suggestedvthét the
injury roduction'shbwn in (2) and (3) may not really be due to
Standard 214, but rhther to other safety devices or vehicle ége
differences. Conversely, a large effect found in (1), even if
statistically significant, Is suspected of being anomalous if it is not

confirmed by estimates (2) and (3).

On the other hand, if more or less consistent results are
obtained across comparisons (1), (2) and (3), it consititutes the
soundest available evidence - although not an ironclad guarantee - that

there is a genuine'effect and that the effect is due to Standard 214,

The '"number of model years before or after beam installation"

is defined as follows (refer also to Table 4-1 and Appendix B)=

o Most makes and models had beams installed at the beginning
of a specific model year. For example, Chevrolet Impalas in 1969. In
this example, the first two model years with beams are 1969-70; the last

two without them are'1967—68.

o Some had beams installed at mid-year. For example, Pontiac
Firebirds in mid-1970. The first two (full) model years with beams are

1971-72, the last two without them are 1968-69.

0 Models that never had beams or always had them are grouped

with other models of the same corporation and size category. For example,
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Buick Skylark (CMvcompact) was first sold in 1975, Since Chevrolet Novas
(GM compact) received beams in 1973, it is defined that 1975 is the

"third model year with beams" for Skylark as well as Nova.

o 1971 is the "first year with beams" for Chevrolet Vega
and Pontiac Astre; 1969 for Pontiac Grand Prix; 1970 for Chevrolet Monte

Carlo; 1974 for Chrysler Cordoba.

o TForeign cars (other than VW) have uncertain dates of
initial beam iﬁstéllation. They are excluded from the data used in
comparisons (1l)-and (2). 1In comparison (3), model years 1971 and earlier

are included in bre-standard; 1974 and later in post-standard.
0 Specilal definitions apply to Dodge Chargers, which were

intermediate specialty cars through 1970 and intermediates‘(no; specialty)

beginning in 197L.
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7.3 Prelimiﬁary cfﬁpctiveness estimates - based on tabulations of the
raw data '

Table 7;1‘provides injury rates in single vehicle side impacts..
For example, thefe‘were 169 (unweighted) NCSS occupants of cars of the last
2 model years without beams which had a single vehicle side impact. When
each'occupant is Qeighted by the inverse sampling fraction, this amounts
to 488 persons. Since 78 of them were killed or hospitalized, the injury
rate was 15.98 percént. There were 528 (weighted) persons in cars of the
first 2 model yéars with beams. Only 45 of them were killed or'hospitali?ed,
so their injury fafe was 8.52 percgnt. This is 47 percent lower than the
preceding injurylréte. In other words, the preliminary effectiveness
estimate, based'oﬁ éomparison of the first 2 years with beams to the last
2 years without them, is that-Standard 214 reduced serious injuries in

single vehicle crashes by 47 percent.

Table 7-1 also shows, however, that when the comparison is
extended to cars of the first 5 years with beams versus the last 5 without

them, the preliminéry effectiveness estimate drops to 15 percent.
When the comparison is further extended to include all cars
with beams versus all cars without them, the effectiveness rises to 27

percent, about midway between the two preceding results.

The sequence of effectiveness results - 47, 15 and 27 percent -

is somewhat puzzliﬁg; The 47 percent effectiveness in the 2 year compariéon
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TABLE 7-~1

INJURY RATES IN SINGLE VEHICLE SIDE IMPACTS, BY STANDARD

Vehicle Age Rangé

‘Last 2 model years without beams

First 2 model years with beams

Last 5 model years without beams
First 5 model years with beams

All cars without beams
All cars with beams

*Hospitalized occ./weighted occ.

214 COMPLIANCE, NCSS

Unweighted
Occupants

169
128

303
349

371
553

Weighted
Occupants

488
528

1012
1268

1193
2074

Hospitalized
‘Occupants
78
45

137
146

178
226

Injury
Rate (%)*

15.98

8.52

13.54
11.51

14.92
10.90

Observed Reduction

for Standard 214 (%)

47

15

27



suggests that beams had an immediate effect and that the poslfivv results
are not solely due to other standards or vehicle age factors. On the otﬁer
hand, the much‘loQér result for the 5 year comparison (with over double the
sample size) might suggest that the 2 year result is, in part, a
statistical accident. 1In general, the preliminary estimates'éuggest that
beams may have Been beneficial in single vehicle crashes but a detailed
analysis of possible biases is needed before effectiveness can be reliably

estimated.

Tahle 7-2 provides the injury rates in multivehicle side impacts.

The preliminary effectiveness estimates are:

o 5 percent in the 2 year comparison
o 15 percent in the 5 year comparison

o 14 percent in the all-year comparison

These preliminary results tend to indicate that effgétiveness
in multivehicle crashes, if any, is considerably lower than in single
vehicle crashes. They do not exclude the possibllity that effectiveness
is negligible ahd that the gradually increasing positive results may be due
to vehicle age differences and other standards. Again, a detailed analysjs

of biases 1s needed.

Table 7-3 also deals with multivehicle crashes but is limited

to nearside occupants of cars whose damage was centered in the passenger
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TABLE 7-2

INJURY RATES IN MULTIVEHICLE SIDE TMPACTS, BY STANDARD
214 COMPLIANCE, NCSS

Vehicle Age Range '

Last 2 model years without beams
First 2 model years with beans

Last 5 model years without beams
First 5 model years with beams

All cars without beams
All cars with beams

*
Hospitalized occ./weighted occ.

Unweighted
Occupants

672
863

1210
1918

1599
2871

Weighted
Occupants

2818
3633

5010
8274

6576
12345

“Hospitalized
" Occupants

179
219

335
473

455
733

‘Injury

Rate (%)

Observéd.Reduction
for Standard 214 (%)

15

14



compartment . It'shows positive and nearly identical effectiveness for

Standard 214 in dl] 3 comparisons:
o 22 percent in the 2 year comparison
o 22 percent in the 5 year comparison
o 25 percent in the all-~year comparison

The preliminary results give a fairly strong indication that beams are
effective in the situation for which they were primarily designed
(nearside occupants in vehicle-to-vehicle compartment crashes). Analyses

of bilases are needed to sharpen the effectiveness estimates,
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TABLE 7-3

NEARSIDE OCCUPANT INJURY RATES IN MULTIVEHICLE IMPACTS CENTERED ON
THE PASSENGER COMPARTMENT, BY STANDARD 214 COMPLIANCE, NCSS

Vehicle Age Range Unweighted Weighted Hospitalized Injury
' Occupants Occupants - Occupants .- Rate (%)

‘Last 2 model years without beams 145 444 70 15.77
First 2 model years with beams 173 571 70 12.26
Last 5 model vears without beams 262 831 118 14.20
First 5 model years with beanms 376 1353 149 11.01
All cars without beams 329 1044 153 14.66
All cars with beams 576 2108 232 11.01

*Hospitalized occ./weighted occ..

Observed Reduction
for Standard 214 (%)

22
22

25



7.4 Sources of bias in the preliminary estimates

The p;eview of anaiysis methods (Section 7.1.4) listed the
major sources of:potential bias in the preliminary effectiveness estimates.
Fach of these {s now discussed in detail. Specifically identified are
biases which can be removed by the use of control variables and multi-
dimensional conéingéncy table analyses. These analyses yield.refined
effectiveness éstimates in Section 7.5. Bilases that canndé be removed bj

use of control variables are analyzed in this section.

7.4.1 Safety standards other than Standard 214

Sectlon 4.4.1 identified Standards 201 (interior protection),
203 (steering cqntﬁél impact protection), 205 (glazing materials), 206
(door locks), 208 (éafety belts) and 216 (roof crush resistance) as the
standards (otherAthaﬁ 214) most likely to have significant benefits in
side impacts. The safety devices associated with those standards (except
216) were generally. installed during 1965-68, usually several‘mbdel years.
before side door‘béams. The Standard 216 modifications, in mﬁsf cars,

came several years after beams.

Table 7-4 sﬁows the actual percentages of side~impacted cars oné
NCSS satisfying StanaardSVZOl, 203, 205, 206 and 216 and the éctual :
percentage of poréons involved in NCSS side impacﬁs who were weéfing belts.
For example, 84 percent of the.pre-Standard 214 cars met the fequirementsiof
Standard 201; belt usage was 8 percent in the pre-Standard 214 caré. But -
in the last 2 model years before beams were installed, 96 percent of the

cars met Standard 201 and 100 percent met Standards 203, 205 and 206.
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TABLE 7-4

PERCENT‘OF CARS COMPLYING WITH STANDARDS 201, 203, 205, 206,
AND 216;  PERCENT OF OCCUPANTS USING SAFETY BELTS, NCSS

Pre-Standard 214 Post-Standard 214

FMVSS

All MY Last 5 MY Last 2 MY First 2 MY First 5 MY All MY
201 (interior protection)- 84 91 96 - 100 100 100
203 (steering column impact) 84 92 100 100 100 100
205 (windshleld glazing) 88 97 100 100 100 100
206 (door locks) 91 99.7 100 - 100 100 100
216 (roof crush resistance) -0 0 0 - 20 40 60
Safety belt usage S 8 7 8 7 10 11
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It is obvious from Table 7-4 that the nvcxwhvlm(ng majority n;
pre-Standard 214 cars on NCSS complied with Standards 201, 203, 205 andi
206. A majority of cars of the first 5 model years with beams did not -
comply with Standard 216. As a result, relatively little of the differénce
in Injury rates between pre- and post-Standard 214 cars can be attributéd
to those other;étandards. For example, even if those five standards,
together, reducédAinjury risk in side impacts by as much as 20 percent .
(which they ﬁfqbably did not), the reduction in the post-Standard 214 7
injury rate attributable to those standards is only 5 percent (since oniy
15 percent of.the pre-Standard 214 cars failed to meet 201, 203, 205 and
206, while 60_percent of post-Standard 214 cars met 216). That is the ;
maximum bias in.fhe all-year comparison. In the 5 year comparison, it %
is half as large and in the 2 year comparison it is virtually nil.
Compliance with Standards 201, 203, 205, 206 or 216 cannot be introduced
as a control vériéble in Section 7.5 because all post-Standard 214 cars-
meet those earlief standards. Therefore, it is necessary to rely on the

preceding heuristic assessment of bias.

Table 7-4 shows that belt usage is 3 percent higher'in post tﬁan
in pre-Standard 214 cars (but only in the 5-year and all-year comparisons).
Belt usage, however, is a valid control variable hecause iflié never 0 6or
100 percent for either pre- or poat—standard cars. 1In fact, belt usage:
is selected as Qne‘of the Iimportant control variables in nearly all of #he
5-year and a11~Y§ar comparisons (in Section 7.5.2) and, in each case,
controlling for belt usage results is an estimate of Standard 214

effectiveness that is lower by several percent.
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7.4.2 Vehicle modifications not mandated by safety standards

Section 4.4.3 provided a year-by-year histofy of majér changes 1n
car design from 1965 (the earliest year for which there are substantial
numbers of NCSS cars) to 1978 (the latest year on NCSS). Car design changed
relatively little in that period: the introduction of compact and
intermediate cars took place before 1965, whereas downsized and front-wheel-
drive cars were jﬁst beginning to appear in 1977 and 78. The most note-

worthy changes that had possible safety implications in side impacts were:
o Domestic subcompacts appeared in 1971

o A gradual welght increase within size classes through 1976,

with a ‘compensating market shift to lighter size classes.

0o A gradual shift from pillarless hardtops to pillared "hardtops.'

o Intermediate Fords and Mercurys changed from unitized to

body and frame construction in 1972

o Conveftibles were gradually eliminated.

Very Fcﬁ.éhanges directly coincided with the installation of side

door beams, In fact, Scction 4.4.3 showed that beam installation usually did

not coincide with major redesign years. The only important exceptions were

the intermediate Fords and Mercurys, which got beams when they changed to
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body and frame ébnspfuction, the Chevrolet Vega which had beams from the
start, and the Pqntiac Firebird and>Chevfolet Camaro, which received beams
and B-pillars at the same time. These cars accounted for about 10 perceng
of sales. 1n the other models, beams were typically installed as part of
relatively mlnbr.hsdy (Ford) or sheet metal (GM) changeovers or in the |
middle of a run (Chrysler, AMC and imports). Also, the big éhangeover
from genuine tovpiilared hardtops - which was especially noticeable on GM -
intermediates and Chrysler compacts ~ took place 3 or more‘years after

beams were installed.

In other words, if a substantialyinjury reduction'tbok place
immediately upon the implementation of Standard 214, it can be attributed?
principally to‘;hg'standard and only minimally to structural changes that
coincided with thé,stnndard. Similarly, in a comparison of the first 2
model years with bqams to the last 2 without them, relatively little of the
observed 1njury‘réduction can be due to vehicle modificatioﬁs that took

place within a.year of beam installation.

Over a longer term comparison, such és the first 5 model years
with beams versu$ §he last 5 without them, structural modifications could
significantly bi#s'the preliminary estimates of Standard 214 effectiveness;
Fortunately, the major structural modifications are all valid control |
variables. Their botcntial hiases can be and are idéntified and removed
in the ahnlysos'of~SocLion 7.5. For example, the bresencé or absence of
B-pillars is 5 vélid control variable, because many pillarless cars

continued to be produced after Standard 214.
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The control variables that arc used to account for nommandatory structural

modifications are
0o B-pillar: present or absent
o Body structure: body and frame vs. unitized or integral
o 2 débrs or 4 doors
o vehicle weight

These control variables arce needed not only because of the ]ongterm shifts
in car design but also because of the way in which Standard 214 was
implemented. Thé éirst cars to receive beams were the largef GM and Ford
products, which were. far more likely to have body-and-frame construction,
somewhat more likely to have 4 doors and, of course, were heavier than the
average car. The pre-standard larger GM and Ford cars are, on the average,
older than other pre—standard cars and, therefore, underrepresented in
NCSS. .As a result,lpost—Standard 214 cars on NCSS are somewhat more
likely to have bbdy~ahd—frame coanstruction, 4 doors, and a higher weight
than pro—stnndnrq cars. Since only about 3 percent of the pre-standard
cars and virtually none of the post-standard cars were convertibles, the
bias due to the shiftzin production of convertibles cannot be accounted
for by a valid contrél variable. 1Instead, the bilas 1s eliminatéd by

removing convertibles from the data file - the data loss is minimal.
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7.4.3 Vehicle age biases that can be removed by control variables

Older cars have a somewhat different crash environment from
newer cars and thié can affect injury rates. As a result, the preliminary
injury reductions‘for Standard 214 may in part be attributable to vehicle
age differences. For example, since rural accidents have a higher injury
risk than urban.ones, if pre-standard cars are overrepresented in ruraliareas,
the pre-Standard 21& injury risk would be biased upwards. So would the

preliminary effectiveness estimate.

Many age-related differences in the crash environment can be

specifically fdentified and removed by use of control variables. Some

valid control variables than can be and are used with NCSS in Section 7.5

are

o Rural/urban

o Speed limit

o Size of the striking vehicle (in multivehicle,créshes)

o Nearside/farside (occupant seat position relative to damage)
o Occupant age 7

o Occupant sex

These control variables are used in addition to vehicle weight.and belt:usage,
which were discussed in the preceding sections, They are valid control
variables because, for example, there are both rural and urban crashes
involving pre—standard cars and there are both rural and urbgn crashes .

involving post-standard cars.
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The above list of variables consplcuously omits Delta V, principal
direction of force and some other controls widely used in the literature.
They are not valid control variables for the evaluation of Standard 214,

as will be shown in the next section.

7.4.4 Some inyalid control variables

In Section 7.1.4, it wés shown that a prerequisite for a valid
control variable'lslthat its values are causally independent from whether
or not a car meets Standard 214, After all, the analysis finds the injury
reduction attribufubig to differences in the distributioﬁ ofvthé control
variable and subtracts it from the effect of Standard 214. But if those
differences are themselves a consequence of Standard 214, their effect on

injury rates should not be subtracted from the effect of Standard 214.

The problem arises with measures of crash damage and, more
gencrally, measures of crash severity that are partly based on damage.
Since Standard 214 is a structural modification, it may alter patterns

of damage.

Specifically, Section 9.3.2 shows that Standard 214 significantly

changed crush patterns in single-vehicle crashes. Crush became, on the

average, 2 inches (i.e., 20%) less deep and 10 inches wider, immediately upon
installation of beams. Damage that started in the passenger compartment

became more likely to spread to the rear fender areas rather than remain
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concentrated in the.compartment. On the other hand, damage that started ;n
thevfront fender areas was sometimes contained in that area and preVented;

from spreading to the compar tment. As a result, there was a substantial |

reduction in crashes with damage centered in the compartment, relative to:

crashes with damage centered outside the compartment (see Section 9.4).

Finally, there may have been a lower incidence of damage to the greenhouse

area of the passenger compartment (9.7).

Damage patterns were also modified in multivehicle crashes,
especially if tbe-impact was centered in the compartment, but the changesé
were much less than in single vehicle crashes. Crush depth was reduced bf
1-2 inches, while its width was increased by a few inches.  There was,
however, no change in the proportion of crashes with damage centered in
the compartment. Finally, post-standard cars had a somewhat lower incidegce

of sill override. (see Sections 9.3.3, 9.4 and 9.6.)

Thereforé,-depth of crush is not a valid control yariable, sincé
its values were directly affected by Standard 214. Similafly, the trailiég
numeral of the Collisiqn Deformation Classification [12] - the damage |
extent zone, whicb is widely used in thé literature as a control - is baséd

on the depth of crush and cannot.be used here.

The 2nd letter of the CDC - specific horizontal location - is not
a valid control in single vehicle crashes, nor is the centerpoint of the damage
(inside or outside the compartment), because Standard 214 affects how the

damage sprcads out. But they could be used as controls in multivehicle
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crashes, where this effect is absent. Likewise, it is valid to compare

multivehicle compartment crashes of pre- and post-standard cars (as is done

throughout this chapter) but not single vehicle compartment crashes.

The 3rd letter of the CDC - gpecific vertical location - is not a
valid control in either type of crash, because Standard 214 might
reduce greenhouse involvement in single vehicle crashes while increasing

sill involvement in{multivehicle crashes.

The pripcipal direction of force (PDOF) 1s also an'unaéceptable
control variable. The implementation of Standard 214 is accompanied by an
immediate incréqse in the proportion of side impacts which are classified as
oblique Impacts in NCSS. 1Tn single vehicle crashes, the average PDOF
became 9 degrees further from perpendicular upon implementafioq'of
Standard 214; in multivehicle crashes, 1 degree. This effect seems puzzling
at first, because Pm)% is theoretically determined by the vehicles' speeds
and directions at cﬁe_instant before contact and should not be affected by
crush characteristies. A possible explanantion is that, in real-life
accident investigatio;, the velocity vectors at impact are unknqw&zand must
be reconstructed from avallable evidence. Part of that evidence‘is the
struck vehicle's dﬁhage pattern. Since Standard 214 has caused damage to be
shallower and wld?r;.if could create the impression that the contact took
place at a relativcely more oblique angle. While this may not be a complete
explanation, it does lead to questions about the validity of using PDOF as

a control variable. (See Section 9.5,)
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Finally, Delta V is not a valid control. It is measured on NCSS
by means of the CRASH program [54], which relies, in the overwhelming
majority of cases,,ﬁeavily or exclusively on PDOF and the crush measurements,
which are themselves not valid controls. Observed Delta V declined, on
the average, by 1 mile per hour (about 10 percent) in single vehicle crashes

upon implementation of Standard 214.

7.4.5 'Qghgf'vehicle age-related blases

There is 5150, possibly, an additional "age effect" due to
underreporting of noninjury crashes involving older cars. If many non-
injury crashes of old cars are unreported, there would be a higher injury .
rate among those crashes which are reported. This phenomenon is prevalen;
in State data filés; where minor prbperty damage crashes of old cars are
not reported because they fail to meet the legal reborting criterion for

value of the damage [15].

A major advantage of the towaway criterion on NCSS is that the
file is limited to a more severe categnry of crashes: only 25-35 percent
of police-reported, crash-involved vehicles are towaways [63]. Relatively
few towaways escape the legal reporting criteria, so not much of an age

effect due to underreporting would be expected on NCSS.

Vehicle age-related reporting biases cannot be identified or

removed through the use of control varaibles. TInstead, NCSS injury rates
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are tabulated bylmodel year and inspected to see if tﬁere are any trends.
(Since the NCSS data were collected in 1977-78, vehicle age approximately
equals 77.5 minusvmodel year.) This approach was used in the steering
column evaluati&n 56 examine the trends 1n the steering-assembly contact

injury rate. No age-related trend was found in that study.

Table 7-§~shows the NCSS injury rates, by model year, in single
vehicle side impaéts. For example, Iin cases of model years up to 1966,
the injury rate wa# 19 percent. The NCSS sample sizes are too small to
give a really precise picture of the injury rate trend, even when the
model yecars are grouped, as in Table 7-5, to enlarge the sample for each
data point. (The sample sizes shown in the Table are weighted counts,
;o the variance 1s greater than pq/N.) The following observations, therefore,

are somewhat tentative:

o Therc was no downward trend {n the injury rates prior to
Standard 214. The rate for 1967-68 (23%) is actually higher than for 1966
and earlier cars . (19%). Noninjury towaways of cars 12 or more years old

(1966 and earlier) would not appear to be seriously underreported.

o The big dropoff of injury rates coincides with the installation
of beams in 37 percent of the vehicle fleet. The rate dropped from 23
percent in 1967-68 £o 11 percent in 1969-70. Of course, part of this large
drop could be due té'chance or to an underreporting of the 1967-68 non-

injury cases.
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TABLE 7-5

INJURY RATES IN SINGLE VEHICLE SIDE IMPACTS, BY MODEL YEAR, NCSS

Model Years N of Occupants Injury Rate (%) Comments
- 66 agd earlier ce 227 | .. 19 Pre—FﬂVSS era Before Std. 214
implementation
67-68 ‘ 215 23 Meeting major FMVSS
69-70 | 609 11 Beams in 37% of fleet
’ Std. 214
71-72 523 i3 Beams in 617% of fleet implementation
' years
73-74 568 i1 Beams in 1007 of fleet
75-76 536 12

Post-implementation
77-78 589 ' 8 _ years



o The iﬁjury rate for 1975-76 (12%) is slightly higher than
for 1973-74 (117%). Thus, injury rates did not continue to drop after the
installation of beamé had been completed fleet-wide. On the other hand,
the injury rate was.lower in 1977-78 (8%), possibly indicating a trend

in the newest cars on NCSS.

The jnjury rates in Table 7-5 are consistent with a hypothesis
that reporting biases are minimal and that the big drepoff in injury
rates is mainly due to Standard 214, But, due to the relatively small

samples, they by no means constitute proof of the hypothesis.

Table 7—6‘shows {njury rates by model year in multivehicle
side impacts. The injury rates are based on larger samples and are more
precilse than the‘ones for single vehicle crashes. On the other hand,
since the effect of Standard 214 is smaller, it is no easler to isolate

this effect from Vehiéle age trends.

o The injhry rate is nearly flat from 1967-68 onwards. 1t is
7 percent in 1967-68 and 1977-78 and 6 percent in all the years in between.
From 1967 onwards, then. there is little or no vehicle age bias, but the

potential effect of Standard 214 does not appear too large, either.

o The Injury rate for 1966 and earlier cars (9%) is higher than

for 1967-68 (7%). This could reflect a reporting bilas for the oldest cars,
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TABLE 7-6

INJURY RATES IN MULTIVEHICLE SIDE IMPACTS, BY MODEL YEAR, NCSS

Model Years N of Occupants Injury Rate (2) _ Comments

66 and lier 1496 - Pre-FMVSS A

66 and earlier 96 9 re-FMV era Before Std. 214

67-68 1637 7 Meeting major FMVSS implementation

69-70 2984 6 Beams in 37% of fleet

_ Std. 214

71-72 3159 6 Beams in 617 of fleet implementation
years

73-74 3509 6 Beams in 100%Z of fleet

75-76 3517 6 Post~implementatior
years



or it could indicate the coffect of the major 1967-68 safecty Sténdards, or
it could be due to chance. At any rate, the biggest ohserved drop in

injury rates is ‘during the pre-Standard 214 era.

The injury rates in Table 7-6 are fairly strong evidence that
reporting binses‘are minimal after 1967. They suggeét that Standard 214
effectiveness estimates gased on cars of the last 2 or even the last 5
model years before beam installation will be more or less free of this type
of bias. The comparison of all pre- vs. all post-Standard 214 cars, on the

other hand, could be biased.

7.4.6 Towaway criterion biases that can be removed by control variables

A majo('advantage of the towaway criterion on NCSS, as has just
been shown, is that age-related reporting biases are minimized. A
disadvantage is that injury rates could be biased by modifications in the
vehicle structure.thét affect whether a crash-involved car ‘can be driven or
needs to be towed. If a structural feature reduces the need for towing in
relatively minor (mostly nohinjury) crashes, the cars with this feature that
do need towing wixl répresent, on the average, a more severe ciass of crashes

than the cars without it and they will have spuriously higher injury rates.
Vehicle size s an important structural feature that affects the

need {or towing. Under similar crash circumstances, bigger cars are less

likely to need towing - thus, their injury rates are spuriously increased
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on NCSS. Since pgsthtandnrd 214 cars are, on the average, heavier than
older cars, this creates o bias against Standard 214 in the preliminary
effectiveness esfimate. This bias, however; can be identified and removed
by using vehicle ;ize as a control variable - analytically, there is no
difference in using‘éontrol variables to correct vehicle age biases
(Secti0n47.4.35 and towaway criterion biases. (Vehicle size actually causes
2 biases: a towaway bias against Standard 214 and a bias in the opposite
direction because siie increases reduce injury risk in crashes. They

nearly cancel each other out; as a result, vehicle size never turns out té

be an important control variable in Section 7.5).

There are other structural features that affect the need for
towing, but only ih'§ggglgngghiglg side impacts. Above all, cars of body%
and frame construction have a much lower towaway involvement rate than cafs
of the same size of unitized or integral construction. The number of NCSS
cases of single vehicle side impacté, relative to nationwide saies, is
50 percent lower fo?.full—size and intermediate GM cars and fullFSized
Fords (body and fréme) than for full-size and intermediate Chrysler produéts
(integral). (In multivehicle side impacts, by contrast, the involvement |
rates arce nearly,identiunl.) 1t 1s not exactly clear why this effect
oceurs ~ it could ovén be a towaway-resistant feature of big GM and Ford cars
(the only body and frnmo cars after 1965) that hasrnothing‘to do with the;
fact that they havé frames - although it 1s not implausible tha§.body and;

frame cars would be more damage resistant in collisions with fixed objects,

where the sill is almost immediately engaged.
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To a lesser extent, the presence of B pillars and/or & doors
reduces the need for towing in single vehicle side impacts. (Of course,
many 4 door cars are also of body and frame construction. But the towaway-

resistant effect apﬁears to be there independently of the other variable.)

Since heavier cars, body-and-frame construction, B pillars and
4 doors are all overrepresented among the post-Standard 214 vehicle
population, the& bias the post-Standard 214 injury rate upwards and are
causing the preliminary effectiveness estimate for single vehicle crashes

to be a substantial underestimate. In Section 7.5, body construction,

B pillar, and/or number of doors are always selected as important control
variables and always increase the effectiveness estimate in single vehicle

crashes. (By contrast, they are only occasionally selected in the multi-
vehicle crash analyses. Since they have no effect on the need for towing
but do somewhat reduce injury risk, they decrease the effectiveness estimates,

there.)

7.4.7 Towaway criterion biases due to Standard 214 itself

If Standard 214, which is a structural modification, affects the

heed for towing it will bias the NCSS injury rates, just like the other

structural features discussed in Section 7.4.6. The bias cannot be removed
by the use of control variables because, by definition, there are no post-

Standard 214 cars that fail to meet Standard 214.
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The poésibjlity of bias is investigated by comparing the NCSS
towaway counts In side impacts to the comparable counts in frontal crashes.
Since Standard'Zlﬁ applies to a car's side structure, it should have little
effect on the need for towing in frontal crashes. The comparison is perhaps
flawed in more recent model years because improved bumper systems may have
reduced the need for towing in frontal crashes (causing an increase of side
towaways relative to frontals). Therefore, the comparison‘is limited to the
first 3 model vears with beams relative to the last 3 without them (full-sized
and intermediate GM cars did not get improved bumpers until the 4th year after

beams were installed).

Table'7¥7 shows the ratio of side to frontal towaways.on NCSS
in single vehicle crashes. For example, in cars of the last model year
without beéms, there were 17 single vehicle side impacts for every 1OQ
single vehicle frontal impacts. In the first model year with beams, there
were 20 single vehicle side impacts for every 100 single vehicle frontals.
Thus, in the one-year comparison, side impact towaway involvement increased
slightly for post-Standard 214 cars. In the 2 year comparison, howevef,
the situation is reversed. Post-Standard 214 cars have a slightly lowér
s}ngle vehicle side impact involvement rate, relative to frontals (.20),
than pre-standard cars (.21). When the comparison is extended to 3 yeérs
before and after beam installation, the involvement is again lower fori post-

standard (.20) than pre-standard (.26).

The results do not suggest that Standard 214 strongly influehced the

need for towing in single vehicle crashes. The 3 year comparison, which is
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TABLE 7-7

RATIO OF STDE TO FRONTAL TOWAWAYS, NCSS, BY STANDARD 214
COMPLIANCE, SINGLE AND MULTIVEHICLE CRASHES

Ratio of Side to Frontal Impacts

In Single Vehicle In Multivehicle
Crashes Crashes

Last model year without beams ‘ .17 | .60
First model year with beams : .20 .55
Last 2 model years.without beams ‘ .21 .52
First 2 model years with beams .20 ‘ .56
Last 3 model years without beams .26 .56
First 3 model years with beams .20 .52
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based on the largest sample, does suggest that Standard 214 cars were

towed about 23 percent less often than pré—standard cars (i.e., the raéio
was .20 which is 23% less than ;26). But a large portion of this reduétion
is due to the overrepresentation of body-and-frame, pillared, and/or Agdoor
cars in the post-standard group, which are less susceptible to towing ;

in side impacts (see Section 7.4.6). Moreover, the 1 and 2‘year compafisons
do not show a large reduction in towaways for Standard 214, with the 1 year

comparison actually showing a slight increase. It is concluded that

Standard 214 had no. substantial effect on the need for towing in single

vehicle crashes.

It is likewise concluded, based on the data in Table 7-7, that

Standard 214 had little or mo effect on the need for towing in multivehicle
crashes. There is no discernable trend in the ratios of side to frontél
towaways. The ratio is slightly higher for post-standard cars in the i
year comparison (.60 vs. .55), lower in the 2 year comparison (.52 vs.:.56)

and again higher in the 3 year compairson (.56 vs., .52).
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7.5 Refined effectiveness estimates - based on multidimensional
contingency table analyses '

By usiné control variables and multidimensional contingency
table analysis, it'is possible to identify and remove biases in the
preliminary effectiveness estimates (Section 7.3) that are due to certain
differences in the accident environments of pre and post-Standard 214
cars (7.4.3), changes in safety belt usage (7.4.1), and the injury or
Lowaway—reducing effects of vehicle modifications other than standard 214
(7.4.2 and 7.4.6). ‘The refined effectiveness estimates thereby obtained
are the pfincipél statistical results from NCSS. Nine estimates and
their confidence boa}ds are obtained: for each of 3 crash types (single
vehicle, multivehicle, nearside multivehicle-compartment craéhés) over
3 vehicle age ranges ( 2 years before vs. 2 years after, 5 years, all

years).

7.5.1 Procedure

Section 7.1.A explains, very generally, how control variables
are used to rembye blases in effectiveness estimates and referé to a
procedure for interactive selection of control variables tﬁat wés
developed in the evaluation of steering columns [44], pp. 164 - 183.
That procedure,’wﬁich resembles stepwise regression, is used ﬁere with

minor changes, and it works as follows:

The starting point is one of the nine preliminary effectiveness
estimates in Tables 7-1, 7-2 or 7-3. A list of potential control
variables (definéd in Section 7.5.2 and discussed in 7.4.1, 7.4.2,

7.4.3 and 7.4.6) is drawn from the NCSS data elements. For each potential
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control, the 3 way table of Standard 214 compliance by injury by the control
variable is formed. The cell entries are smoothed by the BMDP3F multidimensional
contingency table analysis [;14.]. The marginals of the pre and post-Standard
populations are adjusted (using the smoothed cell entries) to héve the

same distribution of the control variable. = The injury reduction for
post~Standard ca;s relative to pre-Standard is recalculated using thg "expected"
cell entries. The control variable which results in the greatest deviation cof
injury reduction from the preliminary effectiveness estimate is chosep as the
first control variable. This 1s the "first step" of the "stepwise rggression."
The remaining gpntrol variables are scanned. Those which caused less than

1 percent change in the effectiveness estimate are not used in latet steps.

Also dropped arec variables that would, on the next step, produce a table

with too many cells for the amount of data available (viz. fewer than 5

injured pre-standard car occupants per cell).

Next, for each of the control variables still in the running,
the 4 way table of Standard 214 compliance by injury by thé first selected
control by that variable 1is formed. The cell entries are again smoothed,
the marginals adjusted, and the injury reduction recalculated. The control
variable which results in the greatest deviation from the previous étep is
chosen as the second control variable. This is the "second step." iThe
process continues {including scanning of the remaining control variébles
before the next step) until none of the remaining control variables has
an effect as large as 1 percent or until all tables become too large for the
amount of data available. If the process ends for the latter reason - and
there are stili several variables causing more than 1 perceﬁt deviation -

it may be preferable to choose as the last control variable not necessarily the



one which causes the largest deviation but perhaps another one whereby
the effects of';hé unselected variables more or less cancel oné-another
out (this is done only on the multivehicle all-year estimate,;‘see Section

7.5.4).

The injury reduction calculated in the last step is the

refined estimatéfof.effectiveness based on NCSS. Its confidence bounds are

empirically derived by a jackknife procedure indentical to the one used in
the steering colugn evaluation [44 ], PP. 187-193. The NCSS sample of
crashes under consideration (e.g., single vehicle crashes of cars 2 model
years before or after beam installation) is divided into 10 systematic random
subsamples of eqpalvsize. One subsample is removed and the refined injury
rates recalculated for the remaining 9/10 of the sample, usiné the

same control variablés and multidiminsional contingency table analysis models
as were applied to the full sample, The subsample‘is returned, another
removed, énd the injury rates recalculated, etc, The variation found in the
10 calculations is the basis for establishing confidence bOuhds. The great
advantage of the jackknife technique is that it gives an empirical assessment
of the effects on variance of the NCSS sampling plan and the'particular
control variables chosen. These effects can vary considerably from one

analysis to anothef.
The only differences between the process used in the steering column
evaluation and the one used here are:

0 The initial screening of control variables' 2 and 3 way
interactions with MSS compliance and injury [‘o&J, pp. 170-173, has been

omitted here. That ?creening was mainly a vestige of Hochberg and Reinfurt's
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analysils process [.72)and did not really prove useful in the steering
column evaluation.

o0 The current procedure, on the other hand, allows for deletion
of control variables at each step of the iterationm. This-simplifiés
the analysis and aléo deals with a situation (which never occurred%in the
steering columnre§éluation) where gome variables have too many catggories to
permit further épalysis, but others do not. |

o The current procedure allows selection, at the last séep, of
a variable that does not have the greatest effect on the injufy raﬁe if
this will allo; the effects of the unselected variables to add up tﬁ zero.
Already, in thé-steering column evaluation, two variables were tiedﬁat the
last step: age (effect of =-1.3) and sex (+ 1.3) 44 ], p. 182. Tﬁe former
was chosen becadse "thertrend of the remaining control variables isigenerally
downwards." fﬁis rationale, applied in that evaluation to depide ties, is

now extended a bit fur;her.

7.5.2 Definitions of the control variables

The fbllowingrl3 control varisbles are used:

1. Safety belt usage: yes/no (for discussion see Sectio% 7.4.1)
2, Pillared / true hérdtop (7.4.2, 7.4.6) |

3. Body and frame / unitized or integral (7.4.2, 7.4.6)

4, 2 doors [/ 4 doors (7.4.2, 7.4.6)

5. Véhiclg weight: light/heavy (7.4.2, 7.4.6)

6. Rural/urban (7.4.3)

7. Speed limit: 55/other (7.4.3)
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8. Size.of striking vehicle (7.4.3) (m. a. in single vehicle crashes)
9.‘Nea;side/farside occupant (7.4.3) (n. a. in multivehicle nearside/
compartment crashes) |
10. 0c¢uﬁant age: young/older (7.4.3)
11. Occupant sex (7.4.3)
12. NCSS team

13. Beam installation year

All control variables must be categorized and, preferably have
few categories. _Continuous variables (such as age) must be subdivided into
class intervals. The definitions and categorizations are as follows (for

exact definitions, see Appendix B ):

1. Beit usage has 2 values: yes/no (including unkﬁown). Yes
includes any type of restraint. The variable is based on the NCSS investigator's
belt usage assesément; if this 18 unknown, then on the 1nterViewee's
assessment; if Ehis is unknown, then on the police assessment.‘

2. Pillared/true hardtop has 3 values: pillared/true hardtop/
unknown. The variable is defined, first, on the basis of make/model/year codes,
for those combinations where all cars were of one type. For makes, models
and years in whiéhiboth types of‘cars exist, the variable is'based on a
VIN analysis deveiobed for this report. Great care must be used in the VIN
analysis, since, in certain years, somerpillared cars were called "hardtops"
and some pillarless cars were called '"coupes" or "sedans.," Various
infox:mation sourc‘es were consulted(60],[661(83 ] and, when they were
inadequate, thé variable was left unknown. In the 2 and 5 year comparisomns, -
there were only érfew unknown.cases and they were combined with the pillared

category.
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3. Body and frame/ unitized is based on the MDAI manual [60 j,
pp. 43-44, The values shown there are assumed to extend to earlier and
later model years on the NCSS file, an assumption partially confirmed by
Friedberg[bl] . Integral-stubframe is included in the "unitized" categéry.

following Friedberg. There were no unknowns, so the variable has just 2 values.

4. Number of doors has 3 values: 2, 4, unknown. The definition,
like hardtop/pillared is based on make/model/year codes followed by a
VIN analysis where needed. Hatchback doors are not counted. In the
2 and 5 year compérisons, the relatively few unknowns are combined with
the 2 door category.

5. Vehicle weight has two categories: 1less than 3500 pounds
(including a handfui of unknowns) /3560 or more, It is based on the weight
shown in NCSS. The break was made at 3500 because it is more or less the
median weight.

6. Rural/urban has 2 categories: rural/urban, including unkﬁown.
Since Delta V, etc; are not valid control variables (see Section 7.4.43, this
is an important control for crash severity.

7. Speed limit has 2 categories: 55 / other, including unknbwn.
The speed limit, as used here, is the highest of the speed limits for the
various cars in tﬁe acclident. This 1s another important control for cfash
severity.

8. Size of striking vehicle has 4 categories:
subcompact or compact car / intermediate or full-size car / light truck /
heavy truck. It is based on the NCSS "object contacted" assoclated wiﬁh
the primary CDC. The variable is important not only as a control for crash
severity but also because beam performance is thought to be influenced by

the height of the striking vehicles' bumper (see Section 3,2.2).
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9. Nearside/farside occupant has 2 values, as defined in Section
7.1.1. |

10. Occupant age has 2 values: 24 or less, including unknown /
25 or more. The break 1s made at the median age on NCSS. |

11. Occdﬁant seX has 2 values: male, including unknowr/female,
including pregnépt:female and female (unknown if pregnant).

12, NCSS team has 7 values, corresponding to the 7 teams., It was
not discussed in‘Section 7.4. but has been added for several fgésons.

o It was the first control variable selected in the evaluation
of steering columns. That was primarily due to team~to-team differences in
contact point missing data. They are not a factor in the current analysis.

o There could be team-to-team differences in police accident
reporting . criteria, etc., that could bias effectiveness eStimatés.

o Another surrogate for crash severity. |

This variable is never chosen in any of the analyses.

13. Beém‘ingtallation year has 8 categories: 69/ 70/ 70.5/ 71/ 12/73
73.5/ unknown. Fof example, any Plymouth Barracuda (regardlessfof model
year) 1is in categofy 70, the year when beams were first installéd in this
make and model. The v#riable is a control for vehicle age biasés (because
cars of the earlier categories are overrepresented among the pq§t-standard
group whereas cars of the later caéegories are overrepresented #n the .
pre-standard group.) It is also added to check whether the eff;ctiveness
of beams is reasonaSly consistent across makes and models, Wheﬁ variable
no. 3 has been selected as a control in a previous step, this variable has to
be collapsed to 2 categories, 69 - 70,5 and 71 -~ 73.5, ir or&erito assure
both types of body construction are found in each category of tLe present
variable. The "unknown' category, which consists of imported cﬁrs other than

VW, 1is absent in the 2 and 5 year comparisons (see Section 7.2).
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7.5.3 Effectiveness in single vehicle crashes

The most important control variables in single vehicle cra;hes are
structural features - above all, body and frame vs. unitized construction.
As Section 7.4.6 explains, these features affect the need for towing in
single vehicle crashes, thereby biasing NCSS injury rates against éténaard 214,
After controlling’fbr them, the refined effectiveness estimates in s;ngle

vehicle crash¢s§are always higher then the preliminary estimates of Table 7-1.

Table 7-8 shows the derivation of effectiveness based on ai
comparison of cars of the first two model years with beams relative ?o
the last two ye#ré without them. The starting point is the preliminary effective-
ness estimate (from Table 7-1) of 46.7 percent. In Step 1, effectiveness is
recalculated 12 times, using each of ﬁhe control variables separately. When
"frame/unitized" is used as the control variable, the effectiveness rises
to 53.1 percent, which 18 an increase of 6.4 percent over the preliminary
estimate. This is because body-and-frame cars, which are overrepresénted among
the post-Standard 214 fleet, are less likely to require towing after;a
crash and thus havé a spuriously higher injury rate. As a result the
post-Standard 214 injury rate is also biased upwards. Controlling fér that
‘variable reduces the post-Standard 214 injury rate, thereby increasiég
effectiveness, Alllof the other varilables had effects of lesser magﬁitqde.

Therefore, "frame/unitized" is selected as the first control variable.

Another structural feature, N of doors, also increased effectiveness
(by 3.3%), but not as much as "frame/unitized." Variables pertaining to crash
conditions, such as rural/urban, speed limit, age, sex, etc. resulted in

moderate reductions in the effectiveness estimate because, generally speaking,
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TARLE 7-H

INJURY REDUCTTON ATTRIBUTED TO STANDARD 214 IN SINULE VEHICLEL URASHES

FIRST 2 YEARS WITH BEAMS VS. LAST 2 YEARS WITHOUT THEM

‘entrel Yarivables Injury Change in Reduction Disposition
: Reduction for of Control
st 2nd Ird Standard 214 (X) Cumulative Incremental Variable
NONt 46,7
Bolew 43.8 -2.9 ~2.9
B-pillar 46.8 +0.1 +0.1 X
e Frame ‘unit 1zed 53.1 +6.4 +6.4 ‘/
N of doors 50.0 +3.3 +3.3
Veh, weight 47.1 +0.4 +0.4 X
Rural’urban 431.6 -3.1 -3.1
Speed limit 44,2 -2.2 ~-2.2
Nelrside/tntyide 42.8 ~-3.9 -3.9
Occupant age 45.0 -1.7 -1.7
Occupant sex 43.5 -3.2 -3.2
NCSS team 52.3 +5.6 +5.6 XX
Beam innn!l.Ayr. 45.7 -1.0 ~-1,0 X
Frame /unitized 53.1
Frame/unitized Belts $2.4 +5.7 -0.7 X
g . N of doors 56.5 +9.8 +3.4 v
" Rural/urban 52.3 +5.6 -0.8 X
" Speed limit 53.1 +6.4 0 X
" Nearside/farside 51.1 +4.4 -2.0
. v Occupant age 54.2 +7.5 '#l.l
. Occupant sex $2.6 +5.6 -0.5 X
'!"'-r ame/unitized N of doors TR S
Frame/unitized N of doors Near/farside @ +8.6 -1.2 \/
" " Oce. age 57.4 +10.7 +0.9 X

\/nelected<

X deleted’

XX deleted:

incremental change 12 or less
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the pre-standard cars had slightly more severe crashes. "Nearside/farside"

had the largest effect in this group of variables ( -3.9%).

B - pillar, vehicle weight and beam installation year had effects
of 1 percent or less because, in the 2 year compariscn, the pre and boat-Standard
populations had gbout the same distributions of these variables. They are
dropped from the lisﬁ of controls. NCSS team caused a 5.6 percent increase
in the estimate but 1s also dropped: in a 2 year comparison, thgre are
not enough single vehicle crashes to spread out among 7 teams and other

control variables. The remaining variables are retained for Step 2. .

The starting point for Step 2 18 the effectiveness, controlling for

frame/unitized, wﬁicﬂ was derived in Step 1: 53.1 percent; Effectiveness

is recalculated 7 times, using frame/unitize@ as one control and eacﬁ

of the variables remaining after Step 1, separately, as the other coqtrol.
When N of doors is.used as the second control, the effectiveness rises to
56.5 percent, which is an increase of 3.4 percent over the preceding:
estimate. All of the other variables had incremental effects of leséer
magnitude. Therefore N of doors, another structural feature that affects

the need for towing, is selected as the second control variable.

Note that the incremental effect of N of doors is virtually the
same in Step 2 (3.4) as it was in Step 1 (3.3). This suggests that the
biases due to frame/unitized and N of doors are independent and additive. On
the other hand, the Step 2 effects of nearside/farside, rural/urban, belt
usage, etc. are all diminished from their Step 1 effects. This suggests

that these variables are partially correlated with frame/unitized, so the
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blases are less than additive (e.g., belt usage is lower in body-and-frame
cars than in unitized cars because, in this particular situation, the

former are older and bigger). This attenuation of effects due to intercor-
relation is reminiscent of what occurs in stepwise regression. Specifically,
the incremental effects of belts, rural/urban, speed limit and occupant

sex are diminshed below the 1 percent level and the variables are dropped

from further consideration.

. The starting point for Step 3 is the effectiveness controlled for
frame/unitized and N of doors: 56.5 percent. Effectiveness is recalculated
twice, controlliﬁg for frame/unitized, N of doors, and each one of the 2
remaining variables, separately. When nearside/farside 1s used as the third
control, effec;iveﬁess drops to 55.3 percent, which is 1.2 percent less
than the preceding estimate. This is because farside occupants, who are
less vulnerable to injury, are slightly ovefrepresented (apparently, by
coincidence) in the post-standard sample. The other variable, occupant

age, has less than 1 percent incremental effect and is dropped from the analysis.

No more variables remain, so the analysis is completed, with frame/unitized,

N of doors, and nearside/farside selected as controls.

The refined estimate of Standard 214 effectiveness in single

vehicle side impacts, based on a 2 year comparison is 55.3 percent.

The lower confldence bound (one-sided = ,05) for this estimate, based on

the jackknife procedure, is 36 percent. The upper bound is 71 percent. The

effectiveness is significantly greater than zero (one-sidedd = .03).

Table 7-9 shows the derivation of effectiveness based on a

comparison of cars of the first five model years with beams relative to the

last five years without them.
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INJURY REDUCTION ATTRIBUTED TO STANDARD 214 IN SINGLE VEHICL@ CRASHES

TABLE 7-9

FIRST 5 YEARS WITH BEAMS VS, LAST 5 YEARS WITHOUT THﬁM

Control Variables

Injury

Chan

ge in Reduction

Disposition

Reduction for : of Control
st 1nd Jrd Stendard 2146 (1) Cumu lative Incrementat Variable
RONF 14.9
Belts 9.9 ~5.0 ~-5.0
B-pillar 16.0 +1,1 +1il

r Frame'unitized 24,4 +9.5 4955 v
N oof Jﬂnri 19,1 %, 2 ‘4;2
Veh., weight . 17.3 +2.4 +2.4
Ruralurban 1.5 -4 -3.4
Speed Limit 13.7 -1,2 -1.2
Nearside ‘farside 13.2 ~1.7 ~l.b
Occupant age ' 14.1 -0.8 -O.? X
Occupsnt se; 13.4 -1.5 —l.s
NCSS team 11.8 -3 -1.1
Beu@ inatall, yr. 20.) 5.4 +5.é
Lp-Frame /unitized 24,4
r- Frame/unitized Belts 29.9 +6.0 ~3.5 \/’
" B-pillar 27,4 s12.5 +3.0
" N of doors 6.5 +11.6 +2.£
" Veh. weight 22.4 +7.5 =2.0
" Rural/urban 22.1 +7.2 ~2.i
" Speed limit 2.4 +9.5 0 X
v Nearaide/farside 23,7 +8.8 —0.77 X
N Occupant sex 24,2 +9.3 —0.2i X
" NCSS team 27 .4 +12.5 03.0i X
" Beam install. yr. 24,8 +9.9 ’O.ar X
b Frame /unitized Belts 106.9
Frame/unitized Belts B-pillar +8.7 +2.7 \/
" " N of doors  23.2 +8.3 +2.3 x
v " Veh. weight  19.3 +4,4 -1.6 - XX
" " Rural/urban  19.7 +4.8 ~-1.2 XX

\/’ selected

X deleted:

XX deleted”

incremental

change 11 or

less

would have toa many celle at next step
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Again;."frame/unitized" is easily the most influential control
variable and is selected in Step 1. This increases the effectiveness by 9.5
percent, from the‘breliminary 14.9 up to 24.4 percent. The effect of
frame/unitized is even larger than in the preceding analysis because body-and |
~frame cars are even more overrepresented 3-5 years after beam installation
than there were in,the first 2 years. As in the 2 year comparison, the
control variabies pertaining to structural features increased the effectiveness
estimate while thoéé‘pertaining to crash conditions decreased it. Two
differences from the 2 year comparison are that belts and B-pillars became
more important contrbls. Belt usage significantly increased over the +5 year
period but not ovér the 12 year perlod (see Table 7-4). The largest
shifts from hardtops to pillared cars occurred in the 3rd year after beam

installation.

Belt‘usaée was selected on Step 2. Control for belt usage reduced
the effectiveness from 24.4 to 20.9 ﬁercent. At Step 3, B-pilyar was
selected, having éh incremental effect of +2.7 percent. The other 3
variables remaining on Step 3 could not be retained for a possible 4th step,
because the tables‘would have become too large for a valid analysis. Their
effects were not large (-1.2, -1.6 and +2.3) and more or less .cancelled

each other. Thus;, the analysis is ccmpleted, with frame/unitized, belts

and B-pillar selected as controls.

The refined estimate of Standard 214 effectiveness in single

vehicle crashes, based on a 5 year comparison, is 23.6 percent. The

lower confidence bound for this estimate 1s ~3 percent; the upper bound is

40 percent. The effectiveness is not significantly greater than zero,

although it comes very close to significance.
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Table 7-10 shows the derivation of effectiveness based on a
comparison of all NCSS cars with beams to all cars without them. What
takes place is nearly the same as in the 5 year comparison. Although an
influx of foreign cars of unibody cons£ruction has somewhat reduced:the
overrepresentation of body and frame in the post-standard group, "frame/
unitized" 1s stiil éasily the most influential variable and is seleéted
at Step 1. It raises the effectiveness by 7.1 percent, from a preliminary
27.0 to 34.1. Again, belts and B-pillars are the dominant factors in
Steps 2 and 3, one negative and the other positive. ‘Only, this time,
B-pillar is selected before bglts as its Step 2 effect is sligﬂtly larger.
Belt usage is selectéd at Step 3. The analysis is completed with

frame/unitized, B-pillar and belts selected as controls.

The refined estimate of Standard 214 effectiveness in single

vehicle crashes, based on all NCSS side impacts, 1s 34.1 percent. The

lower confidence bound for this estimate is 20 percent; the upper bound

is 44 percent. The effectiveness is significantly higher than zero;
The 3 effectiveness estimates (2 year, 5 year and all year) are
compared to one another and discussed in light of other bias analyses in

Section 7.8.

7.5.4 Effectiveneés in multivehicle crashes

Structural features such as body and frame vs. unitized

construction are much less influential control variables in multivehicle
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TABLE 7-10

INJURY REDUCTION ATTRIBUTED TO STANDARD 214 IN SINGLE VENICLE CRASHES

ALL CARS WITH BEAMS VS, ALL CARS WITHOUT THEM

Caners! Variehles Injury Change in Reduction Disposition
Reduction for of Coatral
lat 2nd brd Standard 214 (Z) Cumulative Incremental Variable
NONE 27,0
Belts 23.1 =3.9 -3.9
B-pillar 30.8 +3.8 ‘+3.8
rFrame/ulnitiu'd 3.1 .1 +7.1 v’
N of doors 29.3 +2.3 +2.3
Veh. weight 30.2 +31.2 +3.2
Rural/urbln' 26.3 -0.7 -0.7 X
Speed limt 26.7 -0.3 -0.3 X
Nenrsid»/fa;‘side 27.2 +0.2 +0.2 X
Occupant age 27.1 +0.1 +0.1 X
Occupant sex 27.0 0 0 X
NCSS team - 24.1 -2.,9 -2.9
Beam install. yr. 32.3 +5.3 +5.3
- Frame/unitized 34,1
Frme/uni!ﬁed Belts 30.5 +3.5 -3.6
[ " B-pillar 37.9 +10.9 +3.8 \/
" N of doors 34.5 +7.5 +0.4 X
" Veh. weight 33,7 +6.7 -0.4 X
" NCSS team 36.3 +9.3 ' +2.2
e . Beam install yr. 35.1 +8,1 - +1.0 X
bpwa Fr ame /unitized B-pillar 37.9 A
Frame/unit ized Bepillar Belts @ +7.1 1.8 v
" NC5S team 35.2 +8.2 =2, XX

/le\ecled

X deleted: incremental change 1% or less

XX deleted: would have ton many cells #t next step
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than in single vehicle crashes. This 1s because they have little or no
effect on Qhethér'a car needs to be towed (see Section 7.4.6) and only a
moderate effect on injury risk (7.4.2). Instead, the most important

control variables pertain to the accident environment, such as the rural

or urban location, the speed limit and the size of the striking vehicie.
Sometimes the variables create a bias agalnst Standard 214, spmetimesrin
favor. As a result, the refined estimates are neither consistently higher
nor consistently lower than the preliminary estimates. But the refined
estimates do come closer to one another than the preliminary ones - a

good sign thatrthe-;ﬁalysis may have removed biases that caused discrépancies

in the preliminary estimates.

Table 7-11 shows the derivation of effectiveness based on a.
comparison of cars of the first two model years with beams relative to the

last two without them.

The only controls that have a substantial effect at Step 1 are
the size of the striking vehicle, rural/urban and speed limit. In fact,
they turn out to be the 3 selected variables. Note that a large number of
variables, inciuding all structural features, are eliminated at the first
step: there are relatively few differences in the pre- and post-standard

groups over a 2 year comparison.

Size of striking vehicle is selected on Step 1. The post-s:andard

cars are driven in an environment where collisions with trucks, especially
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INJURY REDUCTION ATTRIBUTED TO STANDARD 214 IN MULTIVEHICLE CRASHES

TABLE 7-11

FIRST 2 YEARS WITH BEAMS VS. LAST 2 YEARS WITHOUT THEM

Cantral Variables Injury Change in Reduction Disposition
Reduction for of Control
st 2nd 3rd Standard 214 (2) Cumulative Incremental Variable
NONE 5.1
Belts 6.4 +1.3 +1.3
B-p.ilar 4.8 ~0.3 ~0.3 X
Frame ‘unitized 4.7 «0,4 -0,4 X
N of doors 4,5 ~0.6 -0.6 X
Veh. weight 6.9 -0.2 -0.2 X
Rural/urban ~-1.2 -6.3 -6.3
Speed limit 7.7 +2.6 +2.6
Size of striking veh. 12,0 +6.9 +6.9 /
Nearside/farside 5.7 +0.6 +0.6 X
Occupant age 5.1 0 0 X
Occupant sex 4.9 -0.2 -0,2 X
NCSS team 3.5 -1.6 -1.6
Beam inspnll..yés 4.7 -0.4 ~0.4 X
L-Size of strﬂlking veh. 12.0
Size of striking veh. Belts 14.4 +9.3 +2.4
" Rurel/urban 5.3 +0.2 -6.7 V
" Speed limit 14,1 +9.0 +2.1
" NCSS teswm 12.0 +6.9 0 X
Size of striking veh. Rural/urban 3.3
Size of atriking veh, Rursl/urban ‘Belta 7.1 +0,2 ‘ +1.8 XX
" " Speed limit @ +6.3 46,1 V

“mlecled'

X deleted:

XX deleted: would have too many cells st next step

incremental change 11 or less
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large trucks, are more frequent. In that sense, their crash enviromment
is more severe. After control for this bias against the post-standard

cars, effectiveneés rises from 5.1 to 12.0 percent.

Rural/urban was the second most important variable on Step 1 and
is selected on Step 2. Pre-standard cars are more common in rural areas,
where crashes are'more severe, This is a blas against the pre-atandardi
cars. Controlling for it brings the effectiveness back down to 5.3

percent, barely above the preliminary estimate.

Speed 1limit is selected on Step 3. The post-standard cars are
more likely to ﬁave crashes on 55 mph roads. This is a bias against the
post-standard carst‘ Controlling for it takes the effectiveness back up to
11.4 percent. It may seem paradoxical that control for rural/urban is a
negative factor but speed limit 1s positive. The explanation is that, on
NCSS, the newer cars are overrepresented in suburbs and primary intercity
roads; the older cars on secondary rural roads and inner city streets. iThus,
the pre-standard cars are overinvolved in rural areas yet underinvolved:

on 55 mph roads.

The refined estimate of Standard 214 effectiveness in multivehicle
side impacts, based on a 2 year comparison is 11.4 percent. The lower

confidence bound for this estimate is -3 percent; the upper bound is 24:

percent. The effectiveness is not significantly greater than zero, although

it comes close to significance.
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TABLE 7-12
INJURY REDUCTION ATTRIBUTED TO STANDARD 214 IN MULTIVEHICLE CRASHES

FIRST % YEARS WITH BEAMS VS. LAST 5 YEARS WITHOUT THEM

Cortrol Variahies injury Change in Reduction Disposition
) Reduction for of Control
st 2nd 3ed Standard 214 (%) Cumulative Incremental Variable
NuUNt 14.5
Belts 13.4 =-1.d 1.1
Bopiltar 14.7 +0.2, +0.2 X
Yrvame '-mi.t izeld 14.7 +0.2 +0,2 X
Noat donrs 14,1 -0.4 o -0.4 X
Ven. we},ﬂ.: 13.1 -1 -1.4
= Hura./urban ] 9.5 -5.0 -5.0 V
Speed lignit.' ) 18.5 +4.,0 +4.0
Size o‘f striking vel, 16.8 +2.3 +2.3
Nearside/farside 16,6 0.1 +0.1 X
Occupént.ngej‘ 15.7 +1.2 +1.2
Occupant nex 15.1 +0.6 +0.6 X
NCSS team 16.12 -0.3 ' -0.3 X
Beam install. yr. °~ 15.9 +l.4 +1.4
be~ Rurat/urban 9.5
Rural/urban Belts 7.9 -6.6 -1.6
" Veh. weight 8.4 -6.1 : -1.1
[~ " g Speed limit 13.6 -0.9 4.1 \/
" Size of striking veh, 12.1 ~2.4 ' +2.6
v . Occ. age 10.9 -3.6 ‘ +1.4
" Beam instalt yr. 11.0 -3.5 +1.5
\~Rural/urban Speed Timit 13.6
Rura! ‘urban S Speed limit Be;ts 12,1 ~2.4 -1.5 XX
" " Veh. weight 12,4 -2.1 -1.2 XX
* " Size of
striking veh, +1.9 +2.8 \/
" " Occ. age 15.0 +0.5 +1.4 XX
e Beam instell yr. 15.6 +1,] . +2.0 XX

\/nleurd

X Jeleted: ‘incremental chanpe 1% or leas

XX deleted: would have too many cells at next step

243



Table 7-12 shows the derivation of effectiveness based on a
5 year comparison.v The analysis for this much larger sample has nearly tﬁe
same results as tﬂe 2 year comparison. The same control variables are |
selected, but in a different order: rural/urban at Step 1, then speed
limit, then size of striking vehicle. Again, the effect of rural/urban
is negative; the othér 2 variables have positive effects (although
smaller than in the 2 year comparison)., The net result is thét effective;
ness increases only a little: from a preliminary estimate of 14.5 perceni

to a refined estimate of 16.4 percent. The lower confidence bound for this

estimate is 7 percent; the upper bound is 24 percent. The effectiveness

is significantly gfeater than zero,

Table 7-13 shows the derivation of effectiveness based on all
NCSS multivehicle side impacts., The addition of a large number of new carg,
many of them imports; and a smaller number of quite old cars causes |
differences from the 5 year comparison. The post-standard cars are not as.
overrepresented in collisions with large trucks, reducing the effect of siie
of striking vehicle as a control variable. Differences in belt usage,

occupant age and the number of doors are increased.

Speed limit.is selected at Step 1, reflecting, as before,
overrepresentation of newer cars on 55 mph roads. Effectiveness rises
from 14.2 to 18.2 percent. N of doors is the most influential control

variable at Step 2: post-standard cars are more likely to have &4 doors, a
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INJURY REDUCTION ATTRIBUTED TO STANDARD 214 IN MULTIVEHICLE CRASHES

TABLE 7-13

ALL CARS WITH BEAMS VS, ALL CARS WITHOUT THEM

Control Variables

Injury

Chan

ge in Reduction

Disposition

) Reduction for of Control
1st ) 2nd Jrd Standard 214 () Cumulative Incremental Variable
NONE 14.2
Belts 12.5 -i.7 ~-1.7
B-piliar 13.7 ~0.5 -0.5 X
Frame /unitized 13.4 -0.8 -0.8 X
N ot doors 12,4 -2.1 ~2.1
Veh. weight 11.8 -2.4 -2.4
Rurn!/yrblg 12.8 ~1.4 ~1.4

~ Speed limit 18.2 +4.,0 +4.0 v
Size of striking veh. 15.0 +0.8 +0.8 X
Nearside/furliQe 14.8 +0.6 +0.6 X
Occupant age 16.1 +1.9 +1.9
Occupant ue;4 14.0 =-0.2 ~0.2 X
NCSS team 15.1 +0.9 +0.9 X
Beam instlli. yr. 15.6 +1.4 +1.4

b Speed limit 18,2
Speed limit Belts 16.2 +2,0 -2.0

- " N of doors 15.4 +1.2 -2.8 \,”

"o , Veh. weight 15.6 +1.4 -2.6
" Rural urban 16.0 +1.8 -2.2
" Occ. age 20.4 +6.2 +2,2
"o Beam install yr, 19.7 +5.5 . +1.5%

= Speed limit N of doors 154

Speed limit N of doors belt; @ -1.5 -2.7 \/
" " Veh. weight 144 +0.2 -1.0 X

" " Rursl/urban 12.7 -1,% =-2.7 XX

QOcc. age 18.3 +4.1 +2.9 KX

" " Beam install yr. 16.9 +2.1 +1.5 XX

\/’lelected

X deleterd: incremental change 11 or less

XX deleted:

would have too many cells at next step
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structural feature that reduces injury risk. Control for thié_factori

reduces the estimate, by 2.8 percent, to 15.4 percent.

Five control variables survived Step 2 and are tested in Stép 3.
Three had negative effects: belts, rural/urban and vehicle weight. 6nly
océupant age and beam installation year had positive effects. Although
occupant age had thé largest effect (+2.9), belts were selected at this
step. Their effect was nearly as large (-2.7) and, when they are selécted,
the effects of the unselected variables nearly cancel each other out.%
Since it is not feasibie to proceed to a fourth step, it is best to pick
a variable that has this property. (See Section 7.5.1 for selection
criteria at the last étep. Rural/urban could also have beén selected;

instead of belts, since it has the same effect.)

After controlling for speed limit, N of doors and belt ﬁsage;

the refined estimate of effectiveness 1s 12.7 percent. The lower confidence

bound for this estimate is 2 percent; the upper bound is 22 percent. The

effectiveness 1is significantly greater than zero.

7.5;5 Effectiveness for nearside occupants in multivehicle -compartment
crashes , : :

The analyses for nearside occupants in multivehicle crashes
centered on the passenger compartment somewhat parallel the results fot all
types of multivehicle crashes. But the refined effectiveness estimates are

up to 3 times as high. Size of the striking vehicle is the most important
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control variable.’ 3ecause the post—st&ndard cars are in all cases
overrepresented in collisions with large trucks, the result of controlling
for it 1s to raisg the effectiveness estimate. Structural features are
relatively unimportant control variables. Belt usage is a méjor factor in

the 5 and all year comparisons.

Table 7-14 shows the analyses for the 2 year comparison. Size
of striking vehicle is selected at Step 1 and raises the effeétiveness
from 22.2 percent to.30.0 percent. Rural/urban and speed 11ﬁ1£ are also
major positive factors on Step 1 and are, in fact, selected on the next

2 steps.

On Step.Z,‘rurallurban and speed limit still have the largest
effects, but now in tﬁe opposite direction. The change in direction is due
to interaction with the first control variable (e.g., post-standard cars are
overinvolved in cqliisions with large trucks, but only in urbanlareas).
Control for rural/urban lowers the effectiveness estimate, by 6.7 percent,

back to 23.3 percent.

Speed limit is selected at Step 3. It had a moderate positive
effect on Step 1, a small negative effect in tandem with size of'striking
vehicle and now a positive effect of 10.7 percent in combination with the
first 2 controls. The fluctuation is due to interactions of the control
variables; moreover;\the relatively small sample‘for this analysis may be

exacerbating the variations.

The refined estimate of effectiveness, then, is 34.0 percent in

the 2 year comparisOn;- The lower confidence bound for effectiveness is
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TABLE 7-14

NEARSIDE OCCUPANT IRJURY REDUCTION ATTRIBUTED TO STANDARD 214 IN MULTIVEHICLE IMPACTS CENTERED ON

THE PASSENGER COMPARTMENT, FIRST 2 YEARS WITH BEAMS VS, LAST 2 YEARS WITHOUT THEM

Control Variables Injury

Reduction for

Change in Reduction

Disposition
of Control

15t 2nd Ird Standard 214 (1) Cumulative Increment al Variable
NONE 22,2
Belt's 217 -0.5 =-0.5 X
R-pillar . 19.6 ~2.6 -2.6
trame sunit ized 2.3 +0.1 +0,1 X
N of doors 21.2 ~1.0 -1.0 X
Veh. weight 22.3 +0.1 +0.1 X
Ruta'/urban 27.1 +4,9 +4.9
Speed lamit 26.3 +4.1 +4,1
p= Size ‘nf striking veh, 30.0 +7.8 07.i8 \/
Occupant age 2.5 +0.3 +0G.3 X
Occupant sex 20.2 -2.0 -2.0
NCSS team 22.1 ~0.1 ~0.1 X
Beam install. yr. 13.9 +1.7 +1.7
W Size of striking veh. 30.0
Size of striking veh, B-pillar 8.4 +6,2 -1.6
- " Rural/urban 23.3 +1.1 -6.7 v/
" Speed limit 7.9 +5.7 ~2,1
" Occ. sex 28.6 + .4 —l.é
" Beam install yr. 1.4 +9.2 +1.4 XX
bgwSize of striking veh, Rural/urban 233
S51ze of striking veh., Rural/urban B-pillar 22.9 +0.7 -0.4 X
oo " Speed limit +11.8 +10.7 v’
" " Occ. sex 2].0 -1.2 -2.3 XX

\/ selected
X deleted-

XX deleted:

incremental change 1% or less

would have too many cells at next step
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13 percent; the upper bound is 51 percent. The effectiveness is

significantly greater than zero.

Table 7-15 derives effectiveness estimates for the 5 year
comparison. fhgnka to the larger sample, the effects of the control
variables are more consistent than in the 2 year comparison. Again, size
of striking vehicle is selected at Step 1. Effectiveness increases from .
22.4 to 29.4 percent. On Step 1, control for belt usage has a moderately
large negative effect while rural/urban and speed limit have slightly

smaller positive effects.

Belt usage is selected as a control variable on Step‘2. Belt
users have substantially lower injury rates than nonusers in all types of
side impacts, including the ones studied here. As a result, control for
belt usage diminishes the effect attributed to Standard 214 by 3.7 percent.
Meanwhile, the effects of rural/urban and speed limit drop below the 1
percent level, due to their interaction with éize of striking vehicle.
B-pillar is the only variable that survives to Step 3, so it is automatically
selected. Since B-pillars slightly reduce injury risk, control for their
presence reduces the effect attributed to Standard 214 by a further 0.9

percent.

The refined estimate of effectiveness for the 5 year comparison is

24.8 percent. The lower confidence bound for this effectiveness is 10 percent;

the upper bound is 38 percent. The effectiveness is significantiy greater

‘than zero.
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TABLE 7-15

NEARSIDE OCCUPANT INJURY REDUCTION ATTRIBUTED TO STANDARD 214 IN MULTIVEHICLE IMPACTS CEN‘i’ERED ON

THE PASSENGER COMPARTMENT, FIRST 5 YEARS WITH BEAMS VS. LAST 5 YEARS WITHOUT THEM

Control Variables Injury Changn;in Reduction Disposition
Reduction for of Control
st . 2nd Ird Standard 214 (X) Cumulative Incremental Variable
NONE 2.4 V
Belts 17.6 ~4.8 -4.8
B-pillar 21,1 -1.3 -1.3
Frame /unit ized 23.2 +0.8 +0.8 X
N of doors 21.5 -0.9 -0.9 X
Veh, weight 21.5 ~0.9 ~0.9 X
"Ruratlfurban 2.8 +2.4 +2.4
Speed limit 25,7 +3.3 +3.3
(=~ Size of striking veh. 29.4 +1.0 +7.0 \/
Occupnnlv age 22.9 +0.5 +0.5 X
Qccupant sex 23.1 +0.,7 +0.7 X
NCSS tem" 24,4 +2.0 +2.0
Beam install. yr. 25.3 +2.9 ] +2.9
lo-Size of atriking veh. 29.4

™ Size of striking veh. Belts

5.7 +3.3 -3.7 v’

Size of striking veh. Belts B~pillar

" B-pillar 27.9 . +5.5 -1.5

" Rurel/urban 29.6 +7.2 : +0.2 X

" Speed limit 28.9 +6.5 -0.5 X

" 4 ‘ NCSS team 32.3 +9.9 +2.9 XX

" Beam instatl yr. 28.3 +5.9 -1.1 XX
L—s.u- of striking veh. Belts 25.7

“ select edl

X deleted: incremental change 1 or less

XX deleted: would have tao many cells on nent step
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Table 7-16 extends the comparison to cars of all ages. Again,
size of striking vehicle and belt usage are selected on the first 2 steps,
although their influence is a little weaker than in the 5 year comparison.

Control for size of the striking vehicle increases the estimate from a

- preliminary 24.9 up to 30.6 percent; control for belt usage cuts it back

to 27.2 percent. Rural/urban has a positive effect on Step 1 which, although
diminished in later steps by interaction with size of striking vehicle, is

still strong enough for selection in Step 3.

The refined estimate of effectiveness in the all year comparison

is 30.0 percent.' The lower confidence bound for this effectiveness is
11 percent; the uppét bound 18 43 percent., The effectiveness 1is

significantly greater than zero.
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TABLE 7~16

NEARSIDE QCCUPANT INJURY REDUCTION ATTRIBUTED TO STANDARD 214 IN MULTIVEHICLE IMPACTS CENTERED ON THE

PASSENGER COMPARTMENT, ALL CARES WITH BEAMS VS. ALL CARS WITHOUT THEM

Control Varisbles Injury Change in Reduction Disposition
Reduction for - of Control
st 2nd Ird Standard 214 (Y1) Cumulative Incremental Variable
NONF 4.9
Belits 20.9 ~4.,0 -4.0
RB-nillar L 23.5% -1.4 -l.4
brame ‘unitized 25.4 +0.5 +0.5 X
N of joors ' 24 .4 ~0.5 ~0.9 X
Veh, weight 23.8 -1,1 ~1.1
Rural/urban 29.4 +4.,5 +4,5
Speed limit 27.4 +2.5 +2.5
pee Size of stiiking veh. 30.6 +5.7 +5.7 \//’
Occupant age ‘ 26.0 +1.1 +1.1
(ccupant wex 25.6 +0.7 +0.7 X
NCSS team 26.1 +1.,2 ‘ +1.2
Beam install. yr. 29.3 4.4 +h .4
Lo~ Size of striking veh. 30.6
r Size of striking veh. BDBelts 7.2 +2.3 -3.4 \/
" ‘ B~piller 29.1 +4.3 ~1.4
" Veh., weight 29.9 +5.0 ~0.7 X
" : Rural/urban 32.6 +7.7 +2.0
" . Speed limit 32.0 +7.1 +1.4
" . Occupant age 31.0 +7.1 +l.4
v NCSS team 30.2 +5.3 ~0.4 X
" ’ Beam install yr. 32.8 +7.9 42,2 XX
striking veh. 27.2
Size of strivkmg veh., Belts B~pillar 26.4 +1.5 -0.8 X
" " Rural/urban +5.1 +2.8 \/
v o " Speed limit  28.8 +3.9 +1.6 XX
e oo Pec.oage 290 LTI +1.8 XX

\/nelected4

X deleted: incremental change 11 or less

XY deleted: would have ton many cells on next step
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7.6 A caveat ~ injury "reductions" in frontal crashes

The examination of side impact injury rates by model year (Section
7.4.5) did not reveal any obvious vehicle age-related biases. At the same
time, due to sampling error fluctuations in the NCSS injury rates, it was

impossible to reach a firm conclusion that such biases were nonexistent.

An alternative approach is to examine the injury rates in
frontal crashes for pre- and post~-Standard 214 cars. A substantial injury
"reduction" for Standard 214 in frontal crashes could indicate bias in the
frontal injury rates. Moreover, it would suggest that similar biases might
be present in the side impact injury rates (although it cannot be proven

that the blas would be the same in both impact types).

Table 7-17 shows the NCSS injury reductions in frontal single

vehicle crashes. Cars of the first 2 model years with beams had a 21 percent

lower injury rate than cars of the last 2 model years without them. There
does not appear to be any satisfactory explanation for this rather large
injury reduction, ove? a short time span, during a period in which hardly
any frontal safety devices were introduced and belt usage did not increase.
It could be an artifact of the NCSS file, since FARS did not show comparable

reductions in frontal crashes (see Table 6-3),

Nevertheless, the 21 percent reduction in frontals is still much
lower than the 55 percent effectiveness attributed to Standard 214 in side
impacts by the multidimensional contingency table analysis of NCSS (Section

7.5.3). It would appear, then, that Standard 214 18 effective in single
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TABLE 7-17

INJURY REDUCTION IN FRONTAL SINGLE VEHICLE CRASHES,

Observed injury reduction

POST VS. PRE STANDARD 214, NCSS

First 2 MY with Beams

vs. Last 2 HYV w-/o‘ them

First 5 MY with Beamg All Cars with Beams

~ vs. Last 5 MY w/o thea ve. All Cars w/o them

in frontal crashes, NCSS (X) 21 23 ' 21
Frontal injury reduction corrected

for belt usage & FMVSS (X) 21 19 15
NCSS estimate of Std. 214 -

effectiveness in gide impacts 55 24 34

(from Section 7.5.3)




vehicle side Impacts but that the 55 percent effectiveness estimate might -
be overstated -~ possibly on the order of 21 percent -~ due to a bias that

could not be pinned down in the earlier analyses.

Table 7-17 shows that cars of the first 5 model years with beams
had a 23 percent lower injury rate in frontal crashes than cars of the last
5 years without beams. Part of the injury reduction over this time span,
however, is due to the introduction of frontal safety devices and an
increase in belt usage - see Table 7~4. Belts and the other devices
reduced the frontal injury rate by just over 4 percent (assuming frontal
effectiveness for beits to be 60% [ 72 1, energy-absorbing steering columms
17% [ 44 ], and Standards 201 and 205, 8% each and based on the installation
and usage rates in Table 7-4). As a result, the frontal injury reduction
“"attributed" to Sfandard 214 on NCSS is not 23 percent but only about
19 percent. This is still lower than the 24 percent effectiveness attributed

to Standard 214 in side impacts in Section 7.5.3, but not too much lower.

The full set of cars with beams had a 21 percent lower NCSS
injury rate in singlé‘vehicle frontals than the cars without beams. The
portion of this reduction not attributed to other safety devices is about
154percent. This is considerably lower than the 34 percent effectiveness

attributed to Standard 214 in side impacts.

Thus, in all 3 cases, the reduction in side impacts is higher
than the "reduction'" in frontals and, in 2 out of 3 cases, it 1s

considerably higher.
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Table 7-18 shows the NCSS injury reductions in frdntal

multivehicle crashes, Cars of the first 2 model years with beams had

a 5 percent lower injury rate than cars‘of the last 2 years without beams.
This is a much smaller blas than in the single vehicle crashes. It is
lower than the 11 percent effectiveness attrilbuted to Standard 214 in side
impacts (Section 7.5.4). But a possible 5 percent bias is not trivial
when the effectiveness eefimate is only 11 percent. The bias 18, however,
much lower than the 34 percent effectiveness attributed to Standard 214

for nearside occupants in compartment crashes (Section 7.5.5).

Cars of fhe first 5 years with beams had a 13 percent lower frontal
injury rate thah,those of the last 5 years without beams. Correction for
N
reductions attributable to belts and other gafety devices leaves a possible
bias of 9 percent} As 1n the 2 year comparison, this is about half as
large as the effectiveness attributed to Standard 214 in side impacts (167)

and rather small compared to the effectiveness for nearside occupants in

compartment impacts (25%).

The full set of cars with beams had an 11 percent lower frontal
injury rate than the cars without beams, which after correction for other
safety devices amounts to a bias of about 5 percent. Again, this is lower |
" than the effectiveness estimate in side impacts (13%) and much lower than

the estimate for nearside occupants 1in compartment impacts (30%).

In all 3 cases, the injury '"reduction" in frontal multivehicle

crashes is about half as large as the reduction in side impacts and quite

small compared to the reduction for nearside occupants in compartment impacts.
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TABLE 7-18
INJURY REDUCTION IN FRONTAL MULTIVEHICLE CRASHES,

POST VS. PRE STANDARD 214, NCSS

First 2 MY with Beams First 5 MY with Beams All Cars with Beams

vs. Last 2 MY w/o them vs. Last MY w/o lhem vs. All Cars w/o them

Observed injury reduction

in frontal crashes, NCSS (%) 5 i3 11

Frontal injury reduction corrected

for belt usage & FPMVSS (X) 5 9 3

NCSS estimate of Std 214
effectiveness in side impacts (%) 11 16 13

(from Section 7.5.4)

NCSS estimate of Std. 214
effectiveness for nearside occupants ‘ 34 ' 25 30
in compartment impacts (2)

(from Section 7.5.5)



7.7 Life-threatening injury reduction

All the analyses in the preceding sections defined an "injured"

person as one who was hospitalized or killed. Only about a quarter to a

third of hospitalizations involve injuries that are medically life-

threatening. This section concentrates on life-threatening injuries. How |

does the effect‘of Standard 214 on them compare to its effectlon other .
hospitalizations, on the one hand, and on fatalities (Chapter 6) on the

other?

An occupant is defined to have life-threatening ("AIS 2, 4")

injury if that person was
0 ki}led; or
o had at least one AIS 7 4 injury
Persons did not have life-threatening injury if
o Their‘mbst severe injury was AIS 3 or less, or

o the AIS were unknown, but they were neither killed nor
hospitalized
About 2 percent of the NCSS cases fitted none of the above categories. They '

were considered unknowns and omitted from the analyses. : «

Table 7-19 presents the AIS 2 4 injury rates for 3 types of ) -
crashesy(single veh., multiveh., multiveh. nearside/compartment) over 3
model year ranges (i 2 years, p 5, pa all years), each. They are based

directly on tabuiations from NCSS - no multidimensional contingency table
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TABLE 7-19

AIS24 TNJURY RATES IN SIDE IMPACTS

BY STANDARD 214 COMPLIANCE, NCS$

Pre-Standard 214

Post~-Standard 214

Reduction for

N of Occ. AlSQ4| N of Occ, AISH4  |Std. 214 (X)
) IN SINGLE VEH, CRASHES

2 years after vs. 2 yrs. before 473 28 519 14 S4

5 years after vs. 5 yrs. before 990 54 | 1248 47 31

All post vs. all pre 1162 64 2041 72 36
IN MULTIVEH, CRASHES - ALl TYPES

2 years after vs., 2 yrs. before 2756 43 1 3562 52 6

5 years after vs. 5 yrs. before 4895 89 | 8137 100 32

AL post vs. all pre 6420 117 |12147 159 28
NEARSIDE OCC. IN MULTIVEH. COMPARTMENT IMPACTS

2 years after vs. 2 yrs. before 431 23 538 15 48

5 years after vs. 5 yrs. before 802 42 1278 ‘36 46

All post vs. all pre" 1206 50 11990 58 30
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analyses are performed because the injury samples are too small. The
AIS 2 4 reductions should be compared to the "preliminary" effectiveness
estimates for hospitalization reduction in Tables 7-1, 7-2 and 7-3, which

are also based on direct tabulation from NCSS.

For exaﬁple, there were 473 persons in single vehicle side
impacts of cars of the last 2 model years without beams; 28 had life-
threatening injury. There were 519 persons in cars of the first 2 model
years with beams; 14 had life-threatening injury. This 4is a 54 percent
reduction in the AIS 2 4 injury rate. It is higher than the corresponding

47 percent hospitalization reduction (in Table 7-1).

In fact, the AIS 214 reductions are in all 9 cases larger than
the corresponding hospitalization reductions. This is strong evidence that
Standard 214 may be even more effective in preventing life-threatening
injuries than agéiﬁst less severe injuries that require hospital;zation.
For example, the AIS 24 reductions in single-vehicle crashes are 54, 31
and 36 percent in thé 2, 5 and all-year comparisons, respectively - strong
evidence that Standard 214 caused an immediate reduction of life—threatening:

injury in these crashes.

It is not so clear that Standard 214 is effective in multivehicle
crashes: the‘reduction in the 2 year comparison is only 6 percent. The
reductions in the:S'and all-year compafisons, on the other hand, are much
larger (32 and 28%)but could, to a large extent, reflect vehicle age~relatedi

blases.
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For nearside occupants of cars struck in the compartment by
another vehicle, however, there was an immediate 48 percent reduction of
life-threatening injury in the 2 year comparison, which largely persisted
in the 5 and all-year comparisons (46 and 30% reductioms). For this
restricted group of letivehicle crash-involved occupants, Standard 214

does appear to be effective.

The AIS 24 reduction in NCSS appears to be higher than the

‘fatality reduction on FARS, especially in multivehicle crashes: the

fatality reduction on FARS is 23 percent in fixed-object crashes (see

: Section ;0;7 ) and zero in multivehicle crashes (éee Section 6.7). The
reason 1is ﬁhat a lafge percentage of the fatalities are head injuries
(see Sectioé 3.3.3 and [ 57 ]) which are only moderately affected by
Standard 214 in single-vehicle crashes and hardly at all in multivehicle
crashes (see Séction 10.3). By contrast, nonfatal AISY4 injuries
preponderantly occur in lower parts of the body and are significantly
~affected by St;ndard 214, especially in single~vehicle crashes and for

|
nearside occupants in compartment impacts (see Section 10.3),
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7.8 Summary : "Best" estimates of Standard 214 effectiveness

The main results of this chapter were 9 "refined" effectiveness
" estimates of Standa%d'Zla based on multivariate analyses, 3 each for single
‘vehicle side impacts, multivehicle side impacts and nearside occupants in
multivehicle compartment impacts. The 9 estimates and their confidence
bounds are displayéd in Table 7-20. '"Best' estimates of Standard 214
effectiveness are obtained for each of the 3 crash types (single, multi,

multi nearside/compartment) by:

o comﬁaring the statistical results for the 2, 5 and all

modellyear ranges (Table 7-20)

o assessing the biases that could not be eliminated in the

multivariate analysis (Section 7.4.4 and 7.4.5)

) 1ookihg at the "effects" of Standard 214 in frontal

crashes (Section 7.6)
-0 comparing the NCSS results to FARS (Section 6.7 and 10.4)

o 1ook1hg at the effeqts of Standard 214 on vehicle performance

in crashes (Chapter 9)and on specific injury types (Chapter 10)!

In single~vehicle crashes, the effectiveness estimates were 55

perceht in the 2 year comparison, 24 percent in the 5 year comparison and
- 34 percent in the all-year comparison. This is strong evidence that Standard

214 caused an immediate injury reduction, which persisted over subsequent
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SINGLE VEHICLE CRASHES

VA

Injury reduction (%)

Confidence bounds”

MULTIVEHICLE CRASHES
Injury reduction (%)

Confidence bounds

NEARSIDE OCCUPANTS IN MULTIVEHICLE
COMPARTMENT IMPACTS _
Injury reduction (%)

Confidence bounds

2

. Based on multidimensional contingency table analysis (Section 7.5)

3

.. BLE 7-20

INJURY! REDUCTION ATTRIBUTED? TO

STANDARD 214 IN SIDE IMPACTS, NCSS

First 2 MY with Beams

vs. Last 2 MY w/o them

55

36 - 71

11

-3 - 24

34

13 - 51

First 5 MY with Beams

vs., Last 5 MY w/o thenm

24

-3 - 40

7 - 24

25

10 - 38

1A person is "injured" if killed or hospitalized

By jackknife procedure with one-sided o(=.05

All Cars with Beams

‘vs. All Cars w/o them

34

20 - 44

2 - 22

30

11 - 43



model years. No obvious blases in these estim;tes were found 1in the
analysis of injury rates by model year; on the;other hand, the comparison
\with frontal crashes (Section 7.6)suggested that these results, especially
the 55 percent figure, could be overstated by as much as 20 percent. This
suggests a "ceiling" on effectiveness in the 30~35 percent range. FARS
showed an effectiveness of 14 percent in all types of single vehicle

crashes (Section 6.7) but when that figure is made comparable to NCSS -

by removing rollovers and collisions with trains -~ it rises to 23 percent (sée 10.4).

This could be considered a "floor" on the effectiveness, since all evidence -
suggests that Standard 214 would be more effective against nonfatal injuries
(which include many pelvic and leg injuries) than fatalities (which are to

a large extent head injuries).

Therefore, an effectiveness of about 25 percent serious injury

reduction, more or less midway between the above "floor" and "ceiling" would
seem reasonable to conclude for Standard 214 in single vehicle crashes. A

value of this magnitude 1s also comnsistent with the results of Chapters 9

and 10, which show that Standard 214 changes damage patterns significantly -

e.g., reducing the maximum depth of crush by about 20 percent - and was
effective against many types of injuries, for both nearside and fgrside‘

occupants, in single-vehicle crashes.

For nearside occupants in multivehicle compartment crashes -

skipping, for a moment, the totality of multivehicle crashes - the 3

statistical estimates in Table 7-20 are in extremely close agreement: 34,

25 and 30 percent. Moreover, the highest estimate is in the 2 year comparisdn,
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in which vehicle age differences are minimized. The averﬁge of the 3 estimates
is 30 percent. The comparison with frontal crashes (Section 7.6), however,
suggests that each figure may be overstated by about 5 percent. This

suggests that the best effectiveness estimate 1s about 25 percent. A value

of this magnitude is consistent with the results of Chapter 10, which show
that Standard 214 substantially reduces the leg, pelvic and (to a lesser
extent) chest injuries of nearside occupants in contacts with the side of

the passenger compartment in multivehicle compartment crashes - precisely the
benefit that Standard 214 was intended to have - and little or no reduction

of other multivehicle crash injuries. Since the above type of injury is
rarely fatal, the fact that FARS showed no fatality reduction in multivehicle
crashes is not inconsistent with a 25 percent reduction of nonfatal hospitali-

zations.

Finally, an effectiveness of about 8 percent seems reasonable for

all types of multivehicle crashes, combined. Two arguments suggest this

estimate:

(1) The effectiveness is about 25 percent for nearside occupants
in compartment crashes. They account for one-third of the hospitalizations
in multivehicle crashes (see Table 3-2 ). Since the results of Chapters 9 and 10
suggest that Standard 214 has negligibie effect on farside occupants and in
multivehicle impacts away from the compartment, the overall effectiveness
in multivehicle should be about a third of the effectiveness for the

nearside/compartment group.
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(2) $h¢.3 statistical estimates for overall effectiveness in
multivehicle crashes are in extremely close agreement: 11, 16 and 13
percent - see Table 7-20. Their average is 13 percent. The comparison
with frontal cra;hés suggests those estimates may be overstated by about

5 percent. Thus, the unbiased effectiveness estimate would appear to.be

8 percent.
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CHAPTER 8
NONSERTOUS INJURY REDUCTION FOR STANDARD 14

ANALYSFES OF TEXAS DATA

The sampling scheme for the National Crash Severity Study results
in the investigation of relat&vely small percentages of the nonserious
injury and noninjury crashes that acfually occurred. That makes NCSS
unsuitable for statistically precise estimates of injury reduction when the
injury criterion is somethlng less serious than hosbitalization. On the
other hand, police agencies 1n Texas iInvestigate over 400,000 traffic
accidents each year. Because most of the agencles make use of the TAD system
for classifying vehicle damage [827, it is easy to identify cars that were
struck in the side. 1Injuries are classified as K (fatal), A (“serious
visible injury"), B ("minor visible injury") or C("no visible injury - complaint
of pain or momentary unconsciousness'), With appropriate analysis techniques,
Texas data can be used to obtain precise estimates of the effectiveness of
Standard 214 in reducing nonserious injury rates (any type of injury; K, A, or
B injury). With less precision, the reduction of K or A level injury can be

estimated. Although "K + A injury" and "hospitalization'" are by no means

identiﬁal criteria, there is enough overlap that K + A reduction may be

considered a sort of check on the NCSS results on hospitalization.

The analyses of 1972, 74 and 77 Texas data described in this
chapter show that Standard 214 significantly reduced nonserious injuries

in multivehicle side impacts. There was also a significant reduction in

K 4+ A injuries, confirming the NCSS result that Standard 214 is effective

in’mitigating relatively serious nonfatal injuries in multivehicle crashes.
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The Texas sample of single-vehicle side impacts contained °
only about a third as many injuries as the multivehicle sample. As
a result, the observed injury reductions were not statis;ically significant,
even though they were about the same as the reductions in‘the multivehiéle

crashes,

8.1 Analysis methods

The main problem In analyzing the cffectliveness of a safety

device by means of police~reported accident data is the vehicle age efféc .

-

Tﬁ;f}ﬁ%ﬁry rate.(the number of injured persons per 100 crash involved
persons) escalaﬁés as cars get older - not only because the older cars
lack safety dévices but also, apparently, because noninjury crashes of
older cars are less frequently reported. Since the post-Standard 214
cars are newer than ﬁhe pre-standard cars, the injury rates will be lowér,

at least in part, due to the vehicle age effect.

Police data generally do not contaln enough useful potentiél
control varlables to permit removal of the age effect by multivariate |
analyses such as were used on NCSS in Section 7.5. Besides, to the
extent that the age effect is due to reporting biases, it cannot be'

removed by control variables, anyway (see Sections 7.1.4 and 7.4.5).

One approach to removing the vehicle age effect is to
minimize the ége difference between the pre and post—Standafd 214 cars %
i.e., use only cars of the last model year before beams were installed
and the first model year with beams. The combined Texas accident files for
1972, 74 and 77'conta1n a large enough sample that, even with this severé

restriction, statistically meaningful results are obtained. This is the
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approach used in Section 8,3. It was previously used, with the same yearvs
of Texas Data, in the evaluation of head restraints ([45], pp. 183-187).
Also, in Section 6.3.1 of this report, FARS cases for the single model
years before and after beam installation were successfully analyzed for

an cstimate of Standard 214 effectiveness.

Another approach is to remove the age effect analytically.
Check the injury rates over a range of vehicle ages and fina out 1f there
is a trend. The effectiveness of Standard 214 is measured by the amount
of deviation from the trend line in the year that side doof beams were
introduced. 1In other words, pcrférm a log~lincar regression on the injury
rates as fun;tion of Standard 214 compliance and vehicle ége (plus
certain other varfables). This is the approach used in Section 8.4,
Similar regressions were used in the evaluation of head restraints (451,
pp. 187-194) and in Section 6.6 of this report, on FARS-based fatality
rates per 1000 car years. A regression is feasible because, with three
nonad jacent years of Texas data and a wide range of initiai years of
beam jnstallation, there are many Standard 214 cars on the files that are
older than many pre-standard cars. In other words, vehicle age and Standard

214 compliance are largely uncorrelated independent variables.
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Crash-involved drivers from the 1972, 74 and 77 Texas
{files were sclected and prepared for analysis. Wherever possible, case
selection and definitions were identical or analogous to those used in
the analysis of FARS (see Chapter 6, especlally Section 6.2)., A detailed
desceription of the Texas {lles may be found In the evaluation of head

restraints [45], pp. 146-147 and 212-213. The following definitions were used:
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:(1) Only passenger cars from model years 1967-75 were
selected on the first pass through the data, as in thé FARS analyses of
Chapter 6.. |

“(2) Only drivers were selected. Texas police’do not
routinely indicate the presence of uninjured passengers so it is impossible
to calculaté'bassengers' injury rates., But they do keep a record of |
évery driver, injured or uninjured.

(35 Side impacts were defined according to the TAD scheme
and included codes LP, RP, LF, RF, LB, RE, LD, RD. In other words
the definition includes right-side impacts (the far side relative to
the driver) and damages that, according to police, were not necessarily
centered on ﬁhe compar tment, Rllovers with side damage (LT and RT), |
however, were excluded.

(4) Crashes were classified as "single-vehicle' or "multi-é
vehicle" uccording to the number of motor vehicles in the accident.

|

(5) As in the FARS analysis, the objective was to obtain
"comparable" samples of pre and post-standard cars and to pinpoint the
initial year of beam installation. Where possible, makes and models
were treated in the same manner as on FARS, e.g.,

o All imports except Volkswagen Beetles were deleted

(uncertain beam installation year)

o 1970 Camaros and Flrebirds, 1973 Volkswagen and most 1973

Chryslers were deleted (midyear installation)

o Vegas, (ranadas, Corvailrs, Sevilles, etc., were
excluded (no comparable pre and post-standard cars)
(6)  The year of initial beam installation was‘pinpointed,
as on FARS, and models were grouped into 7 classes accordingly (1969,

70, 70.5, 71, 72, 73, 73.5).
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(7) Dodge Charger required special treatment, as on FARS,
Moreover, Buick Skylark, Mercury Comet and Pontiac Ventura were each two
different cars during 1967-75 but represented by a single code in Texas.
They had Lo be assigned to different "initial beam installation year"

classes according to their model year.

8.3 Comparison ol injury rates - first year with beams vs.

“‘last year without them

With the definitions of the preceding section, it is possible
to select and tabulate all the drivers involved in side impact (during
1972, 74 or 77) in cars of the first full model year in which beams were
installed - e.g., 1969 Impalas, 1970 Cutlasses, 1971 Camaros and Mustangs.
It is likewise'péssib]e to tabulate drivers of comparable cars of the last
full model ycar‘before beams were installed - e.g., l968l1mpalas, 1969

Cutlasses and Camaros, 1970 Mustangs.

Table 8-1 shows the drivers' injury rates in single vehicle

side impacts. There were 5349 drivers of cars of the last model year
without beams; 13.33 percent of them were injured. There were 4721
drivers in cars of the first year with beams; 12,86 percent of them were
injured. This is a 4 percent reduction in the injury rate; the reduction
is not statistically significant (confidence bounds -4 to 12, one-sided«

= ,05).

Police are instructed to classify as level "C" those injuries
that are not visible. The category probably consists, to a large extent,
of noncontact pain injuries. (In rear impacts, where the most common

injury is whiﬁlash, the "C" category is far more frequent than in side
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TABLE 8-1
DRIVER INJURY RATES IN SINGLE-VEHICLE
SIDE IMPACTS, FIRST YEAR WITH BEAMS

VS. LAST YEAR WITHOUT THEM, TEXAS 1972, 74 AND 77

Last First Observed ,
Model Year Model Year Reduction for Confidence
without beams with Beams Std. 214 (%) Bounds*

N of side impacts 5349 4721

Percent of drivers injﬁred 13.33 12.86 4 =4 to 12
Percent with K,A, or B injury 9.46 8.60 9 ‘ -1 to 19
Percent with k or A injury 2.41 2.12 12 o -7 to 31

*One-sided &= .05
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impacts - Compare the table on p. 148 of [45] with Table 8~1.) These
injuries are unlikely to be influenced by Standard 214. When the

“"C" Injuries are cxcluded, the Injury reduction for Standard 214 in single
vehlcle crnshvs rises Lo 9 percent and comes very closé to significance
(conf idence bounds -1 to 19). Since "B" Iinjuries are defined in Texas as
"minor visible injuries," it seems possible that Standard 214 is effective

in reducing nonserious injuries in single vehicle crashes.

When the injury criterion is further restricted to X or A,
the observed redgction for Standard 214 again rises to 12 percent. Although’
this reduction&is not statistically significant (confidence bounds -7 to 31
it is statdstically compatible with the results from NCSS (25 percent

hospitalization reduction) and FARS (l4 percent fatality reduction).
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The Texas files contain a much larger sample of multivehicle
crashes than single-vehicle crashes. Table 8«2 compares driver injury
rates in cars of the last model year without beams to those of the first
year with beaqs. Although the injury reductions observed for Standard 214
are about the same as 1n single-vehicle crashes, they are all statistically

significant, because of the larger sample size.

Standard 214 reduced the overall injury rate by a significant
5 percent (confidence bounds 1 to 9). When "C" injuries are eliminated,
observed effectiveness rises substantially: the reduction of the K, A or
B injury rate is 13 percent (confidence bounds 8 to 18), clearly indicating

that Standard 214 is effective against nonserious injuries.

The reduction of K or A injuries is 18 percent (confidence bounds:
8 to 28). This significant reduction is statistically compatibie with and,"
in fact, slightly greater than the hospitalization reduction found in NCSS
(8 percent - see Chapter 7). It confirms that Standard 214 is effective inr

reducing serious nonfatal injuries in multivehicle crashes.

8.4 Regression of injury rates

In the preceding analysis, the pre-standard cars were, on the

average, one year older than the Standard 214 cars. Even a one-year difference

might create a bias which, although small in absolute terms, is not negligible

relative to the actual effectiveness of Standard 214 in reducing nonserious

Injuries.

Multiple regression of the side impact injury rates over model years

1967-75 permits removal of the vehicle age blas. In addition, the analysis
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TABLE 8-2

DRIVER INJURY RATES IN MULTIVEHICLE SIDE IMPACTS, FIRST YEAR
" WITH BEAMS VS. LAST YEAR WITHOUT THEM, TEXAS 1972, 74 and 77

Last Model Year First Model Year _Obseerd Reduction Cont 1depce.
without Beams 7 with Beams ’ for Std. 214 (%) , Bouud§f~_
N of side impacts 42,904 40,545
Percent of drivers injured 7.04 6.70 5 1 9
Percent with K, A or B injury 3.80 - 3.29 13 5 v, 18
Percent with K or A injury 0.95 0.78 18 B 2. 28

*0One-sided & = .05



helps check whether the results of Section 8.3, which were based on a narrow

range of model years, are consistent with results based on a broader sample.

The regression procedure is nearly identical to the one used witﬁ
FARS data in Seétion 6.6. The makes and models are grouped iﬁto 7 classes;
according to the model year in which beams were first installed. The injury
rates (6 in all: KABC, KAB, KA for single and multivehicle crashes) are
tabulated 1in each of these classes by model year (1967-75) and calendar year

(1972, 74 or 77).

The dependent variable is the logarithm of the injury rate. Thei
independent variaﬁlés are

BEAMS = 1 1if beam-equipped; O if not equipped

AGE = vehicle age = calendar year - model year

T70, T70.5, T71, T72, T73, T73.5 - indicating the model year in

dhich_transltion to beams was made. For example T71 = 1 for cars

which first obtained beams in 1971; 0 otherwise |

CY72, CY77 indicating calendar year. For example CY77 = 1 for

1977 éccidents; 0 otherwise

Over the 3 calendar years studied, AGE ranges from 0 - 10 for pre-standard
cars and from 0 - 8 for post—standard cars. In other words, the ranges
overlap greatly and AGE is not correlated with BEAMS in a manner that would.

invalidate the regression. The regression weight factor is

N1 = number of single-vehicle crashes
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or
‘Nz ="' number of multivehicle crashes

for the single-vehicle and multivehicle analyses, respectively.

These’regressions did not produce meaningful results. It turns
out that the injury rates for cars that got beams in later years (including
a lot of small cars) arc very silgnificantly higher than those for cars that
got beams early (mostly big cars). At the same time, the BEAMS variable is
correlated with the T variables: over the full range of model years 1967-75,
BEAMS = 1 for fhe vast majority of the cars of models that.got beams in
1969 or 70 and BEAMS = 0 for the majority of cars of models that got them
in 1973, Thus, there is a strong three-way interrelationship of BEAMS, T
and the dependent variable. (This reiationship was much weaker in the FARS
analysis, where>the dependent varilable, fatalities per 1000 car years, was
less correlated with T.) What the regression did was to take the (relatively
weak) effect of ﬁEAMS and lose it within the (strong) effect of the T variables.
As a result, lifﬁ;g or no effect was attributed to BEAMS or AGE. The

differences in injury rates was accounted for mainly by the T variables.

The remedy for this problem was to eliminate the correlation of
BEAMS with the T variables. It was accomplished by limiting the data to cars
of the last 3 model years before or first 3 model years after beams were
installed. TFor example, only 1967-72 Cutlasses and 1970-75 Pintos were used.
As a result, there were more or less similar proportions of pre~ vs. post-

standard cars in cach T group - i.e., little correlation of BEAMS with T.

The set of regressions run with the above data points produced more

plausible coefficients for BEAMS and AGE. As in Sectionm 6.6, the effectiveness
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of Standard 214 [s estimated by 1 ~ ch , where b 18 the rcgresasion
cocefftclent for BFAMS. The catimate {s significantly different from zero
if b, divided by 1ts standard deviation, 1s in the critical region of a t

distribution with the residual df of the regression,

Table 8-3 shows the effectiveness estimates generated by the
regressions. The results should be compared to those in Tables 8-1 and
8-2 (based on simple comparison of injury rates one year before and after

beam installation).

In single-vehicle crashes, the reductions in nonserious injuries

attributed to Standard 214 were virtually nil: a 2 percent increase in all
types of injuries and a 4 percent reduction of K, A or B injury. These
results raise a question whether the modest reductions observed in Table 8-1
(4 and 9 percent, respectively) are really due to Standard 214. - For K and
A injuries, on the other hand, the regression (based on 3 model years)
attributes a 16 percent reduction to Standard 214 which suggests that the
estimate in Table 8-1 (127, based on just one model year) may have been in
&rror on the low side. Of course, the difference could be due to chance

alone, since nefther reduction was statistically significant.

Thus, for single-vehicle crashes, the regression results are
congistent with the findings of Chapters 6 and 7 that Standard 214 reduces
serious injuries. But the regressions show little or no effectiveness

against minor injuries,

Tn multivehicle crashes, the effectiveness calculated by the

regresslons 1s just 1 ~ 4 percent lower than the results in Table 8-2. The
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(By

Reduction
Reduction

Reduction

TABLE 8-3

INJURY REDUCTION FOR STANDARD 214

regression of side-impact injury rates in cars bullt within 3 years
of . the beam installation year, Texas 1972, 74 and 77)

In Single-Vehicle In Multivehicle
' Crashes Crashes

of injury - any type (%) -2 ‘ 2

of K, A or B injury (%) 4 9*

of K or A tnjury (%) 16 17

. .
Statistically significant reduction (one-sided oL = ,05)
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regressions attributed to Standard 214 a significant 9 percent reduction

of K, A or B injury, a 17 perrént reduction.of K or A injury.and a 2 percené
overall injury reduction. Thus, they seem to confirm the earlier conclusioﬁ
that Standard 214 isieffective against nonsérious injuries (of the "B" typei

as well as serious nonfatal injuries.

In view of the methodological problems that were encountered in
the regressions, 1t is recommended that their results be given lower weight

than the simple year-after/year-before injury rate comparisons of Section 8.3.
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CHAPTER 9
WHY IS STANDARD 214 EFFECTIVE?

ANALYSES OF NCSS DAMACE DATA

Chapters 6, 7 and 8 presented statistical evidence that Standard
214 reduces casualties in side impact crashes but they did not explain why
the reduction takes place. The "why'" questions are addressed in Chapters
9 ana i0. Standard 214 is a requirement that pertains mainly to vehicle
structures., 1f it is effective, its effect should be discernable in the way
it causes the strucgure to respond to impact forces -i.e., in the pattern of
damage sustained by Ehe vehicle. This Chapter compares damage data from
the National CrashvSeverity Study (NCSS) for pre and post~Standard 214
cars, testing various hypotheses on why Standard 214 may have improved
structural safety. (Chapter 10 exaﬁines the types of injuries mitigated
by Standard 214 and the types of crashes where effectiveness is greatest.)

Background information on the NCSS file may be found in Section 7.1.

The NCSS damage data indicate that Standard 214 has significantly
modified structural performance in single vehicle crashes in a manner that
should improve occupant protection. To a lesser extent, it has aléo
mogified performanée;in multivehicle crashes where the impact i$ centered

on the passenger compartment.

9.1 Five hypotheses on why Standard 214 might be effective

Tn Section 4.3.1, five hypotheses on how Standard 214'might

improve structural performance in side impacts were presented. In Chapter 4,
the hypotheses were stated not as facts but as conjectures to be discussed
in the light of engineering considerations and staged test results. Here, -

they are restated as a prelude to the analysis of damage patterns in
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highway accidents:

(1) Side door beams increase a door's crush resistance and
reduce the velocity and distance that the door structure is driven into

the passenger compartment in a side impact.

(2) Beams partially deflect a striking ;bject'or vehicle
(when a longitudinal force component 1is preseﬁt) and spread out the area of
damage - thereby reducing the force levels and perhaps eveﬁ the energy
dissipated in a collision. Forces are Better transmitted to Fhe frame

and pillars.

(3) ‘The beam holds a striking vehicle down and forces it
into the struck car's sill - a structure much more crush resistant than

the door.

(4) In a fixed object collision, beams provide a hard structure

parallel to and -above the sill. They prevent the upper part of the car from

~being tipped over the sill into the striking object.

(5) ‘Beams help preserve the structural integrity of the door
and reduce stresses on door components -~ preventing door opening and

associated occupant ejections.

9.2‘ How démage data are used to test the hypotheses

The mést useful damage data on NCSS are the exterior crush
measurements that are recorded as input to the CRASH computer program for
estimating velocity changes during impacts [547. They are the most

useful because theyvare rarely unknown: missing on only 8 percent of NCSS
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side impacts. They are also relatively exact, being measured to the

nearest inch.

NCSS also contains measurements of door intrusion into the
passenger compartmént but since these are missing in over 90 percent of
the side impacts they are of little use for the type of analyses performed

in this chapter.

The exterior crush measurements consist of the following

o0 The width of the damaged area (L)

0 4-6 depth measurements, equally spaced along the

~ damaged area (C1reeeslg)

© The distance from the midpoint of the damaged area to the

| midpoint of the side of the car (D) - a positive number
indicates that the midpoint of the damage is in the
front half of the car.

Let C = max (cl,L..{cﬁ) be the maximum depth of the exterior crush.

If the maximum crush C is lower for post-Standard 214 cars than
pre-Standard cars it could mean that beams have somehow acted to reduce
intrusion - or 1£‘c591d just be due to structural features other than beams
or a reduction in crash severity fqr fost-Standard cars. In Section 9.3,
analytical procedutes'are developed (similar to those of Chapter 7) to
f}lter out the effécts of other struqtural features, etc. If, after the
filtering, C is st;ll significantly lower for Standard 214 cars, it can be
concluded that beams have reduced intrusion, but why? Any combination of
hypotheses 1-3 could be at work - an increase in door strength, a deflection
of vehicles and objects, and/or a forc;ng of the striking vehicle into the

strong sill.
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If, hbweyer, the reduction in crush depth C is accompanied by f
an increase in the width L (or if C/L is reduced more sharpl§ than C) i£
would be strong evidence for‘hypothesis (2). Wider, shallower damage pattérns
suggest that beams help deflect vehicles or objects and spread out the |

forces.

'In éingle\vehicle crashes (with fixed objects), there is neariy

always engage&enx of the object with the cars' sill. Thus, hypothesis (3);~
reduction of sill ovérride - is irrelevant in single vehicle crashes,
Furthermore, becéuse the sill, not the door, absorbs the brbn; of the impaét,
hypothesis (1) - direct increase in crush resistance due to a stronger 7
door - is only of limited relevance. Therefore, a significant reduction of
crush depth C, especially if it is accompanied by a signifiéant increase of

width L, is best explained by hypothesis (2) - deflection.

In muitithicle crashes, on the other hand, hypotheses (1) and%
(3) are potentially viable. If post-Standard cars have significantly‘lowg}
crush depth C with né appreciable change in width L and if the depth re-
duction is found‘almost exclusively for impacts centered’on therpassenger'
compartment, it may:be possible to discard hypthesis (2) - deflection - ag
a significant factor 'in Standard 214's benefits. The reduction 1o crush
depth is likely due:to increased door strength or reduced sill override.
The relative impprténce of those two factors, however, canuot bé readily
gauged from crush dgbth data alone. The NCSS cases collécted before April
{978 contain the additional damage data element needed for the analysis;
presence or absenceréf sill override in multivehicle side impacts. Theseé
vdata are analyzed in Section 9.6, resulting in an assessment of the reducgion

in sill override attributable to Standard 214 and the relative 1mportanceéof

’
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hypotheses (1) and (3).

Two othgr-damage statistics supplement the analysis of crush
depth and width and provide additional evidence for or against hypothesis
(2). Based on the damaged width L and midpoint D it is possible to
define which zone; of the car were damaged (front fender, compértment and/or
rear fender). 1f damage is less likely to be confined to the passenger
compartment on posﬁfstandard cars and more likely to extend to the fenders,
it would be additional evidence that Standard 214 helps deflect a striking
object (or vehicle) and spreads out the damage (see Section.9.6). The
principal direction of force (PDOF) 1is primarily a function of the
vehicles' speeds and directions at impact. In actual accident investigationms,
however, it is reconstructed from the available evidence, often including
vehicle damage. Shéllow, spread out damage creates the appearance that
crash forces were relatively oblique. Therefore, if post-~standard 214 cars
have significant1§ more oblique PDOF's than pre~standard cars, it could
be édditional evidence that beams aid in deflecting striking objects

(see Section 9.5).

Hypothesis. (4) - that beams help prevent a car from tipping over
into an object - is tested by checking the distribution of the 3rd letter
of the Collision Deformation Classification (vertical damage zones). A
decrease in damagés:involving the "greenhouse" region of the car (above
the belt line) could be indicative of the hypothesized effect - see

Section 9.7.

Hypothesis (5) - that beams help maintain the strurtural integrity

of doors ~ is tested in Section 9.8 by analyzing 3 data elements: the actual
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number of .- =~ 2jeciad ti:rough doors, the frequency with which a door
was opened by the iﬁpact and the frequency of damage to door components
(latghes or hinges). The latter 2 data elements were recorded only on the

pre-April 1978 NCSS cases.

9.3 Depth and width of the damaged area

The purpose of this section is to find what changes, if any, in the
maximum absolutelcruSh depth (C), the width of the damaged area (L)

and the relative depth (C/L) occured in side impacts as a result of

Standard 214.

9.3.1 Analysis technique

An initial approach to the analysis of the effect of Standard 214
on crush parameters might be to calculate the average values of C,L, and c/L
for all pre-standard 214 cars on NCSS and compare them to the average for

post-standard cars. This approach would have 3 shortcomings:

o An observed reduction in crush might not be entirely due to
Standard 214. The pre-standard cars are older than the post-standard
cars, s0 they might have had more severe crashes and, for that reason, they

had more crush.

0 Similarly, the reduction might be due to structural fea:ures»
(such as B-pillars, frames, etc.) other than those installed in responsé

to Standard 214.

0 The,ordinary arithmetic average 1s not a good measure of
central tendency of the distribution of crush. The average is unduly

affected by the presence (or absense) on NCSS of a few freak accidents with
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extreme. crush (i.e., the distribution of crush is skewed to the right)

As a femedy to the first shortcoming - biases due to vehicle
age differences - each analysis will be performed for three ranges of

vehicle age:

(1) Cars of the first two model years with beams vs. cars of the

last twb model years without them
" (2) First five model years with beams vs. last five without them

..(3) All cars with beams vs. all cars without them.
1f the differences in damage patterns for pre and'post-standard 214 cars
are consistent across the 3 analyses, it would support a conjecture that the
difference is due to Standard 214. 1If a difference appears only in the
second or third comparison, it might be due more to vehicle age-related
biases than Standard 214. This approach was used in the NCSS analyses of

injury reduction (Chapter 7) and is described in detail in Section 7.2.

The second shortcoming - biases due to structural modifications
other than Standard 214 - suggests a need for some sort of multivariate
analysis: finding the effect of Standard 214 on crush while controlling
for the éffects of B-pillars, number of doors, etc. The dependent variables,
C, L and C/L are all continuous variables, which raises a hope of using
multiple regression, a much less complicated technique than the mﬁlti-
dimensional contingency table analysis that was used with the injury rates
in Section 7.5. The distributions of the raw values of the dependent
variables.‘however, are too badly skewed to the right for meaningful

regressions. First, the variables have to be transformed to normal
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varlates. This is accomplished as follows:

Rank d%der all the values of C on the NCSS side impact file.
For the ith observgtinn on the NCSS file, let
' Ci’=PROBIT (rank Ci/N)

where N is the total number of (unweighted) side-impacted vehicles on
NCSS with known C and PROBIT is the inverse of the cumulative unit normal
distribution. For example, since the 90th percentile of C is 25 inches,
the value of C' éofrgsponding to C=25 is C'=1.28, which 1s the 90th
percentile of thé;unit normal distribution (see Table 9-1). L and C/L

are similarly transformed to L' and (C/L)',

The nérmal variates C', L' and (C/L)' are suvitable dependent
variables for multiple regression. Moreover, the averages of these variables,
for any partidular group of NCSS cases, are excellent measures of central
tendenc& which can be readily transformed back to raw crush measurements
by applying fhe inverse of the preceding transformation. For example, sincé
the average vaIue’of C' in post-standard cars in single vehicle crashes
is -.622 and since C'= -,.622 corresponds to C = 7.5 inches, the maximum crush

depth of post-stapdard cars in single-vehicle crashes "averages" 7.5 inches.

Table 9-1 shows selected percentiles of the distributions of C,
L and C/L. 1t is easy to see that they are badly skewed to the right,

especially C and C/L.

The transformation of the damage statistics to normal variates,

needed for successful regression, also remedies the third .shortcoming

described above - it provides a statistically robust measure of central
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tendency, one that is not affected by a handful of extremely severe accidents.

The independent variables in the regression and'their values are:

o Standard 214 compliance (0 if no, 1 if yes, deiete case if
unknown)

o Frame/unitized (1 if body and frame, O otherwise)

o B pillar (0 if genuine hardtop, 1 if pillared, 0.5 if unknown)

o N of doors (2 if two—dpor,‘é if four-door, 3 if unknown)

o Rural/urban (1 if rural, 2 if urban)

o Vehicle weight (in hundreds of pounds)

The derivation of the variables from NCSS is described in
Sections 7.1.2, 2}5.2 and Appendix D. Each side-impacted vehicle on
NCSS constitutes a case and each case is weighted by the inverse

sampling fractions.

The regfessions are performed for each of 3 dependent variables
c', L' and (C/L)', for each of 3 age ranges ( + 2 years, +5 years, all

cases) and for each of 4 crash types:

o single vehicle crashes
o siﬁgle vehicle crashes with impact centered on the compartment
o multivehicle crashes
o multivehicle crashes with damage centered onvthe compartment
Damage is "centéred" on the compartment if the midpoint of the damage D
is between 15 inches behind and 45 inches in front of the'ﬁidpoint

of the car (see Section 7.1.1). Thus, a total of 36 regressions are performed.

The "average' value of C, for pre-standard cars, is the inverse
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TABLE 9-1
PERCENTILES OF UNIT NORMAL DISTRIBUTION AND
OF ChUSH DEPTH (C), WIDTH OF DAMAGED AREA (L)
AND RELATIVE CRUSH DEPTH (C/L) IN SIDE IMPACTS,

UNWEIGHTED NCSS

Values

Percentile Unit Normal o L c/L
1 . =2.33 1.7 inches 9 inches .017
5 : -1.65 3.3 18 .043
10 : -1.28 ‘.6 26 . 064
20 ‘ -0.85 6.4 36 .095
30 i.- -0.52 , 8.0 46 .125
40 | -0.25 9.6 54.7 .154
50 - 0 11.3 63 .185
60 - 0.25 | 13.4 72 .233
70 - 0.52 15.9 81 .292
80 . 0.85 19.4 94 ©.385

90 - 1.28 7 25 116 .57

95 ‘ 1.65 31 143 .84

99 .33 44 202 1.8
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transform of C' predicted by the regression when Standard 214 compliance
is set to O and all other independent variables are set to their average
value for pre and post-standard cars, combined. The "aver;ge" value of

C for post-standard is the inverse transform of C' predicted ;hen Standard
214 compliance is set to 1 and the other independent variables are set to

the same values as above. Thus, also, for L and L/C.

Finally, a regression attributes a significant effect to Standard

214 if the regresgion coefficient for Standard 214 compliarice, divided

by its standard deviation, 1s within the critical range of a t distribution

with residual df of the regression.

9.3.2 Damage in single-vehicle crashes

Table 9-2 clearly shows that Standard 214 made crash damage
shallower in single vehicle crashes and spread it over a wider .area.
In cars of the last 2 model years before beams were installed, the
deepest penetration (C) averaged 11 inches. In cars of the first 2 model
years with beams; it was only 9 inches., This reduction perSisced even after
regressionlwas used to control for other differences in the structural
features of theltwo groups of cars, While crush depth was reduced by
2 inches, the width of the damaged area (L) increased by 10 inches, from
40 to 50. The ;eiafive crush depth, C/L, indicates how much damage
patterns chahged; in the pre-standard cars the depth of the damage was,
on the average, 26‘percent of the width; in post-standard cars, just 18

percent.
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TABLE 9-2
EXTENT OF DAMAGE IN SINGLE-VEHICLE S1DE IMPACTS,

'BY STANDARD 214 COMPLIANCE, NCSS

Average Damage

Without Regression With Regression**
Pre 214 Post 214 Pre 214 Post 214
First 2 MY with beams '
vs. last 2 MY w/o them
Maximum crush depth-inches (C) 11 9 11 9
Width of damage-inﬁhes » 40 50 40 50%
Relative depth (C/L) .28 .17 .26 .18%,
First 5 MY with beans
vs. last 5 My w/o:them
Maximum crush depth—inches (C) 10 7 1C 7%
Width of damage-inches (L) “h 53 b 53
Relative depth (C/L) .24 .14 .23 . 15%
All cars with beams
vs. all cars without them
Maximum crush depth-inches (C) 10 8 10 Bf
Width of damage-inches (L) 43 51 45 50
Relative depth (C/L) .26 .16 .23 .16™

| *Regression attributes significant change to Standard 214

**Controlling for frame/unitized, B-pillar, N of doors, rural/urban andr
vehicle weight —
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The abpye changes are based only on cars of the 2 model years
befoge and afﬁer beam installation. Extending the data set tb include
addi;ional model years pave nearly identical results. For example,
when cars of the first 5 years with beams were compared to the last 5
years without them, crush depth was reduced by 3 inches while width increased
by 9 inches, The average value of C/L dropped from 23 percent to 15 percent.
When the data set was further extended to include all modei.years, the

regressions model cgain attributed nearly the same changes to Standard 214.

The invariance of the results across pre-standard model years and
a similar invarianée across post-standard model years, together with the
abrupt change that took place at the time when beams were installed, is
evidence that the thange in damage patterns is an effect of Standard
214 and not the result of a long-term vehicle age-related ﬁrend toward

more oblique impacts.

In 7 of the 9 regressions, the effect attributed to Standard 214

was statistically significant.

The longer, shallower damage patterns are evidence that Standard
214 hélps a vehicle partially deflect or scrape by a fixed object. What
are the implications for the occupants' safety? The numbers in Table 9-2

provide some ideas.

Since the damaged area has beccme longer, the post-standard

car has, on the average, a longer duration of contact with the fixed object
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than the pre~standard car. At the same time, the depth of crush - and thé
amount of door intrusion - has decreased. If the door is pushed in a
shorter distance over a longer time period, the velocity of'door intrusion
into the compartment will be decreased twofold - and velocity of door
intrusion is widely thought to be”a'critical factor in determining the
severity of chest, pelvis and leg injuries of the occupant seated adjacenﬁ

to the door.

But the benefits are not necessarily limited to tﬁe nearside
occupant. As stated above, the duration of contact with the fixed object;
is longer. Evéﬁ if the overall velocity change (or energy dissipation) |
were the same for pre and post-standard cars, the deceleration would be
smaller for the latter, since the velocity change takes place over a longér

time. The reduction in deceleration is beneficial to all occupants,

Moreover, the velocity change is not necessarily the same for
pre and post-standard cars. Intuitively, the post-standard car "scrapes%
by" a fixed object'and may keep on moving, in the same direction, at a
higher speed than,tﬁe pre-standard car which "hangs up'" on the object
- i.e., ;he velodity change is lesé. The numbers in Table 9—2 confirm this
effect. ‘The amount of energy dissipated in the collision (assuming the éixed
object is rigidjaﬁd dissipates no energy) should be roughly proportionalg
to CZL, since a car resembles an inelastic spring with regard to crush
resiscancg. (tt“;s also assumed that in a fixed object collision, wherei
much of the energy ﬁs absorbed in the sill, beams do not substantially |

increase overall crush resistance.) Based on the average values of C and L
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in Table 9-2, €2 L is 20-30 percent lower for post~standard.c¢ars.

Thusvit‘i; possible that Standard 214 has reduced a car's velocity
change in single vehicle side impacts. Since, as noted above, the velocity
change takes place'over a longer contact period, there would be a twofold
reduction of acceleration. The reduction in a car's overall Delta V
and g's should benéfit all occupants and might reduce the risk of many kinds
of injuries - including head lesions and injuries due to contacts

other than the car's side surfaces.

Table 9-3 shows the effect of Standard 214 on damage patterns
in single vehic1e cfashes where the damage was centered on the occupant
compartment. An important caveat for this table 1s that thé'pre and post-
standard cases are.ﬁot directly comparable because Standard 214 tends to
spread damage to the rear fender areas and move the midpoint of the damage
out of the compartment area (see Section 9.4). Thus the post-standard
cars in Table 9-3 méy have been involved in more severe crashes than the

pre-standard cars,

The purpose of Table 9-3 is to check whether the effect of
Standard 214 is limited to crashes with damage centered on the compartment.
Almost half of the side impacts are centered on the compartment (see
Table 9-6). Thus,:if the effects in Table 9-3 were generally_doublé the
effects in Table 9-2 (all single vehicle side impacts) it wouid imply that
Standard 214 had negligible effect on damage in crashes not centered on

the compartment,

295



TABLE 9-3
EXTENT OF DAMAGE IN SINGLE-VEHICLE SiDE IMPACTS CENTLRED

ON THE OCCUPANT COMPARTMENT, BY STANDARD 214 COMPLIANCE, NCSS

Average Damage

Without Regression With Regression*?

Pre 214  Post 214  Pre 214 Post 214
First 2 MY with beans :
vs. last 2 MY w/o ;hem
Maximum crush depfh—inches (C) 12 10 11 11
Width of damage-inches (L) 41 66 46 61?
Relative depth (C/L) . .29 .17 .25 .12
First 5 MY with beams
vs. last 5 MY w/o them .
Maximum crush depth-inches (C) 11 9 11 9*
Width of damage-inches (L) 47 67 46 66"
Relative depth (C/L) .25 .16 .25 5%
All cars with bea@s
vs. all cars without them E
Maximum crush depth-inches (C) 10 8 11 8*
Width of damage-inches (L) 48 66 49 65:
Relative depth (C/L) .23 .15 .24 .15

*Regression attributes significant change to Standard 214

**Controlling for frame/unitized, B-pillar, N of doors, rural/urban and
vehicle weight :
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In faﬁt, the effects in Table 9-3 are only a little bit larger than
those in Table 9-2., For example, in impacts centered on the.passenger
comp?rtment, C/L is, on the average, 9 or 10 percentage poiﬁts lower in
post-standard ghan in pre-standard cars. In all side impacts (Table 9-2),
it is 7 or 8 pefcentage points lower. Standard 214 reduced crush depth
by about 2 inches in compartment impacts, which is the same as in Table
9-2, It increased the width of damage by about 15 inches, whiéh is 50
percent more than in Table 9-2, The effect in compartment impacts was not
twice as large as the effect in all types of crashes. It is concluded
(subject to the caveat mentioned above) that the benefits‘of Standard 214 in
sinyle vehicle crashes are not limited to crashes centered on the compartment.
The standard appears to be partially effective in deflecting objects in

impacts whose damage envelope has less than 50 percent overlap with the

.

compartment . lt'js even possible (although unproven by the_analyses
shown here) that the standard has some benefit in impacts with little or
no comﬁartment overlap: the beam may act as a box girder which adds to
the longitudinal stfength of a vehicle and, in an oblique front fender

impact, may help the fender deflect an object.

The damage patterns in single vehicle crashes are consistent with

the findings of‘Chapters 6, 7 and 10, viz., that the casualty-reducing
benefits of Standard 214 in single vehicle crashes are not limited to near-
side occupants, hor‘to injuries involving contact with the adjacent

vehicle side stfuéture, nor to crashes with damage centered on the

occupant compartment,
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9.3.3 Damage in multivehicle crashes

Table 9-4 clearly shows that Standard 214 reduced the depth of
crush in multivehicle crashes. Pre-standard cars had anLaverage of 10
inchbs crush, regardless of what model years were included in the
comparison. Post-standard éars had an average of 9 inches crush, in all
model year groups, The reduction of crush depth was statistically signifi-

cant in each regression: the 2 year, 5 yeaf and all-year comparisons.

It is unclear from Table 9-4, however, whether Standard 214
had any effect on t£e width of the damaged area, In the 2 year comparison,
average width increased by 4 inches, from 56 to 60 inches, a statistically
significant difference (although considerably smaller than the 10 inch
increase in single vehicle crashes). The effect, however, does not persist
over wider ranges of model years. In the 5 year comparisbn, L increased
by 2 inches for‘pGSt»standard cars; in the all-yeaf comparison, by only
1 inch; neither of.them are statistically significant changes. Moreover,
the average value of C/L decreased in all 3 cowmparisons from .18 to .16,

which is proportionately the same as the reduction C from 10 to 9 inches.

Table 9-5, which is limited to multivehicle impacts centered on the
passenger comparthent, clarifies the effects of Standard 214. There, in
the 5-year and all-yeat comparisons, L is exactly the same before and after
Standard 214. In the 2 year comparison, L is actually 2 inches lower for
the post-standard cars (not a statistically significant change). Based on
tlie evidence in Tnbles 9-4 and 9~5, combined, it may be concluaed that
Standard 214 had 1if£1e or no effect on the width of the damaged area in multi-

vehicle crashes (The conclusion will be further supported by the data in

Sections 9.4 and 9.5). Thus, Standard 214 does not appear to be effective
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TABLE 9-4

EXTENT OF DAMAGE IN MULTIVEHICLE S1DE IMPACTS,

BY STANDARD 214 COMPLIANCE, NCSS

First 2 MY with béams

vs. last 2 MY w/o them

Maximum crush depth-inches (C)
Width of damage-inches (L)

Relative depth (C/L)

First 5 MY with beams

ve. last 5 MY w/o them
Maximum crush depth-inches (C)
Width of damage-inches (L)

Relative depth (C/L)

All cars with beams

vs. éll cars without them
Maximum crush depth-inches (C)
Width of damage¥inéhes L)

Relative depth (C/L)

Pre 214

10

55

.19

10

56

.18

10

56

.18

Average Damage

Without Regression

Post 214

61

015

59

.16

59

.16

With Regressionk*

Pre 214

10
56

018

10
56

.18

10
57

.18

*Regression attributes significant change to Standard 214

Post 214

.60

.16*

58

ll6

**Controlling for frame/unitized, B-pillar, N of doors, rural/urban and

vehicle weight



in partially deflecting a striking vehicle.

t Table 9-5 clearly shows that Standard 214 reduced the average
crush depth by 2 inéhes in crashes centered on the compartment - in all
3 comparisons, ;Ee reduction was 2 inches and it was statistically significant.
The reduction of C in compartment crashes is exactly dOublé the overall
reduction shown in Table 9-4. Since about one third of the crashes are
centered on the compartment (see Table 9-7) it may be concluded that
Standard 214 reducéd crush depth in the other crashes by only a half inch, -

-—1n

! 2
i.e.,Tx2" +5 x2" = 1 inch overall average reduction.

Thus, the effect of Standard 214 in multivehicle crashes is
limited to reducing the depth of crush and that, primarily, in compartment
crashes. What are the implications for occupant safety? A reduction of
crush - and door intrusion - in compartment crashes, with all other factors:
equal, should result in a reduction of the velocity with which the intruding
door and the adjacent occupant contact one another. The nearside occupant'é
chest, pelvic and leg injuries due to contact with the side interior surface

should be decreased in severity - in compartment crashes,

Since tﬁe overall duration of the impact, the amount of energy
absorbed, etc., are not significantly affected, it is unreasonable to expegt
significant benefits for farside occupants or for injuries not involving
contact with side surfaces, especially head injuries. Also, significant

benefits should nq£ be expected in crashes not centered on the compartment.
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TABLE 9-5
EXTENT OF DAMAGE IN MULTIVEHICLE SIDE IMPACTS CENTERED ON THE

OCCUPANT COMPARTMENT, BY STANDARD 214 COMPLIANCE, NCSS

Average Damage

Without Regression With Regression#*
Pre 214~ Post 214 Pre 214 Post 214
First 2 MY with beans '
vs. last 2 MY w/o them
Maximum crush depth=inches (C) 11 9 11 g*
Width of damage-inches (L) | 75 73 75 73
Relative depth (C/L) . .14 .13 1S .13
First 5 MY with beaws
ve. last 5 MY w/o them
Maximum crush depth-~inches (C) 10 8 10 8*
Width of damage~inches (L) 54 54 54 54
Relative depth (C/L) 15 .13 15 .13*
All cars with beams
vs. all cars‘withoutlphem
Maximum crush depth-inches (C) 10 8 Y h
Width of damage-inches (L) 53 o4 53 33
Relative depth (C/L). .15 .12 .15 2%

*Regression attributes significant change to Standard 214

**Controlling for frame/unitized, B-pillar, N of doors, rurslfurban and
vehicle weight
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These are precisely the findings of the injury-reduction analyaeé

of Chapters 6, .7 and 10,

It rehaiﬁs to be determined why Standard 214 reduced crush depth:
in compartment crashes. Is it more a direct consequence of the crush
resistance added-by beams (hypothesis 1) or does it occur mainly because
beams help prevent sill override (hypothesis 3)7 The question is analyzedf

in Section 9.6,

9.4 Occupant compartment versus fender damage

Table 9-6 shows which zomes of the car were danaged in single
vehicle side impacts, The car has been divided into 2 zones: the "occupaﬁt
compartment," Qﬁichlis defined to extend from 45 inches in front of the 7
_midpoint of the car to 15 inches behind it; and the "fenders," which
comprise the remainder of the car. Note that this definition does not
correspond precisely to the actual door and fender regioné of individual
cars, but it does Have the advantage of being consistent across the Vehicleé
fleet. (The specific dimensions of the "compartment' zone are based on
me. surements of actual cars and fully encompass the front door area of a

large 2 door car.)

Based on the 2 damage zones, 3 types of damage are distinguished

in Table 9-6:

o Damage confined to the fender zone
o Some compartment damage, but midpoint of the damage is in
the fender zone

o Damage centered on the compartment
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TABLE 9-6

OCCUPANT COMPARTMENT VS FENDER DAMAGE

IN SINGLE-VEHICLE SIDE IMPACTS, BY STANDARD

Vehicle Age Range
Last 2 MY w/o beams
First 2 MY w beams'

Last 5 MY w/o beams

First 5 MY w beams

All cars without beadns

All cars with beams

214 COMPLIANCE

Percent of Damaged Vehicles with

Some Compartment Damage

Fender
Damage Centéred on Centered on
Only Fenders Compartment
6 31 63
34 26 40
26 24 50
34 28 38
28 24 48
35 26 39
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Table 9-6 shows that Standard 214 clearly reduced the incidence of
damage concentrated on the compartment. Whereas 63 percent of the crash-involved
cars of the last 2 model years without beams had damage centered on the
compartment , on1y=40.percent of cars of the first 2 model years with
beams did so. This effect persisted (although to a lesser extent)
when the sample was éxtended to include additional model years: in the
5 year comparison, Standard 214 reduced compartment-centered damage from
50 to 38 percent of the vehicles; in the full NCSS, from 48 to 39 percent.

;

The reducinn in compartment centered damage is apparently
offset by gains in both of the other damage categories. The percent of cars
with only fender damage increased substantially in all 3 comparisons. Thg
. percent of cars with some compartment damage, but centered on the fenders,
increased in the twé‘comparisons which involved relatively large samples

(i.e., the S—yeaf and all-year comparisons).

The observed data are consistent with the following explanations:

(a) When the impact with a fixed object is mainly directed at
the compartment, Standard 214 helps deflect the object and spread out the
damage to the fender areas, possibly moving the center of the damaged

area to a point outside the compartment.

(b) When the impact with a fixed object is mainly directed at the
fender, Standard 214 may help prevent the damage from spreading to the door
area - by increasing the longitudinal strength of the door structure

and halting the damage before the A pillar.

(c) Standard 214 reduces the need for towing in impacts aimed

at the compartment - thus, the reduction of these crashes relative to others
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on NCSS is an artifact due to NCSS being a towaway file (see Section 7.4.7).

Explanations (a) and (b), if valid, would have benefits for occupant

safety. Explanation (a) is merely a restatement of hypothesis (2) of
Section 9.1 ~ that beams help deflect objects - and a reaffirmation of the
findings on the width of the damaged area (Section 9.3.2). Explanation
(b) indicates an additional benefit of Standard 214 that was not evident
from the analysis of crush width and depth and an additional reason why
the benefits of Standard 214 in single vehicle crashes are not necessarily

limited to impacts directly aimed at the compartment.

Explanation (c), if valid, would indicate that the results in
Table 9-6 are biased and not necessarily indicative of benefits for Standard
214. The analyses of Section 7.4.7, in which the towaway involvement
rates in side and frontal impacts are compared, do not suggest that Standard

214 has substantially reduced the need for towing in single-vehicle side

impacts, so they do not support explanation (c).

Table 9-7 shows the zones of the car that were damaged in
multivehicle crashes. 1In all 3 comparisons, the damage distribution for
pre- and post-standard cars are virtually identical and certainly do not

indicate a shift of damage from the compartment to the fenders. This
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TABLE 9-7

OCCUPANT COMPARTMENT VS. FENDER DAMAGE IN MULTIVEHICLE
"~ SIDE IMPACTS, BY STANDARD 214 COMPLIANCE

Vehicle Age Range Percent of Damaged Vehicles with
Fender Some Compartment Damage
Damage o :
Only Centered on Centered on
Fenders : Compartment
Last 2 MY w/o beams. 37 : 32 31
First 2 MY w. beams . 33 36 31
Last 5 MY w/o beams 36 33 ' 31
First 5 MY w. beams 34 34 32
All cars without beams 37 32 3I

All cars with beams 33 33 34
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confirms the conclusion of the analysis of crush depth and width
(Section 9.3.3), viz., that Standard 214 is not effective in deflecting

a striking vehicle.

9.5 Principal direction of force

NCSS investigators must reconstruct the accident based on the
evidence that remains after the fact. One of their tasks ;s to estimate the
principal direction of force (PDOF) experienced by each vehicle. A car's
damage 1s one of the most important pleces of evidence indicating the
direction from which the car was struck. In a side impact, wide shallow
damage could be interpreted to indicate an oblique direction of force while
concentrated damage has the appearance of perpendicular force. If post-Standard
214 cars on NCSS haye significantly different PDOF distributions than pre-~
standard cars, it could be a result of the way damage patterns are interpreted
by the investigators, rather than an actual change in vehicle alignments at
impact. A shif£ toward more oblique estimates of PDOF, then, could be
additional evidenée‘that Standard 214 is effective in deflécting objects or

vehicles and spreading out the damage - hypothesis (2).

The PDOF's on NCSS are estimated to the nearest 30 degrees, using
the scheme of a clock, with 12:00 representing purely frontal force [12].
The objective of the present analysis, however, is only to measure whether

PDOF is perpendicular or oblique - without distinguishing right from left or
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front from rear.. Thus, the o'clock PDOF's are transformed to an angle of

0, 30, 60 or 90 degrees as follows:
0 perpendicﬁlar PDOF's of 3:00 or 9:00 are transformed to 90°
o axial éDOF's of 12:00 or 6:00 to 0°
o 2:00, 4:00, 8:00 and 10:00 to 60°
o 1:00, 5:00, 7:00 and 11:00 to 30°
Next,'the angle value of PDOF, as defined above, is used as the
dependent vari;ble‘in regressions similar to those performed.in Section 9.3 -

i.e., with Standard 214 compliance and other structural features as the

independent variables.

Table 9-8 shows the regression results for single-vehicle crashes. .., ...

Obviously, Standard 214 caused an immediate and significant shift toward mofe
"oblique" crashes on NCSS. For example, cars of the last 2 model years before
beams were installed had an average PDOF of 63 degrees from axial. Cars of
the first 2 moaellyears with beams had an average PDOF of 54 degrees from
axial. This 1s a significant shift of 9 degrees towards more oblique crashés.
There were virtually identical shifts in the 5-~year and all-year comparisoné.
Table 9-~8 shows no long-term trend in PDOF whatsoever, except for the

abrupt change whgn beams were installed. It must be concluded that the
change in estim;ted PDOF's 1s not a result of changes in the direction of
vehicle motion immediately prior to impact, but an effect of Standard 214 -
most likely, thgt the shallower damage patterns due to Standard 214 gave

the appearance that a more oblique crash had taken place.
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TABLE 9-8

PRINCTPAL DIRECTION OF FORCE, AS RECORDED BY NCSS
TNVESTICGATORS, TN SINGLE-VEHICLE SIDE IMPACTS, BY
STANDARD 214 COMPLIANCE

Vehicle ' All Single-Vehicle Compartment-Centered
» Crashes Crashes
Age
Averg%e Change for Avera&é Change for
Range '~ PDOF std. 214 ~ PDOF¥ std. 214
Last 2 MY w/o beams 63° -9* 632 ‘ -17*
First 2 MY w. beams 540 46
‘ o % o *
Last 5 MY w/o beams 58 -9 61 -11
First 5 MY w. beams 49° 50°
0 * o *
All cars without beams 58 -8 587 -11
All cars with beams 5Q° 47°

*Regression attributes significant change to Standard 214

7\‘*900
00

perpendicular to struck vehicle

parallel to struck vehicle

Based on regression, with frame/unitized, B pillar, N of doors,
rural/urban and vehicle weight as control variables

[
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Table 9-8 also shows that the effect of Standard 214 in single
vehicle crashes centered on the compartment were especially sﬁrong, with

PDOF changes of 11-17 degrees, as compared to 8-9 degrees overall.

The changes in PDOF in single-vehicle crashes are consistent with
the changes in éruéh depth and width and provide additional confirmation of
hypothesis (2) - that Standard 214 helps a car deflect or scrape by a fixed

object.

By contrast, Table 9-9 shows that Standard 214 has 1little or no

effect on PDOF in multivehicle crashes. The 2 and 5 year comparisons both

indicate a noﬁsignificant 1 degree shift toward more oblique PDOF (as
compared to the significant 9 degree shift in the single-vehicle crashes);
The all-year compérison shows a 2 degree shift which is significant, although
small in absolute terms. This shift may be due to vehicle age-related
changes in the distribution of crash alignments rather than Standard 214,

since it is not confirmed by the 2 and 5 year comparisons.

The results for multivehicle crashes centered on the occupant
compartment are no different. Specifically, no change in PDOF was found in

in the 2 year cbmpapison.

In multivehicle crashes, too, the results on PDOF are consistent:
with the findings on crush depth and width: they support a conclusion that

Standard 214 does little or nothing to help a car deflect a striking vehicle.

9.6 5111 override in multivehicle crashes

In a multivehicle crash, the striking vehicle is said to "override

the sill" if its frontal structure contacts the door but fails to engage the
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TABLE 9-9

PRINCIPAL DIRECTION OF FORCE, AS RECORDED BY NCSS INVESTIGATORS,
IN MULTIVEHICLE SIDE IMPACTS, BY STANDARD 214 COMPLIANCE

Vehicle , All Multivehicle Compartment—Centered
Crashes Crashes
Age
Avera§e Change for Average Change for

Range , PDOF™ Std. 214 PDOF** Std. 214
Last 2 MY w/o beams 552 -1 553 none
First 2 MY w. beams 54 55
Last 5 MY w/o beams 56° -1 552 -2
First 5 MY w. beams 55° 53"

* %*

All cars without beams 56° -2 540 . -3
All cars with beams 54° 51°

. .
cRegression attributes significant change to Standard 214

i

*%qn0
980

perpendicular to struck vehicle

parallel to struck vehicle

Based on regression, with frame/unitized, B pillar, N of doors,
rural/urban and vehicle weight as control variables

it
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811l in a significant way. Sill override is widely mentioned as a
contributing factor to intrusion and nearside occupant injury (see Section
3.2.2). Hedeen reported that tests of the CM side door beam showed that

it forced the striking vehicle downwards and enhanced contact with the

s111 [39]. 1f the same phenomenon occurred in highway accidents, it

would be a significant factor in why Standard 214 reduces injuries of near-
side occupants in multivehicle compartment impacts - hypothesis (3) in |

Section 9.1.

The presence (or absence) of sill override was recorded in NCSS
cases prior to Ap;il 1978 (about 55 percent of the NCSS file). Table 9-10
shows the incidence of sill override in the unweighted NCSS cases (unweighted
cases are used for this analysis because the results are much more statisti-
cally reliable, ‘despite some bias). Cars of the first 2 model years with
béams had a 41 percent lower incidence of sill override than cars of the
last 2 years with beams. The reduction is statistically significant. This
very large reduc;ion did not persist when the sample was extended to cover a
wider range of modei years. In the 5 year comparison, the post-standard
cars had 25 percent fewer s1ll overrides. Nevertheless, this 1s still a
significant reduction. 1In the all-year comparison, the reduction dropped to;
18 percent, whigh was not significant but came extremely close to significance

(z = 1.63).

Based on the evidence in Table 9-10, it is not certain that
Standard 214 reduced sill override, but it is very likely. Based on the
2, 5 and all year comparisons, it would appear likely that Standard 214

may have reduced sill override by about 20 percent.
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Wwhat are the implications for occupant safety? To gauge the

benefits of a 20 percent reduction in sill override, it is necessary to

know

o what percentage of all multivehicle side impacts involved

811l override

o what are the benefits (in terms of reduced crush depth)

of preventing sill override

The 585 unweighted NCSS cases and 103 sill overrides of pre-
Standard 214 cars (next to last line of Table 9-10), when weighted by
their inverse sampling fractions, correspond to 2541 vehicles and 337

8111 overrides. Thus, 13 percent of the pre~standard cars had sill override.

The amount of intrusion avoided by engaging the sill may be
estimated from crash test results: Hollowell and Pavlick reported that
intrusion was reduced by 5 inches (from 16 to 11) as a result of lowering

‘the striking car's bumper to force sill engagement [41].. Kitamura,
Watanabe and Météushita reported similar findings (see [48] and Section
4.4.4), The crash tests in these gtudies were about as severe as the

average NCSS collision.

In other words, Standard 214 may reduce the likelihood of sill
override by 20 pércent. It has been occurring in 13 percent of side
impacts. When it occurred, it increased crush depth by 5 inches. Thus

the net benefit per car of Standard 214 1is

average crush reduction = .20 x .13 x 5 inches = 0.13 inch
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TABLE 9-10

STLL OVERRIDE IN MULTIVEHICLE SIDE IMPACTS, BY STANDARD 214
COMPLIANCE, UNWEIGHTED NCSS, PRE-APRIL 1978 -

Vehicle
Age
Unweighted n Car with Reduction for

Range of Cars Sill Override Standard 214 (%)
Last 2 MY w/o beams 242 51 Al
First 2 MY w. beams 282 35

' *

Last 5 MY w/o beams 424 85 25
First 5 MY w. beams 651 98
All cars without beams 585 103 : 18
All cars with heams 966 140

*signzlf!czmt reduction for Standard 214 (= .05)
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Now, in Table 9-4, it was shown that the overall crush depth
reduction attributable to Standard 214 in multivehicle crashes was 1 inch.
The results of this Section are that the crush depth reduction due to

s8ill override pre#éntion may be 0.13 inch. This is only a small fraction

of the overall reduction. A much larger portion (viz., 0.87 inches) should
be attributed to other causes - i.e., a direct increase of doors' crush

resistance.

The results of this section suggest that hypotheses (1) and (3)
are both true for multivehicle craghes, but hypothesis (1) 1s much more
important. These results are consigtent with the findings of Chapters 6, 7
and 10, 1.e., that the effectiveness of Standard 214 in muitivehicle crashes
is limited to nonfatal 1njuriés, due to contact with side structures, for
nearside occupants in compartment impacts. Specifically, they are consistent
with the finding that fatalities were not reduced: it appears that the
primary reason for Standard 214 effectiveness in multivehicle crashes is
hypothesis (1) - beams directly improve crush resistance. The improvement
is probably quité limited in really severe crashes of the type likely to
result in fatalitieg. Moreover, as noted in Section 7.8 and 10.2.3, the
type oH multivehiclé crash injuries that Standard 214 is mosﬁ effective in

1

prevenfing 1s rarely fatal.

i
H

9.7 E Damage above the beltline in single-vehicle crashes

A large proportion of single vehicle side impacts involve fixed
obiecté that are more or less perpendicular to the ground and extend from the
i '

gr&und:up beyond the roof of the car (e.g., poles, trees, walls). In a pre-

Standard 214 car, the sill is strong while the upper portions of the car are
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relatively soft. In an impact with a fixed object, the sill would be
brought to a stop while the soft upper portions of the car would keep
moving, causing the-car to tilt sideways (comparable to the pitching effecf
seen during emergency braking). This motion could aggravaté penetration bf
the fixed object into the uppermost portion of the car and incréase injuryi
risk. 1Tt Is conceiv#ble that side door beams, which strengthen the upper |
portion of the car, parallel to the sill, could at least partially reduce

the effect (hypothesis (4) in Section 9.1).

The presence (or absence) of damage to the portion of the car
ahove the beltline, also known as the 'greenhouse," is indicated on NCSS by

the 3rd letter of the CDC: specific vertical area of damage [127. 1f 2
the 3rd letter is A,:G,or H, the greenhouse was damaged in the crash.

Table 9-11 shows the 1incidence of greenhouse damage in the unweighted NCSS%
cases (unweighted cases are used for this analysis because the results areé

more statistically reliable, despite some biasg).

No statistically significant reductions of greenhouse damage
were foun&. In fact, cars of the first 2 model years with beams had the
same incidence of greenhouse damage as cars of the last 2 model years witho?t
beams. Oi the other hand, greenhouse damage decreased by a nonsignificanti
13 percent in the 5 year comparison and l4 percent in the all-year comparison.
It is doubtful whether these observed effects can be considered supporting
evidence for hypofhesis (4). Other possible explanations are: chance aloné

(since the effects are not statistically significant); structural changes

other than Standard 214, especially the largé~scale introduction of pillared
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TABLE 9-11

DAMAGE ABOVE THE BELTLINE IN SINGLE-VEHICLE SIDE IMPACTS,
BY STANDARD 214 COMPLIANCE, UNWEIGHTED NCSS

Vehiclao
Age
Unweighted n Cars with Reduction for

Range of Cars Greenhouse Damagé” Standard 214 (%)

Last 2 MY w/o beams 93 46
: ne

First 2 MY w. beams 75 37 ne
Last 5 MY w/o beams 172 89 13
First 5 MY w. beams 195 88
All cars without beams 217 113 ' 14
All cars with beams 320 144

*3rd letter of Collision Deformation Classification is A, G or H
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hardtops which took place 3-5 vears after beams were installed} the tendency
of Standard 214 to l1imit or prevent occupant compartment damage in single
vehicle crashes (see Section 9.4) - if the damage to the occupant compartment

is reduced, so, too, will be damage to the greenhouse.

Thus, the NCSS data do not rule out hypothesis (4), perhaps even
providing a modest amount of support for it., But they certainly do not
suggest that hypothesis (4) 1s a major factor in Standard 214's effectiveness

in single vehicle crashes.

9.8 Qgggppbgng ection and rclated damage phenomena

Hypothesis'(S) of Section 9.1 was that Standard 214 might reducei
cjection of occupants through doors because beams help preserve the structural
integrity of doors and reduce stresses on door components such as latches énd
hinges. In other words, Standard 214 reduces the likelihood of a door beiﬁg
dented inwards (viz., by deflecting fixed objects and by increasing crush
resistance 1n multivehicle crashes) which, in turn, may reduce the tension on
latches and hingéé below their failure point, which, finally prevents the

door from opening or separating from the rest of the car,

Hypothegis (5) did not appear in the literature prior to the
publication of this report. The remarkable reductions of occupant ejection
attributable to Standard 214, which will be presented in this section, are

one of the most surprising results of the evaluation.

Before presentation of the data, it should be pointed out that

the reduction of ejection is not claimed to be purely a consequence of side
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door beams, alone. To some extent, it may also be a consequence of
improvements made to door components or pillars, slmultancous with the
installation of beams, to facilitate compliance with Standard 214 (see

Section 4.2.3).
It should also be noted that

o crashes in which the primary damage 1s due to rollover

(Ath‘letter of 1lst CDC 1is Q) have been excluded.

o 91 percent of the pre-Standard 214 cars on NCSS have
door locks capable of meeting Standard 206. Furthermore,
99,7 percent of cars of the last 5 model years before
beams were installed and 100 percent of cars of the last
2 model years before beams had such door locks (see
Table 7-4). So the ejection reductions for post-Standard 214
cars cannot be attributed to any appreciable extent to
Standard 206, not to any other safety device of the

1965-68 cra, nor to an increase in belt usage (see Table 7-4).

In other words, the large reductions in ejection that will now be
shown are taking place 1n genuine side impacts, not rollovers, and must be

somehow attributable to Standard 214, not other standards.

Table 9-12 shows the percentages of crash-involved persons who
were ejected through a door. Unweighted NCSS cases are used and ejections
through unknown portals (about 23 percent of all ejections) are prorated

among the known ejection routes.
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TABLE 9-12

OCCUPANT EJECTION THROUGH DOORS, BY STANDARD 214 COMPLIANCE, UNWEIGHTED NCSS

In Single-Vehicle Side Impacts i In Multivehicle Side Impacts
Vehicle Age
Range n of Percent Ejectid Reduction for n of Percent Ejectig Reduction for
| Persons Through Doors * Std. 214 (%) ‘ Persons Through Doors Std. 214 (%)

i o .

Last 2 MY w/o beams . 162 12.54 68” | 649 1.75 12

First 2 MY w. beams 124 . 4.03 ; 850 - X.55
§
‘5

Last 5 MY w/o beams 292 8.47 75% 1162 2.65 56"

First 5 MY w. beanms 328 2.13 ! 1865 1.16
|

All cars without beams 355 8.54 56* | 1529 3.43 29%

All cars with beams 518 3.74 2788 . 0.97

*Statistically significant reduction (X= .05)

**53 percent of ejections are through an unknown portal. They
have been prorated among the known ejection portals.. =



There were large, statistically significant reductions in

single-vehicle side impacts. The likelihood of door ejection was 68 percent
lower in cars of the first 2 model years with beams than in cars of the last:
2 model years without them. The reduction persisted when the range of model
years was extended: 75 percent in the 5 year comparison and 56 percent in

the all year comparison. 1In all 3 comparisons, the reduction is significant.

The picture is not so clear in multivehicle crashes (shown on the
right side of Tablei9~12). The likelihood of ejection in cars of £he first
2 model years with beams was 12 percent lower than in the last 2 years without
them; that reduction is not statistically significant. But in the longer
term comparisons, the reductions are much larger: a significant 56 percent
in the 5 year gomﬁafison and a significant 72 percent in the all-year
comparison. Without additional information, 1t is impossible to judge whether

these reductions are due to Standard 214 or some vehicle age-related trend.

The NCSS.cases collected before April 1978 contain some additional
data elements pertalning to vehicle damage. One of these is whether a door
opened as a result of the impact. Obviously, a reduction in door opening is
tantamount to a reduction in the risk of ejection through a door. Since door
opening is much more common than occupant ejection, it should be easier to

get statistically meaningful results.

Table 9-13 shows the percentages. of all cars in which at least one
door opened as a result of the impact. Reductions in side door opening were
computed for both unwelphted and welghted cases, but the statistical

glgnificance of the reduction was tested only for the unweighted cases.
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Vehicle Age

Range

Last 2 MY w/o beams
First 2 MY w. beams

Last 5 MY w/o beams
First 5 MY w. beams

A1l cars w/o beams
All cars with beans

TABLE 9-13

DOOR OPENING DURING IMPACT, BY STANDARD 214 COMPLIANCE, NCSS PRE-APRIL 1978

Umveighted
n of Cars

107
108

138
169

In Single-Vehicle Side Impacts

Cars in which
at Least 1 Door

Opened

18
12

31
28

44
45

Reduction for
Std. 214 (%)

Based on Based on
Unweighted Weighggd
Cases Cases
7 20
7
%ﬁ
11 38
16 40

*Statistically significapt reduction (x =

.05)

**No statistical tests were performed in the weighted cases

|
|
;
|
i

In Multivehicle Side Impacts

Unweighted
n of Cars

237
283

417
644

577
954

Cars in-which
at Least 1 Door
Opened

38
36

78
77

123
119

Reduction for
std. 214 (%)

Based on
Unweighted
Cases

21

*
36

41

Based on
Weighigd
Cases

10

30



The result based'onJunweighted cases‘is more statistically relfable when
samples are smali'f especlally in the 2 year comparison. Thq’result based
on weighted cases.1s less blased, although statistically imprecise, and is
most meaningful wheq‘samples are large -~ 1.e., in the 5 year and all-year

comparisons,

For single-vehicle crashes, the results on sidedoor opening

confirm the reéults:on ejection. Consistently high reductions in the
incidence of siéedoor opening are found for post-Standard 214 cars, based
on the weighted cases: 20 percent iﬁ the 2 year comparison,‘38 percent in
the 5 year comparison and 40 percent in the all-year comparison. The
reductions are notlas high as those reported for door ejectibnAin Table 9-12
(56-75 percent, ?sing unwelghted cases); The discrepancy could be due to
chance alone, siqce Tabie 9-12 is based on small samples of ejeétees. Or
it could indicate that Standard 214 provides twofold protectlon against
ejection in singie vehicle crashes: (1) the incidence of ddor opening is

, reduced; (2) thgutendency of Standard 214 to modify damage patterns and
deceleration levéis in crashes (see Section 9.3.2) may affect. the timing
and/or direction of occupant trajectories in a way that furfher reduces
their 11kelihood(oﬁ exiting through an open door. This explanation is just
a conjecture, however, and would have to be confirmed by crashifesting or

other means.

In multivehicle crashes, Standard 214 cars appear to have

consistently lower incidence of door opening than pre-standard cars. Based
on the statistically more reliable unweighted case counts, cars of the first

2 model years with beams have a 21 percent lower incidence of door opening
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than cars of the last 2 years without them. That reduction, although
nonsignificant; 1s more or less consistent with significant reductions of
36 percent in the 5 year comparison and 41 percent in the all-year comparison.

The results based on weighted case counts are similar.

Thus, tﬁe results on door opening, in combination with the resulté
on ejection, offer,feasonably firm evidence that Standard 214 may have
reduced the risk of ejection in nonfatal multivehicle crashes, perhaps by

about 20 percent.

Anothér relevant data element recorded on the pre-April 1978 NCSSE
cases was the pfesénce or absence of damage to door latches and hinges. A
reduction in latch or hinge damage attributable to Standard 214 could be

evidence that the standard helps reduce stress on door components.

Table 9-14 shows the percentages of cars in which at least one dodr
latch or hinge was damaged in the impact. It is based on unweighted NCSS

cases.,

In single-vehicle crashes,; cars of the first 2 model years with

beams had a 19 perceﬁt lower incidencé of latch or hinge damage than cars of
the last 2 model yéars without beams. The reduction is statisticaily :
significant. Over the larger samples incorporating more‘modél years, the
reductions persisted but atra lower magnitude: 8 percent in‘the 5 year
comparison and 11 percent in the all-year comparison. Neither of these

are statistically significant.

The reductions in latch and hinge damage are more or less

comparable to the degree of shift from compartment to fender damage (Table 9;6).
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TABLE 9-14

DOOR LATCH OR HINGE DAMAGE DURING IMPACT, BY STANDARD 214 COMPLIANCE,

UNWEIGHTED NCSS CASES, PRE-APRIL 1978

Vehicle Age . In Single-Vehicle Crashes
Range _ Unweighted n Cars in which Reduction for
) of Cars at Least 1 Latch Std. 214

or Hinge Damaged (7

Last 2 MY w/o beams 62 49 19%*

First 2 MY w. beams ' 42 27

Last 5 MY w/o beams 108 79 8

First 5 MY w. beams 108 73

All cars without beams 139 102 11

All cars with beams 169 110

*Statistically significant reduction (one-sided o< = .05).

In Multivehicle,Cfashes

Unweighted n  Cars in which Reduction
of Cars at Least 1 Latch for Std. 214
or Hinge Damaged (%)
235 137 1
273 158
416 246 5
630 354
577 341 2
937 544



In other words Standard 214 does not show any specific propensity to
protect door components that goes beyond its general tendency to shift the

center point of vehicle damage from the compartment to the fender areas.

Table 9-14 does not show any substantial or significant reduction-
of latch or hinge damage in multivehicle crashes (observed reductions ranged

from 1 to 5 percent in the 3 comparisons).

Data from the Fatal Accident Reporting System (FARS) confirm that

Standard 214 helps prevent ejection in single-vehicle crashes. They show

that Standard 214 was about equally effective in reducing ejection and

nonejection fatalities (see Section 10.3).

Finally, what proportion of the overall effectiveness of Standard
214 can be attributed to a reduction of the risk of ejection? About 15
percent of nonfgtal hospitalizations In single vehicle side iﬁpacts are due
to ejection-related contacts (see Table 3-5). Since Standard 214 appears
to be especially efféctive in reducing ejection (i.e., about'40—50 percent,
vs. 257 overall injury reduction), it is likely that up to a quarter of the.
overall benefits in nonfatal single-vehicle cr&shes can be attributed to the
decrease 1in ejections. Only 5 percent of nonfatal hospitalizafions in
multivehicle crashes are ejection related. Since Standard 214 appears to be
twice as effective in reducing ejections as in preventing other types of
injuries, it folloﬁs that a tenth of the total benefits in nonfatal multi-

vehicle crashes can be attributed to a reduction of ejection risk.
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Ejectibns account for nearly 25 percent of the fatélities in
fixed ohject crashes (see Table 10-8). Since Standard 214 is about
equally effective in preventing ejection and nonejection fatalities, about a

quarter of the total life savings is due to a prevention of ejection,

9.9 Summary:  why Standard 214 is effective

| The analyses of vehicle damage patterns (Section.9.3), damage
zones (9.4) and'§rincipal direction of force (9.5) showed that Standard:214
helps deflect a fiiea object, but is not effective in deflecting a striking
vehicle (hypothesis (2) of Section 9.1). On the other hand, Standard 214
was shown to be somewhat effective 1n reducing intrusion when a vehicle:
directly strikes a car in the door area (hypothesis (1)). Section 9.6
showed that Standafd 214 apparently reduces sill override in multivehicie
crashes (hypothesis (3)) but that this reduction accounts for a relativély
small proportion of total benefits. Section 9.7 did not show Sfandard él&
to be effective in feducing the likelihood of greenhouse damage in fixed
object collisions (hypothesis (4)). Finally several analyses in Sectioﬁ 9.8
showed Standard 214 to be quite effective in reduciné the risk of occupént
ejection (hypothesis (5)). A moderate proportion of casualties in fixeé—
object crashés and a smaller proportion in multivehicle crashes are :

ejection-related.

Based on the results of these analyses, it is possible to appdrtion
the overall benefits of Standard 214 among the casualty-reducing méehanisms
specified in the 5 hypdtheses of Section 9.1. Table 9-15 shows the

apportionment of béhefits for fatalities and hospitalizations, in fixedéobject
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Casualty Reduction

TABLE 9-15

Casualty Reduction Attributed to Standard 214 (%)

In Fixed Object Crashes

CASUALTY REDUCTION ATTRIBUTABLE TO STANDARD 214, BY REDUCTION MECHANISM

In Multivehicle Crashes

Mechanism :
Nonfatal . Nonfatal
Hospitalizations Fatalities Hospitalizations Fatilities
(1) Improved Crush .
Resistance negl. negl. 6 negl.
(2) Deflect striking object
or vehicle 19 17 negl. negl.
(3) Prevent sill override N/A N/A 1 negl.
(4) Prevent greenhouse damage negl. negl. N/A N/A
(5) Prevent ejection 6 6 1 negl.
OVERALL CASUALTY REDUCTION (7Z) 25 23 8 negl.
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and multivehicle collisions. The overall casualty reducfibn. shown at the
bottom of the table; is derived from Section 6.7, 7.8 or 10.4.1. In fixed-object
crashes, both nonfatal and fatal, about a quarter of the overall benefits are
attributed to a reduction of ejection; the remainder to Standard 214's

capability of helping deflect fixed objects.

In multivehicle crashes, benefits are limited to nonfatal injuries.

About three quarteré of the benefits are attributed to an increase of crush

resistance; one eighth, each, to a reduction of sill override and a reduction

of ejection.

Although.fhe apportionment of benefits in Table 9-15 is conjectural
and not rigorous, there is remarkable harmony between the resﬁlts of thé
damage analyses pf this chapter, the overall casualty reduction found in
Chapters 6 and 7, the specific types of injuries prevented fChapter 10)
and the crash test results and engineering considerations discussed in

Chapter 4.
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CHAPTER 10
WHEN IS STANDARD 214 EFFECTIVE?

ANALYSES OF INJURY SOURCES AND CRASH CONDITIONS

Chapters 6, 7 and 8 showed that Standard 214 reduced the
overall risk of casualties in side impacts. In this chapter, éffectiveness
estimates are calculated separately for various subsets of the overall
populatiqn at risk:v by injury type (e.g., the effectiveness of Standard
214 in preventing thoracic injuries), by injury source (e.g., injuries
due to contacté with structures on the side of the car), or by crash
type (e.g., in collisions with poles/tress). National Crash Severity Study
(NCSS) and Fatal Accident Reporting System (FARS) data are analyzed.
Background information on NCSS and FARS may be found in Sections 7.1 and 6.2,

respectively.

Wben"the data files, especially NCSS, are partitioned there
are usually not gnOugh accident cases in each subgroup for statistically
precise effectiveﬁess estimates or for detailed analyses of possible biases.
Despife anertainties about the individual estimates, the results of this
chapter are genefally consistent with engineering intuition and the analyses
of vehicle damagé presented in Chapter 9: Standard 214 is found to be
primarily effective in reducing. injuries due to contact witﬁ side interior
surfaces of due,£0_0ccupant ejection; pelvic and leg injuries are more
effectivel& mitigatéd than upper body injuries. In single vehicle crashes,
Standard 214 seems to work best.in collisions with guard rails or with tall,
fixed objects (polés; trees, buildings). In multivehicle crashes, injuries

are mitigated pfimarily when the impact is centered on the'occupant compartment.

»*
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10.1 Effeétiveness‘gy impact location and occupant position
Sections 7.1 and 7.2 provided definitions, for use with NCSS

data, of concepts such as:

o -a side impact

0 nearside or farside occupant

o imﬁact centered on the passenger compartment

o fatal or hospitalizing injury

0 pre or post-Standard 214 cars

o' éars of the last 2 (or 5) model years before beams were instailed
0 .cars of the first 2 (or 5) model years after beams were installed
o ipjury rates | |

o .a preliminary effectiveness estimate for Standard 214

The same definitions are used in this chapter, except where specified otherwise.

Two fundamental categorizations of side impacts are by location
of impact aﬁd by éccupant seat position relative to the damaged area. If
the iﬁpact is-centered on the occupant‘compértment, the s;ructural characteris-
tics of the doér are immediately and directly relevant to the vehicles' |
performancé in the‘crash. For the nearside occupant, seated adjacent to
the struck door; the amount and velocity of the door's intrusion into the
compartmeﬁt is a éritical factor in determining injury seVefity. Intuitively;
it is expécted Ehé; Standard 214 1s most effective in crashes centered on

the compartment, especially so for nearside occupants.

In single-vehicle crashes, however, it 1s not appropriate to
compare the compartment-centered crashes of pre and post-Standard 214 cars,

because Standard 214 1s itself influential in determining the centerpoint of
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the damaged area, In Section 9.4 it was shown that one of the benefits of
Standard 214 was to limit damage to the compartment and to spread it out to
the fender areas, Thus, it is only meaningful to subdivide the single

vehicle accident cases by occupant position relative to the damaged area.

Tablévlo-l shows that Standard 214 was equall& effective in
mitigating the injuries of nearside and farside occupants in single vehicle
crashes on NCSS.S The injury rate of nearside occupants was reduced by 26
percent; of faréide occupants, by 29 percent. The injury rates are based
on the definitions of Sections 7.1 -~ 7.3, using "all prefstandard 214
cars vs. all post-standard cars'" (but excluding rollovers, convertibles,
pickup cars and;model years with possible mid-year beam installation, just
as in Chapter 7). The injury rates are based on direct tabulation of weighted
NCSS data, as in Section 7.3: no multivariate analyses of possible biases

are performed.

ihg ﬁCSS results parallel the FARS results, shown in Table 6-3,
that Standard.Zla 1s about equally effective in reducing fatalities of
nearside and farside occupants (14% and 15% observed reductions). They are
consistent with. the conclusions based on analysis of damage patterns (Section
9.3.2) that Standard 214 should benefit farside as well as nearside occupants

in single vehicle side impacts.

In multivehicle crashes it is more appropriate to compare the

compartment—cenﬁered crashes of pre and post-Standard 214 cars because
Standard 214 itself has little or no effect on the centerpoint of the damage
(see Section 9.4), Table 10-2 shows that Standard 214

appears to be effective only in impacts where the centerpoint of the damage
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TABLE 10-1
STANDARD 214 EFFECTIVENESS IN SINGLE VEHICLE CRASHES:

'NEARSIDE VS. FARSIDE OCCUPANTS, NCSS

Injury Reduction for
N of Persons Rate (%) Standard 214 (%)
NEARSIDE OCCUPANTS
Pre-Standard 214 540 17.41
. 26
Post~Standard 214 960 12.92
FARSIDE OCCUPANTS
Pre-Standard. 214 653 : 12.86 ‘
e - 29
Post-Standard 214 1114 9.16
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is located within the passenger compartment zone: here the injury reduction
is 22 percent;“fhere is little or no effectiveness (4% observéd) in crashes
where the cen;erppint of the damage is in the fender zones, despite thé fact
that, according to Table 9-7, half of these crashes have damage envelopes
partially ovepléﬁping the compartment. In other words, for Standard 214 to
have an effect, itvis apparently not enough to have damage to-the compartment :
the damage must be centered on the compartment.

Table'lO—3 further subdivides the persons involved in
compartment crashes by seating location: nearside vs, farside. The injury
reduction for Standard 214 cars is 25 percent for nearside occupants and
almost as great - 21 percent - for farside occupants. From these results
(and considering.the sample sizes on which they are based) it seems likely
that Standard 214 is effective for farside occupants in compartment impacts,
perhaps even as effecgive as for nearside occupants. That,possibiiity is
not necessarily consistent with engineering intuition and the aﬁalysis of
damage patterns (Section 9.3.3), which suggest that Standard 214 would be
effective primarlly for nearside occupants. The next section - analysis of

injury sources and types - includes a closer look at the farside occupants.

Of course, even if Standard 214 should turn out to be effective
for farside occupants, the primary benefits of the standard accrue to nearside
occupants, who accopnt for 60 percent of the casualities in compartment

impacts (see Table lOFS).

10.2 Eftfectiveness by injury source and body region

The NCSS cases contain detailed Information on the cause and

nature of an occupant's injurles., Up to 6 injuries are coded per occupant.
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TABLE 10-2

STANDARD 214 EFFECTIVENESS IN MULTIVEHICLE CRASHES:
OCCUPANT COMPARTMENT IMPACTS VS. OTHER CRASHES, NCSS

N of Persons Injury
Rate (%)

IMPACTS CENTERED ON OCCUPANT COMPARTMENT
Pre-Standard 214 2244 11.54

Post-Standard 214 4206 8.99

NOT CENTERED ON COMPARTMENT

Pre-Standard 214 4332 4,52
Post-Standard 214° 8139 4,36
TABLE 10-3

Reduction for
Standard 214 (%)

22

STANDARD 214 EFFECTIVENESS IN MULTIVEHICLE COMPARTMENT
- IMPACTS: NEARSIDE VS. FARSIDE OCCUPANTS, NCSS

N of Persons Injury
Rate (%)
NEARSIDE OCCUPANTS IN COMPARTMENT IMPACTS
Pre-Standard 214 1044 ' 14.66

Post-Standard 214 2108 11.01

FARSIDE OCCUPANTS IN COMPARTMENT IMPACTS
Pre-Standard 214 . 1200 8.83

Post-Standard 214 2098 6.96
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The information includes the contact source within (or outside) the vehicle

that caused the injury and the body region injured.

10.2.1 Definitions
For the analyses that follow, the codes for contact sources have

been grouped into 4 categories:

o..Frontal interior surfaces - NCSS codes 1-14, which include
the instrument panel, steering assembly, windshield, etc.

o Side interior surfaces - NCSS codes 15-24 and 32, which
include the inside of the door and its attachments, the pillars, side windows
and their frames and the roof side rails.

o Exterior objects - NCSS codes 43-49, which are mostly
ejection—related contacts.

o QSESE known contacts - NCSS codes 25-31, 33-42 and 90,
which include seats, occupants, cargo, roof, floor, rear surface and noncontact

injuries.

The regions of the body have been grouped into 3 categories:
o"Héad, face and neck
0 Thdrax, shoulders, upper extremities and back

o 'Lower body including abdomen, pelvis and lower extremities

The analyses are limited to occupants who weére killed or
hospitalized, but up to 3 injuries per occupant may be included. The occu-
pant's most severe iﬁjury'is always included. The 2nd or 3rd most severe
injuries are alsé elig{ble for inclusion if they are

o AlIS >3 or
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o' the same AIS as the most severe injury.
The injuries included under this scheme ére referred to as "fatal or

hospitalizing injuries.”

In the analyses that follow, rates are presented for the nuﬁ—
ber of injuries (of a specific type) per 1000 crash~involved occupants. ,7
They are not, strictly speaking, occupant injury :ates.in the sense of
Chapter 7, siﬁce.more than one injury is counted for some occupants.
Finally, the contact point and/or specific injuryris unknown for about
50 percent of thé-fétal or hospitalizing injuries sustained by NCSS occupénts.
The rates shown in the tables that follow are based only on the known casés

and are therefore, on the average, understated by 50 percent.

The caveat stated at the beginning of this chapter - viz.,
that effectiveness measﬁres are in many cases not statistically precise -;
applies especially to the results on injury sources and bod& regions, in
part because the high rate of missing data (50%) cuts the éffective samplé

size in half.

10.2.2 Injury sources and types in single vehicle crashes

Table 10-4 shows the reduction, for post-Standard 214 cars, of
injuries due to various contact sourcés (in the top section); injury reduction
by body region (in the middle section); by contact sources and body regioﬁ
(in the lowest section). For example, there were 1193 occupants of pre-séandard
cars involved in'single—vehicle side impacts. These persons had, among tbem,

a total of 67 injuries, due to contact with components in thévfront of thé

compartment (steering wheel, windshield, etc.), that would have resulted in
v
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TABLE 10-4
INJURY RATES IN SINGLE-VEHICLE SIDE IMPACTS

BY CONTACT SOURCE AND BODY REGION, BY STANDARD 214 COMPLIANCE,

NCSS
SeriOuslInjuriea per 1000 Reduction for
Crash Involved Persons Standard 214 (%)

- Pre-Std. 2142  Post-Std. 2147
BY CONTACT -SOURCE

Frontal surfaces 56.16 40.98 27

Side surfaces . 70.41 45,32 36

Exterior to car 2598 9.64 63

Other 15.08 27.00 : ~-79
BY BODY REGION S

Head ‘ 70.41 57.86 . 18

Thorax 47.78 37.13 22

Lower body 49.46 27.97 43

BY CONTACT SOURCE
AND BODY REGION
Frontal surfaces ’
Head 20.12 16.39 19

Thorax 20.12 14.46 , 28

Lower body 15.93 10.13 36
Side surfaces

Head 25.15% 18.80 25

Thorax , 19,28 15.43 . 20

Lower body 25.98 11.09 57

1. Resulting in fatality or hospalization
2. N of crash-involved persons= 1193
3. N=2074
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fatality or hospitalization (sec Secﬁion 10.2.1). That amounts to a

rate of 56.16 serious injuries per 1000 exposed persons. The occupants of
post-standard:caré had a rate of 40.98 injuries per 1000 persons, due to |
frontal contact points. That 1is a 27 percent reduction relative to the

pre-standard injury rate,

.Tablé 10-4 shows that Standard 214 was most effective in re-
ducing ejection—related injuries¥ it reduced injuries due to contact
with exterior objects by 63 percent. Standard 214 was quite effective
(36 percent) in reducing injuries due to contacts with side surfaces within
the vehicle; moreover, since those contacts had been the predominant source of
injury (70.41 per 1000 persons in pre-standard cars) they are the type for
which Standard 214 has the largest benefits, in absoulute terms (a reduction
of 25,09 injuries per 1000 persons). Standard 214 also appears to be effective
in reducing injuries due to frontal contacts - although the obsétved 27 |
percent reduction may be due, in part, to other safety devices, age biases,
etc. Finally,‘the large observed increase of injuries due to other contacts
(79%) would appear to be an artifact of the analysis and not a result of
Standard 214: since . .the standard has eliminated large numbers of side,
ejection, and frontal injuries, the remaining types of injuries have become
more likely to meet the threshold defined in Section 16.2.;. For example, |
while in a pre-standard car they might not have been one of the occupant's

3 most severe injuries, they might be so in & post-standard car.

Thus, the results on injury contact sources are entirely
consistent with the findings of Chapter 9, viz., that Standard 214 has sig-
nif{cantly reduced ejection (Section 9.8) and has modified a vehicles' response

to fmpact with a fixed object in a manner that should not only substantially

\
)

/
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reduce injuries due to side contacts but could even affect frontal contact

injuries (Section 9.3.2).

Table 10-4 shows that Standard 214 has réducéd injuries to
all body regioné in single vehicle crashes. The largest reduction (43%)
was for lower body injuries, but there weré also reductions for the thorax
(22%) and head (18%). Since head injuries are the predominant type of

fatal lesion, their prevention i1s the key to fatality reduction.

Evéﬁ‘more insight is gained by classifying the injuries by
body region gggﬁcontact'point (although the rates are lessrsﬁatistically
precise and should be interpreted.with caution). Table 10-4 shows that Standard
214 was most efféctive in preventing the iﬁjuries it was intended to prevent:
there was a 57 percent reduction of lower body injuries due to side contacts.
That type of injufy is often a direct result of contact with intrudiﬂg
surfaces and, as was shown in Section 9.3.2, Standard 214 significantly
reduced intrusiqn‘in single~vehicle crashesl But there was also a sizable
reduction of head injury (25%) and thoracic injury (20%) due to contact

with side surfaces.

Tabie‘iO—S is identical to Table 10-4, except fhat injury
rates are measupéq.separately for nearside and farside occupanfs. The -
injury reductions are shown side by side, with nearside occupants' results
on the left, It is possible to compare, for each type of injury, the

benefits of Standard 214 for the two groups of occupants.

Specifically, Table 10-1, which only showed overall injury
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TABLE 10-5

INJURY RATES IN SINGLE~-VEHICLE SIDE IMPACTS,

"BY CONTACT SOURCE AND BODY REGION, BY STANDARD 214 COMRLIANCE,

NEARSIDE VS, FARSIDE OCCUPANTS, NCSS

NEARSIDE FARSIDE
Sefiousllnjuries per 1000 Reduction Seriousllnjufies per 1000 Reduction
Crash-Involved Persons for Standard Crash~Involved Persons for Standard
: 214 (X) 214 (%)
Pre-std, 214° Post-Std. 2147 Pre-Std. 214° Post-5td. 214°
BY CONTACT SOURCE
Frontal surfaces  51.85 28.13 46 59.72 52.06 13
Side surfaces 112.96 65.63 42 35.22 27.83 21
Exterior to car 133133 14,58 56 19.91 5.39 ‘73
Other .81 28.13 -90 15.31 26.03 =70
BY- BODY REG[ON
Head 94.44 65.63 3l 50.54 51.17 -1
Thorax Wb 4k 37.50 16 50.54 36.80 27
Lower body 7407 33,33 55 29.10 23.34 20
BY CONTACT SOURCE
AND BODY REGION
Frontal surfacés :
Head xé.ev_ 8.33 50 22,97 23.33 2
Thorax 16.67 11.46 31 22.97 17.06 26
Lower body 18.52 8,13 55 13.78 11.67 215
Side surfaces 7
Head 42.59 30.21 29 . 10.72 8.97 16
Thorax 22.22 18.75 16 16.84 12.57 ézs
Lower body 48.75 16.67 65 7.66 6.28 215

1 Resulting in fatality or hospitalization
\

2 N of crash-involved persoﬁs = 540

3 N=960

S Nellld
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rates, did ﬁot indicate any significant difference in Staqdafd 214 effectiveness
between nearside'énd farside 6ccupants. ‘Engineering intuition, though, |
would suggest,v§t~the very least, different reasons for effectiveness for

the two groups‘and, very likely, greater effectiveness fqr nearside occupants,
who are more vulnérable to contact with intruding surfaces. The more de-

tailed injury rates in Table 10-5 give a much better understanding of hdw

the standard wdrks and confirm engineering intuition.

Fprwnearside occupants, the most common injury‘source, by
far, is contagt'with side surfaces (113 serious injuries pér 1000 exposed
occupants of pre-standard cars). Standard 214 reduced tﬂese injuries by 42
percent. Side contacts are only the no. 2 injury source for farside occupants
(35 per 1000) and Standard 214 was half as effective (21%) as it was for

the nearside occupants.

Standard 214 was highly effective in reducing ejection related
injuries for both nearside (56%) and farside (73%) occupants. For the
latter group, this reduction accounts for close to half of the overall benefits.
For the nearside occupants, it accounts for fewer benefits, in absolute

terms, than the side and frontal contact injury reductionms.

fhe @ost frequent contact point-body region combination for
nearside occupants in pre-standard cars was lower body injury in side surface
contacts - theptféé.of injury most readily attributable to contact with
intruding surfaceé. Standard 214 reduced these injuries by 65 percent - the
highest reductioﬁ.for any of the combinations. The corresponding reduction
for farside occupants was much lower (18%), consistent with englneering

intultion. In the osther side contact Injuries (head and thorax), the discrepancy

o+
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between nearside and farside occupants was less,-again consistent with

intuicion,

Nearside occupants' head injuries were substantially reduced
in both side (29%) énd frontal (50%) contacts. This benefit is consisteAt
with Standard 214's effect of helping to keep fixed objects away from the
passenger compartment (Section 9.4), especially the greenhouse area (Section
9.7). 1t could be an important reason why Standard 214 saves lives in single

vehicle crashes.

Thus, for farside occupants, the principal sources of benefits
.are reduction of ejection and overall damage pattern amelioration.
Nearside occupants obtain both of these benefits, but even more jmportantly,
they avoid injuriés due to contact with intruding surfaces and, possibly?

head injuries.

10.2.3 Injury sources and types in multivehicle crashes

Tgble 10-6 displays injury rates by contact source and body
region in all types of multivehicle side impacts. The majority of the injuries
are due to contactghwith side surfaces and Standard 214 has‘reduced these by
10 percent (as compared to a 36% reduction in single-vehicle crashes on :

Table 10-4). Ejection-related injuries are reduced by 57 perceat, but they
only account for a small fraction of overall casualties. There was no rgduc-
tion of injuries dpe to contact with frontal surfaces. These results are
consistent with the conjectures of Sections 9.3.3 and 9.8, viz., that there
would be a moderate'reduction of side contact injury, a substantial reduction

of ¢jection and few other benefits.,
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TABLE 10-6
INJURY RATES IN MULTIVEHICLE SIDE IMPACTS,

BY CONTACT SOURCE AND BODY REGION, BY STANDARD 214 COMPLIANGE,NCSS

Serious Injurieslper 1000 Reduction for
Crash Involved Persons Standard 214 (%)
Pre-Std. 2142 Post-Std.3
BY CONTACT SOURCE
Frontal surfaces 20.99 21.06 0
Side surfaces , 39,23 35.16 10
Exterior to car . 3.80 1.62 . 57
Other . 10.80 ‘ 9.48 12
BY BODY REGION ‘ :
Head , 24.03 24.78 -3
Thorax S 30.26 25.92 14 -
Lower body 20.53 16.61 . 19
BY CONTACT SOURCE
AND BODY REGION
Frontal surfaces -
Head ' , 6.84 8.59 ~25
Thorax . 8.82 8.34 5
Lower body 5.32 4.13 22
Side surfaces .
Head ‘ 10.19 10.13 1
Thorax ‘ 17.18 14.34 ‘ 17
Lower body ‘ 11.86 10.69 : 10

1. Resulting in fatality or hospitalization
2. N of crash-involved persons = 6576
3. N=12345



Ah‘important result of Table 10-6 is that head injuries were
not affected,neither overall (3% increase) nor, specifically, in contacts
with side surfaces (1% reduction). Since head injuries account for the
majority of fatglities, this severely limits the potential'l;fe—saving benefits

of Standard 214 in multivehicle crashes.

The benefits of Standard 214 appear to be 1imited to reduction i
of thoracic (17%) and lower body (10%) injuries due to contact with side
surfaces. These are the types of injuries most likely to involve contact
with an intruding surface and, according to the findings of Sections 9.3.3

and 9.6, the type where Standard 214 is most likely to be effective.

Table 10—7 is limited to impacts centered on the occupant
compartment (the only multivehicle crashes in which Standard 214 is effectiv;,
according to Table 10-2). Moreover, injury rates are calcﬁ;afed separately E
for nearside and farside occupants and tabulated side-by-side. Table 10-7 |
is of consideraﬁle'importance, because Table 10~3, which was based oﬁ
overall injury nafes, showed 1njury reductions for farside occupants\(Zl%)
that were almost'és:high as for nearside occupants (25%). That result was
7 not consistent with engineering intuition and the findings of Chapter 9,
which suggested effégtiveness only for nearside occupants. But the detailedé
‘injury breakout of'T;ble 10-7 5uggests that the overélllredﬁction for farsid; Rk
occupants is perhaps largely unrelated to Standard 214, Specifically, Table |
10-7 shows that thé overwhelming majority of serious injuries for nearside 7
occupants in compartment crashes is due to‘contact with side surfaces.
Virtually the entire benefit of Standard 214 accrues from a 31 percent
reduction of these injuries. Side contacts are a relatively unimportant
injury source fofvfarside occupants, and at best marginally (7%) reduced by E

Standard 214.
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TABLE 10-7
INJURY RATES IN MULTIVEHICLE COMPARTMENT IMPACTS,
BY CONTACT SOURCE AND BODY REGION, BY STANDARD 214 COMPLIANCE,

NEARSIDE VS, FARSIDE OCCUPANTS, NCSS

NEARSIDE " PARSIDE
Serioulllnjurien per 1000 Reduct ion Serioulllnjurien per 1000 Reduct ion
Crash-lnvolved Persons . for Standard Crash~Involved Persons for Standard
214 (%) g 214 (%)
-Pre~-Std. 21102 Post-Std. ‘211‘3 Pre-Std. 21104 Post~-Std. 2145
BY CONTACT SOURCE
Frontal surfaces: 22.99 24,19 =5 38.33 38.13 1
Side surfaces 136.02 93,93 . 31 20.00 | 18.59 7
Exterior to car 4.79 1.42 70 2.50 . 0.95 62
Other . 9.58 12,81 ~34 20.83 9.06 57
BY BODY REGION
Read  36.40 .62 s 3.17 30.51 1
Thorax 72,80 55.50 24 28.33 24.79 13
Lower body T 64.18 42,22 34 19.17 11.44 40
BY CONTACT SOURCE
AND BODY REGION
Frontal surfaces
Head : - 2.87 8.54 -198 15.83 15.73 1
Thorax “11.49 9.96 13 14.17 16.21 ~-14
.Lover body 8.62 5.69 34 8.33 6.20 26
Side surfaces J
Head 24,90 19.92 20 9.17 - 10.01 -9
Thorax 57.47 % 41,27 28 6.67 5.26 21
Lower body 53,64 32.73 39 4.17 3.34 20

1 Resulting in fatality or hospitalisation
2 N of crash-involved persons = 1044

3 N=2108

4 N=1200

5 N=2098
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Ejection-related injuries are substantially reduced for both
nearside (70%) and farside (62%) occupants, but the absolute benefits are

small because ejection accounts for fewer than 5 percent of the injuries.

Stahdard 214 had no effect on frontal contact injﬁries for either
nearside (5% increaée) or farside (1% rcduction) occupants. The small
increase observgd for nearside occupants could be an artifacﬁ of the analysis -
the big reduction in side contact injuries could have made room for frontal
contacts to meet.the "serious" injury threshold defined in Section 10.2.1.
Similarly, the 34 percent increase, for nearside occupants, of injuries fromr

"other" sources is probably an artifact.

The only substantial injury reduction for farside occupants,
in absolute terms, was on the injuries due to '"other'sources (57%). Predominant
among Lhose soufées were noncontact.injury {e.g., whiplash) and contacts withi
the front scatbéck{ It is most doubtful that Standard 214 cpuld have had
much effect on either of them. Thus, the bulk of the observed injury
reduction for farside occupants is probably due to statistical chance or

reasons untrelated .to Standard 214.

For nearside occupants in compartment crashes, on the other hand,
Standard 214 had substantial benefits in preventing those injuries it was |
designed to prevent: lower body (397 reduction) and thoracic (28%) injuries
due to contact wigh‘side surfaces. They are the type of injury‘which, for a:
nearside occupant in a compartment crash, is very likely to involve contact
with an intruding side structure, (Although comparable levels‘qf effectiveness
were found for farsidé occupants on both of these contact-body region com-

binations, the absolute benefits are 90-95% less, because the injuries are much
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Finally, Table 10-7 presents a possibility that Standard 214
may have reduced hgad injuries, due to side contacts, for nearside occupants.
The observed reduction is 20 percent and is less than the thoracic and
lower body injury reductions. Moreover, a 20 percent reduction for nearside
occupants in compartment crashes is difficult to reconcile with the corre-
éponding 1 percentvreduction, on Table 10-6, for all multivehicle crashes or
with the 5 percent?reduction, for all types of nearside occgpants' head
injuries, in Table 10-7. Most likely, the 20 percent is exaggerated as a

result of sampling error.

Thus, Table 10-7 provides strong support to the conjecture that
the benefits of Standard 214 in multivehicle crashes are mainly limited to
nearside occupants in compartment impacts and, there, to torso and leg injuries

due to contact with‘intruding side surfaces.

10.3 Reduction of ejection fatalities

The evidence from Sections 9.8 and 10.2.2 shows that Standard
214 has beep'effecﬁive in reducing occupant ejection in nonfatél single-ve~
hicle crashes - at least, in the crashes on NCSS. The Fatal Accident
Reporting System‘ﬁFARS)‘data indicate, as will be shown her;, that Standard

214 is likewise ‘effective in reducing fatal ejections.

The procedure for computing effectiveness from FARS, as developed
in Section 6.3 and, more specifically, Section 6.3.2, is to tabulate frontal
and side: impact fa;alities for the last two model years before beams were
installed and for the first two model years with beams. The reduction in
side Llmpact fatullti;s relative to the reduction in frontal fatalities is

a measure of the effectiveness of Standard 214.
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TABLE 10-8

EJECTION AND NONEJECTION SIDE IMPACT
FATALITIES VS. FRONTAL FATALITIES IN FIXED~-OBJECT

. CRASHES, FIRST TWO YEARS WITH BEAMS VS, LAST TWO

YEARS WITHOUT THEM, FARS 1975-78, 81

Fatality Counts

, Side Side
Frontal Nonejecteeg Frontal Eje;tees
Last 2 model years- without beams 3179 1233 3179 381é
First 2 model years with beams 2971 898 | 2971 271
Side impact fatality reduction 22% A 24%
Chi~square 24.20 : 10.75
(signif., &=.05) (signif.)
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If ghe eJection and nonejection side impact fatalities are
tabulated separately, it is possible to compute, separately, the reductions of
ejection and nqnejection fatalities (relative to frontal fatalities). This
is done in Table 10-8, which is analogous to Table 6-3, except that
ejectees (full or partial ejection) have been separated from nonejectees (not
ejected or unknown if ejected). Moreover Table 10-8 is limited to single-ve-

hicle side impécts involving fixed objects ~ the type where Standard 214 is

likely to be efféctive (see Section 10.4). 1n other words, it.excludes
crashes that are basically rollovers with primary damage to the side of the
car, other noncoliiéions and collisions with trains (codes 1 - 11 for First
Harm{ul Event 15 1975-78, for Most Harmful Event in 1981). Finally, it is
limited to caléndér years 1975-78 and 1981. (Although the information could
have been obtained.for 1979-80 as well, it was not extracted during the

preparation of'tﬁis report.)

Table-10-8 shows that frontal fatalities of ail types in single
vehicle crashes were almost the same in the last 2 model years before beams
were installed (3179) as in the first 2 model years with beams (2971). But
ejection fatalities in side impacts with fixed objects dropped from 381 to
271. This is a statistically significant 24 percent reduction of fatal
ejections, relative to the frontals. The reductilon occurred over a short
time span (2 yearélafter ve. 2 years before Standard 214) du;ing which
few changes were made in vehicles other than Standard 214 - thus, the reduction

of fatal ejections can be attributed, almost in its entirety, to Standard 214,

Table 10-8 also shows that Standard 214 reduced nonejection
fatalities in side impacts with fixed objects by a significant 22 percent -

almost the same as .the reduction of fatal ejections.
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Since, #s Table 10-8 shows, ejectees comprise about a quarter of tﬁe
fatalities in side impacts with fixed objects and since Standard 214 appears fo
be about equally ééfective in reducing ejection and nonejection fatalities, it
may be concluded that about a quarter of the life-saving benefits of Standard
214 in fixed object collisions are due to prevention of ejection. Three
quarters of the benefits accrue to persons who remain within the vehicle in

crashes (see Table 9-15).

10.4 Effectiveness by type of object or vehicle contacted

Both NCSS and FARS provide strong evidence that Standard 214 is
effective in what‘may be calléd a "classical" single vehicle side impact:
a collision of a moving car with a tall, rigid, immovable object such as a
pole, large tree or building. Standard 214 is also effective in collisions
with guaré/rails.' But it has little or no effect in other types of crashes

that, by the definitions of this report, are called "single vehiéle side
impacts': rollovers with primary damage to the side of the car, trains

hitting cars in the side, or complex off-road excursions.

The NCSS sample is too small for a statistically reliable measure
' of Standard 214 effectiveness, in multivehicle collisions, as a function of
the size of the sttiking vehicle. It suggests that, perhaps,lthe standard is

most effective 1if the striking vehicle is a small car or a light truck.

10.4.1 Fatality reduction by type of object struck

In Table 6-3, the overall effectiveness of Standard 214 in single
vehicle side impacts is calculated by comparing side and frontal single-
vehicle crash fatalities for cars of the first 2 model years with beams

versus cars of the last 2 model years without them, based on FARS data for
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1975~81. 1In Table 10-9, the side impact fatalities are subdivided into 7
groups, based on the type of object struck. The effectiveness of Standard
214 1s calculated separétely for each of the groups by comparing the fatalities

for that group alone to those in all types of frontal single-vehicle crashes.

Since 7 years of FARS data contain a large number of fatalities,
even when restricted to just 2 model years before and after beam installation,

they accurately indicate where Standard 214 is effective and where it is not.

The typefof crash that accounts for nearly two-thirds of single-~
vehicle side impact fntalities is a collision with a tall, rigid, immovable,
massive object such as a large tree, pole or wall. The object extends from
the ground to abave the roof of a car and can engage all components of the
car's side structure,‘including the door, sill and roof rails. Since the
object 1s immovable and since sill override is Iimpossible, the door is not -
liable to being d;éplaced at a faster rate than other components of the side
structure (see Seétioﬁ 3.2)., The potential benefits of Standard 214, if
any, are not in slowiﬁg down door intrusion relative to the rest of the side
structure. They are in deflecting the vehicle from the object, spreading out
the damage, reducing damage to thé passenger compartment (especially the

greenhouse) and preventing door opening (see Chapter 9).

~ Table lO-é shows that Standard 214 has reduced fatalities in
collisions with tall fixea objects -~ presumably indicating that the standard
has accomplished the goal of deflection of these objects., Tall objects are
further subdivided.into‘two types: wilde and narrow. Wide objects, such as
walls, bulldings and_underpassés, are less likely to penetrate deéply into

a car than narrow objécts. As a result, if the crash has any kind of oblique
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TABLE 10-9

STANDARD 214 FATALITY REDUCTION IN SINGLE VEHICLE SIDE
IMPACTS, BY TYPE OF OBJECT STRUCK, FARS 1975-81

(Based on comparison with frontal fatalities; first 2 MY with beams vs. last 2 MY without beams)

General Description of Object Specific List of Objects . FARS Codes™ ~ Fatalities . Reduction fo
' ' ' S Last 2 MY First 2 MY  Standard 214
. w/out Beams w. Beams . (Zy
ALL FRONTAL SINGLE-VEH. FATALITIES 4325 4303
Tall, wide objects walls, buildings, underpasses 18,20,32 110 59 46
Tall, narrow objects trees, poles 25-29 1436 1135 ‘ 21
Obj. likely to interact w. beams guard rails 24 133 95 28
SUBTOTAL: TALL FIXED OBJECTS AND GUARD RAILS ’ 1679 1289 23
Offroad excursions, low objects embankments, culverts, 17,19,21,22,
ditches, abutments 30,31,33 245 253 -4
Collisions with trains 10 265 284 -8
Rollovers & other noncollisions rollovers, fires, immersions 1-7 195 199 -3
Collisions with moveable objects fences, animals 8,9,11,16,23 43 45 -5
SUBTOTAL: ALL OTHER SINGLE-VEH. SIDE IMPACTS 748 781 -5

*First harmful event in 1975-~78; most harmful event in 1979-81

**peduction relative to frontal single-vehicle fatalities: 1 - ((Post/Pre)/(4303/4325))



force component, Standard 214 has an especially good opportunity to deflect
the object and/or led the door structure together. Indeed, TaBle 10-9 shows
that Standard 214 reduced fatalities in collisions with tall, wide objects by
46 percent, Tall; narrow objects such as trees and poles are by far the most
common source of fétélities in single vehicle side impacts. If the crash
occurs at high spéeds and/or close to a 90 degree angle, these objects will
demolish a car andﬁthere isn't much that Standard 214 could do about it.
Nevertheless, therq were enough fatalities, in pre-Standard 214 cars, at

low enough speeds and sufficiently oblidue angles that Standgrd 214 reduced
fatalities by 21 percent - in absolute terms, accounting for three quarters

of the life-savings for Standard 214.

Guard raiié are a speclal type of fixed object: they are set at
a level likely tq.éngage a side door beam while missing the roof rails and,
possibly, the sill.r Moreover, they are 16ng and simultaneously engage doors,
pillars and fenders. If beams are effecfive in deflecting objects, they should
be especially effeqtive in helping a guard rail perform its intended purpose of
deflecting a car. Indeed, Table 10-9 shows a 28 percent fatality reduction for

Standard 214 in collisions with guard rails.

The aggregate fatality reduction for Standard 214 in collisions with
tall fixed objects and guard rails is 23 percent. The reduction is statistically
significant (chi-square = 36.71, p € .05). These crashes, prior to Standard

214, accounted for 69 percent of the deaths in single vehicle side impacts.

In the remaining 31 percent of crashes classified as "single vehicle

side impacts" - crashes of a type where beams generally have no opportunity to
P P
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deflect objects - Standard 214 has little or no effect. 1In fact, a § percentz
Increase in fatalities was observed; the increase was not significant

(chi~square = 0.76, p 2 .05).

Theseléfashes are subdivided among 4 groups: there are collisions
with low fixed objects, many of which would appear to be complex offroad
‘excursions with muitiple impacts to embankments, culverts, ditches, etc. (A
small proportion of these crashes were collisions with abutments, which in soﬁe
cases could have been a single impact with an object tall enough to engage
the beams.) The observed effectiveness for Standard 214 in collisions with

low objects was -4 percent.

The seédnd subgroup, collisions with trains, accounts for 11 percent
of "single vehicle" side impact fatalities. These collisions often involve a
fast-moving train'hi;ting a car at an angle close to 90 degrees, so there
is relatively little opportunity for beams to help the car be deflected.

The observed effectiveness of Standard 214 was -8 percent.

Rollovers and other noncollisions with principal damage to the side of
the car were not excluded from the FARS data analyzed in Chapter 6. The

observed fatality reduction for Standard 214 was -3 percent.

Finally,. collisions with yielding objects (fences) or nonfixed objects
(e.g., animals) account for a small number of fatalities - typically involving
complex offroad excursions or unusual fatality mechanisms. The observed fatality

reduction for Standard 214 was -5 percent.

The significant fatality reduction in crashes where Standard 214 could

be expected to have some benefit and the absence of a reduction 1n other
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crashes are stfdhg evidence that the life savings attributed to Standard

214 by the FARS analyses are, in truth, due to that standard.

10.4,2 Seriougrinjury reduction by type of object struck

Table'10—10 shows the NCSS injury rates in pre- and post-Standard
214 cars in siﬁgleévehicle side impacts, subdivided by type of object
contacted. Theugffectiveness estimates are remarkably consistent (although

statistically less precise) with the FARS results of Table 10-9,

Occupants’ of post—sténdard cars had a 25 percent lower rate of
fatality or hosbitalization than pre-standard car occupants in collisions
with tall fixed objects - poles, trees and buildings. It is nearly the
same reduction as was found on FARS. These collisions accounted for 79
percent of the p?eAStandard 214 fatalities and hospitaliza;ions in single

vehicle side impacts on NCSS.

An 80fperéent injury reduction was observed for Standard 214 in

¥

collisions with guard and bridge rails. The reduction, which is based on

small samples and is not statistically precise, is consistent with the high

fatality reduction, on FARS, in guard rail impacts.

In NCSS,'as on FARS, there was no effectiveness in collisions with
low fixed objects (culverts, ditches, embankments, abutments - observed
reduction ~21 percent) or movea?le objects (fences,‘small trees, small posts,

etc. - observed reduction ~14 percent).

10.4.3 Serious injury reduction by size/type of striking vehicle

Table 10-11 shows the NCSS injury rates in multivehicle crashes,

subdivided by type of striking vehicle: small cars, large cars, light truck,
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TABLE 10-10

' *
STANDARD 214 INJURY REDUCTION IN SINGLE VEHICLE
SIDE IMPACTS, BY TYPE OF OBJECT STRUCK, NCSS

Type of Object Struck

Large trees, poles or buildings

Guard or bridge rails

NCSS Codes

21-23, 28

Pre-Standard 214

N

R . *
%Z Injured

Post-Standard 214

Reduction for

~ Standard 214

@

25

Culverts, ditches, embankments, abutments

Moveable objecfs. small trees

*
Fatality or hospitalization

. *

N % Injured
1281 14.4
320 3.8
277 10.8
344 4.1
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TABLE 10-11

*
STANDARD 214 INJURY REDUCTION IN THE STRUCK VEHICLE IN MULTI-
VEHICLE SIDE IMPACTS, BY SIZE/TYPE OF STRIKING VEHICLE, NCSS

Striking Vehicle NCSS

, Codes Pre-Std. 214
N Z Inj.

Small car 1-2 1865  4.34

large car 3-5 3375 6.46

Light truck 6 633 11.85

Heavy truck/bus 7-12 257  19.46

*
Fatality or hospitalization

Post-Std. 214

N

3624

5962

1394

469

Z Inj.

3.34
5.85
9.18

21.32

ALL MULTIVEHICLE CRASHES

Reduction for
Std. 214

(%)
23
9

23

Pre

N

241
629
79

50

NEARSIDE OCC. IN COMPARTMENT CRASHES

~-Std. 214

% Inj.

12.03
10.81
27.85

30.00

Post-Std. 214 Reduction

N

394
1047
281

80

% Inj.

8.12
10.70
15.66

33.75

for sStd. 214
(%)
33
1
44

-13



heavy truck/bus. Injury reduction in all types of multivehicle side impacts
is shown on the left half of the table; for nearside occupants in compartmeﬁc

impacts on the right side.

The obsérved injury reduction for Standard 214 islhigh when the
striking vehiclé 1s a small (subcompact or compact) car or a light truck.
With small cars as the striking vehiclé, the reduction is 23 percent in allé
crashes and 33 ééfcent for nearside occupants in compartment crashes. When%
light trucks are:the striking vehicle, the injury reduction for struck |
post-Standard 214 cars 1s 23 percent overall, 44 percent fér nearside occupénts

in compartment crashes.

When the‘striking vehicle is a larger car, the effect on injury
rates in the struck car observed for Standard 214 is a 9 percent reduction
overall and a 1:ﬁgrcent reduction for nearside occupants in compartment
crashes. When ;he striking vehicle is a heavy truck or bus, a small increaée
in the struck car's injury rate is observed for Standard 214 (10 percent

overall, 13 percent for nearside occupants in compartment crashes).

The NCSS sample sizes are too small for these differences of
observed effectiveqess to be statistically significant. This is especially:
the case for the'ﬁearSide occupants in compartment crashes, vhere, moreoveré
the pre-standard injury rates for large cars and heavy trucks (as the |
striking vehicle) seem anomalously 10& in comparison with small cars and
light trucks. If thosé two injury rates had been higher, the effectiveness:

would not have been so low.

If the observed differences of effectiveness are, to any extent,

reflective of real differences rather than purely a result of statistical
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chance, the following explanations could be offered:

When a émall car is the striking vehicle, there might be certain
advantages for Standard 214. The small vehicle might be built low enough
that there is a good chance of sill contacts; moreover its 1ighﬁ frontal
structure is more.easily forced downwards, by the struck car's beam, into
the sill (see Section 9.6). Also, smaller cars tend to have softer frontal
structures and the struck car's beams may be strong enough to effectively

resist being crushed by that structure.

If a light truck is the striking vehicle, it will almost always be
high enough to significantly engage the struck car's beam and, in many cases,
high enough to dverride the sill. Thus, the beam in many cases gets no "help"
from the sill or other structures in resisting intrusion. Although beams are
relatively weak under these circumstances and post-standard injﬁry rates will
be high, pre—stahdard cars are even weaker and their injury ra£es will be
disastrous. Indeed, this is the patterﬁ that seems to develop in Table 10-11,
when the injury rates in tﬁe struck vehicle are compared forllarge cars as the
striking vehicle;aﬁd light trucks. Although.large cars and light trucks are of
roughly equal weight, the injury rate in pre-standard cars is twice as high

when a light truck is the striking vehicle.

Finally, Wﬁen a bulky, massive vehiclé such as a large truck or bus
hits the side of é'car; there will in most cases be contact over large pérts of
the car's side structure: pillars, roof rails, sills. The additional intrusion
resistance provided'By beams would be negligible under those circumstances, so a
low injury reduétion for Standard 214 would not be surprising. Moreover, when
the striking vehicle is massive, only a small portion of its momentum is lost in
the crash. Thus, the velocity of the occupant contact with the intruding door is
only marginally greater than Delta V -~ regardless whether the door is soft or

firm. ‘ ‘ “,
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All of these explanations, however, should be considered tentative
because the effectiveness differences in Table 10-11 are not -significant

and could be due to statistical coincidence.

10.5 Effectiveness as a function of accident, vehicle or occupant
characteristics

The following analyses of NCSS and FARS gemerally do not reveal
clear, significantidifferences in the effectiveness of Standard 214

across various accldent, vehicle or occupant characteristics.

10.5.1 Serious injury reduction as a function of accident, vehicle or
occupant characteristics :

In Section 7.5, injury rates in pre- and post-Standard 214 cars
were tabulated acfoss control variables - accident, vehicle and occupant
characteristics. In that section, the objective was to find the extent t;
which controlling for those variables would correct biases in the overall’
efféctiveness estimates. Another use for those data is to calculate
effectiveness of Standard 214 segératelx for each value of the control

variable to see If it differs significantly from value to value,

Thirteen potential control variables were defined in Section 7.5.2.
In this section, effectiveness is calculated across 9 of the 13. The 4 that

afe omitted are
o size of striking vehicle - already covered in Section 10.4.3°
0o nearside/farside - covered in Section 10.1

o NCSS céam - when the limited sample is subdivided seven ways,

the effectiveness estimates would be statistically meaningless
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o beam installation year ~ when the NCSS sample is split
7 ways, the results would be meaningless. In Section
10.5;2, effectiveness by installation year is calculated

in FARS, which contains a much larger sample.

The remaining variables include 2 parameters describing the
accldent, 4 vehiqlg descriptors and 3 occupant descriptors. The list does
not include PDéF, Delta V, extent of crush, etc. Since the values of these
variables are thémselves influenced by Standard 214, it is meaningless to
compare the pre- and post-standard injury rates for a particular value of

one of these variables (see Section 7.4.4 and Chapter 9).

Injury reductions for Standard 214 are calculated across each of
the 9 remaining control variables, for single vehicle crashes, multivehicle
crashes and nearside occupants in multivehicle compartment impacts. All
pre-standard and péét-standard cars on NCSS are used (no restriction of

vehicle age range) in order to maximize the available sample size.

What 1evel of difference 1n effectiveness values can be termed
significant? The éonfidence bounds for the overall effectiveness of Standard
214 in single vehicle crashes, based on the full NCSS file, were 20-44
percent (see Table 7—20) - 1.e., a tolerance of T 12 percent, with one-sided
&= .05. If the file is split into two subfiles of equai size, a difference
of 24 percent in thé Qbservcd effectiveness of Standard 214 on the two
subfiles would be significant with one-sided ® = .05. Since, in many of the
cases that follow, there is no prior expectation of which value of the control
variable should‘méke-Standard 214 more effective, it is best to use a

two-sided test, further increasing the critical level of difference to about
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30 percent. 1In other words, observed differences of effectiveness in

single vehicle crashes are of no significance unless they are at least 30
percent, This is Qnder the best case when the control variable splits the
file equally. -'A larger difference must be found if one value of the control

variable 1s more common than the other.

For multivehicle crashes, the critical difference is 25 percent.

For nearside occupants in multivehicle compartment impacts it is 40 percent. .

Moreover, if a significant difference is found in one type of
crash (e.g., multivehicle), the result may be of questionable validity if

-not supported by similar trends in the other two types of crashes,

Thus, even though NCSS was large enough to provide statistically
significant results on overall effectiveness, it is not large enough to
investigate differences in effectiveness for various subgroups unless those

differences are, in reality, large.

Table 10+1é shows the injury reduction for Standard 214 as a funct{on
of two accident parameters: urbanization and speed limit. S:andard 214 wasi
observed to reduce.the risk of fatality or hospitalization ﬁf 4 percent in |
rural single-vehicle crashes; by 54 percent in urban single-vehicle crashes.;
Similarly, the.observed effectiveness was 3 percent in single-vehicle crashes
on 55 mph roads; -45 percent on 1ower—speed roads., The magnitude and ’
consistency of thesé differences suggests that, perhaps, Standard 214 is
more effecctive, in single vehicle crashes, in a lower-speed environment. If -
s0, two explanatibns'for the difference could be offered: (1) Standard 214

effectiveness in single-vehicle crashes decreases as crash severity increases;
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TABLE 10-12

INJURY™ REDUCTION FOR STANDARD 214 AS A FUNCTION OF
ACCIDENT CHARACTERISTICS, NCSS

Injury* Reddction for Standard 214 (%)

In Single In Multiveh. Nearside Occupants in
Veh. Crashes ~ Crashes Multiveh. Compartment
Crashes
BY URBANTZATION
~ Rural accidénts 4 2 . 42
Urban accldents 54 17 24
BY SPEED LIMIT
5% mph - 3 26 ' 40
Less than 55 mbh 45 15 23

* ,
Fatality or hospitalization
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(2) A crash on a rural or high-speed road is more likely to involve a complex
of f-road excursion than a crash on an urban road ~ a crash mode where

Standard 214 is not effective (see Section 10.4).

In multivehicle crashes, on the other hand, theré is no significant
evidence of differences in effectiveness. The magnitudes of the observed
dif ferences are well below the critical values. Moreover, the results are
inconsiétent: lslightly higher effectiveness on urban accidgnts in all types
of multivehicle crashes; in rural accidents in compartment crashes; higher
effectiveness on 55 mph roads is inconsistent with higher effectiveness in

urban accidents.

Table 10-13 shows effectiveness of Standard 214 as a function of
4 vehicle parameters: vehicle weight, type of B pillar, body structure and
number of doors. Thefe are no significant differences of effectiveness as
a function of'vvhiclo weight: observed effecgiveness in singie vehicle
crashes s very slightly higher in heavy cars; in multivehicle crashes,
light cars. Similarly, the type of B pillar (genuine hardtop vs. full B
pillar) and body stfucture (body-and-frame vs. unitized) hés neither a

significant nor consistent impact on effectiveness.

Standard 214 does appear to be significantly more effective in
single-vehicle crashes of 4 door cars (617%) than for 2 door cafs {no change
in the injury rate). 1If indeed, Standard 214 is more effective in 4 door
cars, it could be éxplainod as follows: two short beams, with a strong

ventral post, may bé'moru cffective in deflecting fixed objects than one
Long beam. In mul;fvehiclu crashes, on the other hand, Standard 214 is

observed to be slightly (not significantly) more effective in 2 door cars
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TABLE 10-13

. ,
INJURY REDUCTION FOR STANDARD 214 AS A FUNCTION OF THE STRUCK
VEHICLE'S CHARACTERISTICS, NCSS
Injury* Reduction for Standard 214 (%)
In Single In Multiveh. Nearside Occ. in
Veh. Crashes Crashes Multivehicle
Compartment Crashes
BY VEHICLE WEIGHT
Less than 3500 pounds 25 14 29
3500 pounds or more 34 9 15
BY B-PILLAR TYPEﬂ

Hardtop (no ubper B-pillar) 15 31 34

Sedan, pillared hardtop (full
B-Pillar) : 31 9 15

BY BODY STRUCTURE
Body and frame : 47 18 25
Unitized or integral-stub frame 23 10 25
BY N OF DOORS

2 doors e 0 21 33
4 doors : 61 3 25

*
Fatality or hospitalization
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than in 4 door cars. One explanation for the inconsistency would be that
both effects (single and multi) are spurious., Another explanation is that é
the action of beéms°is different in multivehicle crashes: their primary
effect is to resist-intrusion, not deflect the striking vehicle (see

Chapter 9). If so, the wider the door, the more vuinerableAit is to an
impact that does not involve pillars -~ thus beams might have more of an

opportunity to resist intrusion on a 2 door car.

Table lQ—14 shows effectiveness of Standard 214 as a function of i
3 occupant paramé;ers:r belt usage, age and sex. There are so few belt |
users 1in NCSS and tﬁey are so/rarely injured that the effectiveness values
of Standard 214 for belt users are subject to extreme sampling error (i.e.,r
b 50-60 percent). Thus the comparisons of belt users and nonusers are
. subject to about tQice as large a sampling error as other comparisons; they:

show no consistent trend.

The observed effectiveness of Standard 214 is quite similar for
younger and older occupants and for males and females, suggesting no

differences across these variables.

10.5.2 Fatality reduction as a function of beam installation. year

In Sectibn 6.6, a regression was performed on fatality rates per
1000 car years in order to estimate the overall effectiveness for Standard ;
214. The indepéndeﬁt variables in the regression included BEAMS? whose
regression coefficient was used to calculate the effectiveness of Standard -
214 and T70, T70.5, T71, T72, T73 and T73.5 which flagged the model year in

which beams were first installed. The same data set can be used to
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TABLE 10-14

INJURY® REDUCTION FOR STANDARD 214 AS A FUNCTION
C OF OCCUPANT CHARACTERISTICS, NCSS

Injury* Reduction for Standard 214 (%)

In Single In Multiveh. Nearside Occ. in
Veh, Crashes Crashes Multiveh. Compartment
' Crashes
BY BELT USAGE
Unrestrained occ. . 22 14 19
Belt users (any type) 50 ~34 ' 68
BY OCCUPANT AGE
Less than 25 32 20 ‘ 27
25 or more , 15 13 . 25
BY OCCUPANT SEX
Male , 30 16 . 22
Female ‘ 15 13 ' 29

*Fatality or hospitalization
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calculate segarateli the effectiveness of Standard 214 for each of the 7
groups of makes and models having the same initial installagion year for
beams - e.g., for full-sized GM cars, which got beams in 1969, This is

done by adding; as independent variables in the regression, the interaction
terms BEAMS x T70, ..., BEAMS x T73.5. Then the coefficient for BEAMS is
used to calculate the effectiveness of Standard 214 for makes and models

that got beams in 1969; the sum of the coefficilents for BEAMS and BEAMS x T70

is used for models that got beams in 1970, etc.
The purpose of this analysis is twofold: to see if

(1) There is an age-related trend - i.e., 1f effectiveness
uniformly increased (or decreased) for cars getting beams in later model
years. A trend could indicate bilases in the overall analysis procedure or

a shift toward better (or worse) beams.

(2) There are significant differences in the effectiveness of
Standard 214 between the specific models that constitute the 7 installation

year groups.

Table 10-15 shows the observed effectiveness of Standard 214 in
single vehicle crashes and for nearside occupants in multivehicle crashes
for each of the‘7 installation year groups. Obviously, there is no
consistent trend from the top to the bottom of the table. nMofeover, there
are no significant differences across groups: the overall efféctiveness
estimate, according to Section 6.6 was accurate to about t 10 percent. As
a result, the estimates for individual groups are accurate to f 20 - 50

percent depending on the size of the group (full-sized GM cars accounted
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TABLE 10~15

FATALITY REDUCTION FOR STANDARD 214 AS A FUNCTION OF
MODEL YEAR IN WHICH BEAMS WERE INSTALLED, FARS 1975-81

(Based on regression of fatality rates per 1000 vehicle years).

Beam _ , Fatality Reduction for Std. 214 (%)
Installation : '

Year Principal Makes/Models Involved Single Veh.  Multiveh.

o All Occ. Nearside Occ.

1969 full~sized GM 3 1

1970 intermediate GM 14 4
mid 1970 Camaro - Firebird ) : 26 16

1971 full-sized Ford & Mustang-Cougar 9 -22

1972 intermediate Ford 15 , 23

1973 compact GM & Ford, Pinto, most AMC 9 =10

mid 1973 most Chrysler, VW 7 -13

*For full list, see Table 4-1
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for about 25 percent of the 1967-75 cars on the road; Camaro-Firebird for 4
percent). The variations of the estimates in Table JO—ISVnrv castly within
these limits. Theré 1s no basis for concluding that the beams installed in:

one type of car were more effective than those in other cars.

10.6 Summary
In single-vehicle side impacts, NCSS and FARS provide strong

evidence that Standard 214 is effective in collisions with tall, massive
fixed objects siuch as trees and poles and in collisions with guard rails
(Sections 10.4.1 and 10.4.2). It is not effective in complex offroad
excursions, collisions with moveable objects orlnoncollisions classified

as side impacts. lStandard 214 1is beneficial for both nearside and farside
occupants, but ﬁdst of the benefits accrue to the nearsidé pccupants
(Sections 10.i and 10.2.2 and 10.3). For nearside occupants;,Standard 214
is most effective in preventing lower body injuries-due to contact with a
car's side in;erior surfaces; but there also appear to be noteworthy
reductions of head and thoracic injuries due to contact with side surfaces,r
reduction of injuries due to contact with the car's frontal interior
surfaces, and fewer ejections (Table 10-5)., For farside occupants, Standaré
214 1s most effective in preQenting ejection; there also appear to be moderéte

reductions of. injuries due to contact with side surfaces and, perhaps,

alleviation of frdntal contact injuries. 1In short, for sing;e—vehicle crashes,
Standard 214 has ﬁot only accomplished its goal of reducing intrusion-relatéd
injuries (nearside o;cupants' lower body injuries due to side surface contaéts)
but also providgd numerous other benefits which, especially in the case of |

fatalities, together exceed the benefits of the first accomplishment.
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In multivehicle side impacts, Standard 214 is cffective only
when the impact is centered on the passenger compartment (Section 10.1).
Tt does not appeér;to be effective in crashes that just peripherally
damage the compartaent. Standard 214 is likely to be effective in reducing
ejection, but éjectees only constitute 5 percent of multivehicle side impact
casualtiles (Table'10«6). For nearside occupants in compartment crashes,
Standard 214 has substantially lessened the risk of lower body and thoracic
injury due to contact with side interior surfaces; there appears to have been
little or no effeét on head injuries or on injuries due to contact with
frontal surfacéé (Section 10.2.3). For farside occupants, there may have
been, at best, a moderate reduction of Injuries due to contact with side

surfaces. 1In short; for multivehicle crashes, Standard 214 has to a

significant degree accomplished its goal of reducing intrusion related
injuries (nearside occupants' lower body and thoracic injuries due to side
surface contaccé in‘compartment—centered impacts) but has provided few
other benefits. As a result, the overall injury reduction for Standard 214
is considerably lower in multivehicle than in single vehicle crashes; and
in the case of fatalities, where head injuries are of supreme importance,

Standard 214 cannot be expected to have much effect in multivehicle crashes.
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CHAPTER 11

THE ACTUAL COSTS AND BENEFITS OF STANDARD 214

One of the goals of the evaluation is to estimate the actual costs
and actual benefits of Standard 214 in a manner that allows a meaningful

comparison of costs and benefits.

The.§9§£_of Standard 214 is the average annual cost of the safety
equipmenﬁ which:was actually installed in response to the standard in cars
that are currently on the road (1982) - i.e. in cars of the past few
model years. gEquipment installed in response to the standard" includes
those items which were installed or modified in order to comply with the
standard (sometimes, possibly, exceeding its minimum requirements) and other
safety-related modifications in the side structure, if any, that were part
of a simultaneous paékage with the preceding items. All costs are expressed

in 1982 dollars.

Similarly, the benefits of Standard 214 are the fatalities and
injuries that will be prevented annually in highway accidents, as a consequence

of the safety modifications described above, when all cars meet the standard.

The anai?ses that follow estimate that the annual cost of Stan—
dard 214 is $610 million (which includes the cost of incremental lifetime
fuel consumption) and the annual benefits are the prevention of 480

fatalities, 9500 nonfatal hospitalizations and 15,000 nonserious injuries.
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11.1 The cost of Standard 214

The "co§£ of Standard 214" is defined as the net increase, duez
to equipment installed or modified in response to the standard, in the 1ife—
time cost of owhing and operating an automobile. There are two principai
sources of increased cost; (1) The consumer price increase due to adding
the equipment. (2) The lifetime increase in fuel cohédmption_@ue to the é

incremental weight of the equipment.

A procgdure has been developed for estimating the cost and
weight of equipment changes in resﬁonse'to NHTSA standards [56]. The pro;
cedure is based on component cost estimating techniqués that are widely iééd in
the automotive industry and it was used in all previous NHTSA_evaluationé of

safety standards. It is illustrated in Figure 11-1.

The vehicle systems relevant to a standard are acquired, torn

down and examined for a representative sample of post-standard cars and for

corresponding pre-standard cars,

ln the case of Standard 214, the principal change in vehicles
that could be attributed to the standard was the installation of side door
beams and their covers or pads, reinforcements and/or mounting flanges.

Furthermore, Hedeen reports the addition of a '"local reinforcement of the

B pillar to the floor area" in full-sized General Motors cars.at the tfme

of beam installation [39 1. 1In general, no other modificntions of pillafs
door locks and hinges, sills, window frames or rdof‘rails appeaf to havei
been performed ~ specifically, Hedeen stated pillars were not enlarged of
strengthened (excepﬁ locally at the floor area) and that door locks and ﬁinges,
(which had alreadyibeen strengthened in model year 1965) did not require;

modification [39].
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In fact, the major changes is'sidc structures thnt‘téok place

during 1965-75, especially the shift from hardtops to pillared cars, were n?t
necéssary for meeting Standard 214 and were typically made at least 2 model
years away fr;m the year that beams were installed (see Seétion 4.4.3). The
chief exceptlons would appear to be‘the Camaro and Firebird, which got full
B pillars simultaneous with beams and‘the Torino and Montego, which changed
from unitized to'body—and—frame construction in the year that. beams were |
installed. It 1s most unlikely, however, that those changes were made for
the purpose of Securing compliance wi;h the Standard or even as part of a

safety package motivated by Standard 214. Therefore, those changes have

not been Included in "the cost of Standard 214."

Since the door beams and the lower pillar reinforcements are
essentially "add-on" equipment that had no counterpart in pre-standard cars,

no further detailed teardown of the pre-standard cars was needed.

The weights, materials, processing and finishing of individual
components and theAassembly method are established. The tyﬁe, rough weight%
and finished Qeiéhc of material 1s determined for each detaill part, as welléas
the processing and'assémbly Labor rcduired, the scrap rate, machines and
tooling utilized, the production quantity and the amortizatioﬁ period.

These data are first used‘to calculate the total weight and varia@le

.cost of each head restraint in the stddy sample. As Figure il—l shows, the
variable cost includes direct material, direct labor and vafiable burden (s@e

(387, pp. 4-5). Next, the tooling cost per car 1s determined by dividing

the total expense for special tooling by the volume produced during the

amortization period ([381), p. 8). The dealer's wholesale cost is determined
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by adding, to the above, the manufacturer's fixed costs per car (including
indirect material énd labor and fixed burden, as defined in [38], p. 7); other
corporate costs sgch as engineering, selling and administration; and the
manufacturer's profit (p. 8). The percentage amount of manufactﬁrer's markups
is determined by taking the corporate average, in recent years, for wholesale
price relative to variable cost plus tooling (see [38], p. 6). Finally,
dealer markups for gxbenses and profits are added to the wholesale price

to obtain the con;umer price. The percentage amount of dealer's markup is
based on the ovefall éverage ratio of retail to wholesale price for the
particular make and model under consideration (see [387], p. 9 and [56],

pp. 9-11).

NHTSA contractors have performed cost analyses on side door beam

assemblies (but not pillar-to-floor reinforcements) in a total of 46 cars

(331, [34], [371, [56]. The cars date from model year 1973 to 1981 and include
a representative mix of domestic and foreign manufacturers, size groups and

2 door/4 door models. For this evaluation, the most recent car in each
manufacturer/size class has been selected, ylelding a sample of 15 cars

that are representative of automobiles sold in the United States during 1979-82.

Table 11-1 shows the cost (in 1982 dollars) and weight by side
door beam assemblies, for each of the 15 cars, as estimated in [33], [34],
[37], or [56]. Since the costs in [567] are stated in 1978 dollars and those
in [37] are in 1979 dollars, they had to be inflated to 1982 prices by the
use of the Consumer Price Tndex for automobiles. The index was 150.5 in
model year 1978, 159.8. in 1979 and 197 {in 1982. Thus, for example, the 1978

prices are inflated by 197/150.5.
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TABLE 11-1

COST AND WEIGHT ADDED BY DOOR BEAMS

Specimen
Vehicle

79
81
79
79
75
80
79
80
79
78
79
79
79
79

79

AMC Spirit 2dr
Plymouth Reliant & dr
Ford Pinto 2 dr

Ford Fairmont & dr

Ford Granada &4 §E

Ford Thunderbird 2 dr
Ford LTD 4 dr

Chevrolet Citation & dr
Chevrolet Caﬁgro'Z dr
Chevrolet Malibu 2 dr
Chevrolet Caprice 4 dr
Oldsmobile Téronédo 2 dr
Toyota Celica 2 dr
Toyota Corona'QQd;

Volkswagen Rabbit 2 dr

SALES-WEIGHTED AVERAGE

(1982 dollars)

1981 Sales of
Similar Cars

(000)

34
347
378
233
154
99
166
692
147
1360
534
‘141
120

22

162
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Door Beams Added

Cost

$30.94
22.17
23.51
31.89
39.06
23.75
33.31
24.24
34.89
25.00
39.91
34;48
34.96
35.32

25.91

$28.29

Weight

33.33 poundsi
19.40 '
24.42
21.58
22.70
19.77

21.45

22,52

41,25
28.60

26.38

38.88

35.38

25.74

20.3

26,10 pounds;



Table 11-1 shows the 1981 calendar'year‘sales of cars of the
same manufacturer/size category as the cars in the study sample. For
example, 347,066 Plymouth Reliants and Dodge Aries were sold in 1981. The
sales figure'cdrresponding to Chevrolet Malibu includes sales of Monte Carlo,

Grand Prix, Cutlass Supreme and Regal, which had nearly identical beams [37].

The sales-weighted averages of the 15 cost and weight estimates

for side door bedm assemblies are:
o $28.29 (in 1982 dollars)

o '26r10 pounds

No cost and weight estimates were obtained for the reinforcements of
B pillars at the floor area in cars of the first model year with beams. A
picture in Hedeen{s paper of the reinforcements used in full-size 1969 GM cars
suggests that,they were a low cost item (relative to the side door beam assembly),
probably costing less than $2 and weighing less than 2 pounds per car [39].
(NHTSA contractors did cést analyze B-pillar assemblies of 3 recent
automobiles - 1980 Chevrolet Citation, 1980 Ford Thunderbird- and 1981
Plymouth Reliant [33], [34]. Only the Citation contained reinforcements,
which weighed 0.45 pounds and cost 57¢. However, by 1980—81; some of
the strengthening required for Standard 214 might have been designed
into the pillar itself, so the cost of the reinforcement might
not indicate the full cost added by the standard.) It is assumed that the
reinforcements illustrated in Hedeen's paper are typical of those initially
used in other cars, ‘that an equivalent cost and weight was designed into

the pillars themselves if the reinforcements were dropped in subsequent

redesigns, and that the full cost and weight of Standard 214 is the sum of the
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door beam assembly and these reinforcements. The average cost and weight

per car for Standard 214 would then be approximately

o $30 (in 1982 dollars)

o 28 pounds

Each incremental pound of weight added to a car results in the
consumption of an average of one additional gallon of fuel over the lifetime
of a car [29], pp. VIT-43-46. Table VII-16 of [29] calculates the discounted
present value of cénsuming an additional gallon of fuel over.the lifetime of
a car. When the'costs in that table are changed to reflect 1982 fuel priceé
($1.32 per gallon in February), it is found that each incremental pound of

weight adds $1.093 to the discounted lifetime cost of operating a car.

In other words, the average cost of Standard 214 is approximately

o $61, lifetime per car.

Since an average of 10 million passenger cars are sold annually in

the United States, the total cost of Standard 214 is about $610 million perr

year.

Secondary ?ehicle welght iﬁcreases are sometimes needed to supporﬁ
the weight added to certain parts of a car by a safety device; The literatﬁre
does not mention aﬁy secondary weight being added by Sfandard 214 - Hedeen
specifically stating tﬁat a general beefing up of side structﬁfes was un-
necessary. The preceding estimates of Standard 214 weight aqd cost already
include an al]owancé of 2 ﬁounds and $2 for local reinforcement or
strengthening of pilla£s. Also, the beam is located near the center of the car
and does not exert a iarge moment on the frame. For these reasons,

secondary weight has not been included in the preceding calculations.
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NHTSA's preliminary evaluation of Standard 214 estimated cost
and weight increases of $30 (in 1977 dollars) and 36.1 pounds [46]. When
these costs ére;inflated to 1982 dollars and 1982 fuel prices are used,
those estimatéa correspond to a total lifetime cost of $87, which is $20

more than the estimate presented in this evaluation. There are 2 reasons

for the change:

(1) The preliminary estimate was based on 1973 models; the
current estimate, on more recent cars (1975-81). As a result of downsizing

and some design simplifications, the real cost of‘Standard 214 has decreased.

(2)‘The preliminary estimate included very high costs and weights
for GM intermediate-sized cars, which changed from hardtoﬁs fo "colonnade"
styling with massive B pillars iﬁ 1973. The incremental cost and welght
of the B pillars was included in the preliminary evaluation and in the
contractor's study [561. Since, however, beams were installed in those
cars 3 years before the B pillar change and since there is no evidence that
the installation of massive B pillars was necessitated of motivated by
Standard 214, the;r incremental cost and weight has not béen counted in

this evaluation.
On the other hand, this evaluation includes a cost and weight
for reinforcements‘of B pillars at the floor level, which the preliminary

estimate did not.

11.2 The benefits of Standard 214

In Chapters 6, 7, 8 and 10, the '"best" estimates of Standard 214

effectiveness were:
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0 A 14 percent reduction of fatalities in single vehicle side

impacts. (See'Section 6.7. That estimate rises to 23 percent if noncollisions,

grade-crossing accidents, etc. are not counted among the side impacts -~ see

Section 10.4.1.)

o A'2S_percent reduction of fatalities and hospitalizations in

single vehicle side impacts (see Section 7.8).

o A 25 éercent reduction of fatalities and hospitalizations for
nearside occupants in multivehicle compartment impacts. (See Section 7.8.
This amounts to én‘8 percent overall reduction of fatalities and hospitalizations
in multivehicle side impacts.)

o An 8 bercent reduction of level "B" injuries in multivehicle

side impacts (see Section 8.3).

The benefits of Standard 214 - the number of casualpies that willé
be prevented annually when all cars meet the standard - is the product
of these percentages and the numbers of casualtles that ygglg be occurring
annually if no cars met the standard. The latter numbers, however, are

unknown and must themselves be estimated from the same accident data.

The evalugtion of energy absorbing steering columns presented
analytic techniquég for estimating, simultaneously, the benefits of a standard,
the number of casuqlties that would be occurring if no cars met the standard,
and confidence boqnds for benefits ([44 1, pp. 184-187, 193-194 and 203-209).

These techniques, with minor changes, also work for Standard 214,
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11.2.1 Fatality reduction

The Benefit of Standard 214 is the number of fatalities that
the standard wodld have prevented in 1980 if all cars on the road were in
compliance; 1980 is selected as the "base" year because it 1s the last
year for which fhe Fatal Accident Reporting System contains complete
data and also because there were no anomalous circumstancgs that
made fatalities Qnusually high or low. The benefit is theldifference of
D, the number of automobile occupant deaths that would havé occurred in
single vehicle side impacts in 1980 if no cars had met Standard 214 and

D+, the number that would have happened if all cars had complied. Now;

-t . F, F
+ [+ PR
._- by . { ‘ *\!——.-
t '.( * F+Fe g7rfr ¢

H = |
where: |

£~ = single vehicle side impact fatalities in prg-Standard 214 cars,

FARS 1980 = 775

= single vehicle side impact fatalities in post-Standard 214 cars,

‘FARS 1980 = 1974

E = éstimuted effectiveneés of Standard 214 (from Table 6-3) = ,143

T
o
it

single vehicle side impact fatalities in cars with unknown

Standard 214 status, FARS 1980 = 161

[+

F,o= [~ +
B

Fy =:aut0mobile occupant fatalities 1n single vehicle crashes
that are not side impacts, FARS 1980

= 10824
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FO = gutomobile occupant fatalities in single vehicle crashes -

unknown LImpuact type, FARS 1980

= 390
-, f+ :
Fp= 7+ 2 4 T g0
1 -~¢ f=+ 1 '

Thus:
D™ = 3360 fatalities
+ -
D = (l-g) D™ = 2880
Benefits = D~ - DT = 480 lives saved annually
Note that D~ = 3360 is also used in Section 3.1.1 as an estima;e of the

number of fatalities that would be occurring in single vehicle crashes in

the absence of SCanddrd 214.

Confideﬁce bounds for the benefits and D™ can be'obtained
by noting that the efféctiveness estimate £ 1s based on 7 years of FARS
datar(l975-81). Each individual year of FARS is a subsample of the data.
In Section 6.3.3, the effectiveness was calculated separatély for each
year of FARS data; the results are shown in the left column of Table 11-2.
Each of thesé effecﬁiveness estimates;E;can be used with the breceding

formulas to obtain 7. individual estimates of D~ and Benefits. It is important

to note that only the
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TABLE 11-2
ESTIMATION OF BENEFITS OF STANDARD 214,

FOR 7 CALENDAR YEARS OF FARS DATA

" Observed effectiveness Estimates based on observed E:

Calendar Year ' of Standard 214
of FARS £ b Benefits
1975 : .084 3194 268
1976 .204 3557 , 726
1977 : .085 3197 272
1978 026 3051 79
1979 .186 3496 651
1980 .205 3596 730
1981 » 150 3380 - 507
X 3348 462
S 203 246
SIF 77 93
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values of € are changed in making the estimates of D  and benefits. The
values of 7, f+{ f“, Fx and FO are always the same census statistics from
the 1980 FARS ftle - the objective beiﬁg to estimate the number of fatalities
that would have occurred in 1980. The 7 estimates of D™ and benefits are
shown in the righ§“columns of Table 11.2. The standard deviqtions s of the

7 estimates are also calculated and shown in the table.

A lower confidence bound for benefits (one-sided < = .05) is given by

Benefits - 1.943 s(benefits)/V 7

= 480 - 1.943 x 93 = 300 lives saved annually

The upper bound 1s
Benefjts + 1.943 s(benefits)/J 7 = 660 lives saved annually (Note

that 1.943 1is the 95th percentile of a t distribution with 6 df.)

The lower confidence bound for the number of fatalities that would

have occurred in 1980 if no cars met Standard 214 is

D™ - 1.943 s(d)/ T

= 3360 - 1.943 x 77 = 3210 fatalities

The upper bound is

D™+ 1.943 s(d7)/ 7 = 3510 fatalities

These are the confidence bounds reported in Section 3.1.1.

11.2.2 Hospitalizations

The benefit of Standard 214 is the number of hospitalizations that
the standard would have prevented in 1980 if all cars had been in compliance.

The National Crash Severity Study data were collected in 1977-78, a period
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when accident conditions were reasonably similar to 1980.  These benefits are

multivehicle 9omgaftment impacts and finally, for various other combinations.

The NCSS file contains n = 3267 (weighted) occupants of cars,

involved in single-vehicle side impacts, for which the car's status with
respect to Standérd'214 could be identified. The multivariaﬁe model selected‘
in Table 7-10 predicted that ys = 345.87 of these persons wogld have been

killed or hospitaiized if all cars complied with Standard 214. The standard
deviation of this estimate was Sy = 14.25. It predicted that xi = 518.12
persons would have been killed or hospitalized if no cars met the standard;

s, = 43.14. In other words, the model attributed a 34 percent (1- 345.87/518.12)

reduction in serious injuries to Standard 214,

The discussion in Chapter 7, however, indicated that the model may
have failed tolcgr?éct for certain biases Iin the injury rates, the;eby over-
predicting the effectiveness and the pre-standérd injury rate. The "best"
estimate for effectiveness was said to be 25 percent. Thus,.a better estimate

for the number of casualties if no cars meet the standard is given by

/7 ‘j,‘-

Xgp = ‘7-:TEE' = 461.16

s/
Although x4 1Is not really a statistical estimate and a standard
deviation, as such, cannot be calculated, it is intuitively reasonable to
Ve .
feel that x4« has the same precision as xx. Thus, Sy = 43.14 is used as

the standard deviation of x{las well.
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The benefits of Standard 214 are

Bl=(";—‘ " )N"{:’"

/ .
where x4 , Yyx and n were defined above,

N = U.S. number of automobile occupants in single-vehicle
side impact towaways, 1980 '

t = fraction of hospitalizations occurring in towaways
and
. F PV
iR el i 2
b W
where

n = (weighted) NCSS occupants in single vehicle side impacts in

cars:with known Standard 214 status = 3267
" F = automobile occupant fatalities on FARS 1980 = 27,442

f = automob{le occupant fatalities on NCSS = 943

-]
il

(unweighted) occupants on NCSS = 24,976

P, = (unweighted) occupants on NCSS in cars with known crash

modes = 19,856
Vv = (unweighted) cars in side impacts on NCSS = 5578

Vi = (unweighted) cars in side impacts onrNCSS with known

Standard 214 status = 5394
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In other words, N is computed by multiplying each NCSS case by the ratio of
FARS 1980 fatalities to NCSS fatalities and then adjusting this product for

missing data on crash modes and Standard 214 status.

Finally,
141y
1629

t =

which was the ratio of K + A injuries in towaways to all K + A injuries in
Oakland County, Michigan, in 1973. This ratio was shown in the steering

column cevaluation ([ 44 ], p. 185) to apply to hospitalizations as well.

Thus, benefits,

p VvV I
/7 o —— —
B = G~y F T, Vi T
~ 27,44 L 24. 916 557% ¢ La
= (461.16 -345.87) =g 14,856 5394 ERE]

i

5028 fatalities and hospitalizations in single vehicle crashes

per year.

If no cars had complied with Standard 214 in 1980, these would have been
P {
Fie t

hospitalizations Iin single vehicle crashes. This is the estimate used in

7

Vv
D] = X% '7£~ v = 20,100 fatalities and
<

Section 3.1.2.

Confidénce bounds for benefits can be obtained by noting that the

relative variance 1s approximately

T | P-Pe VYo 162g-141

e

2
vZ (B)) AT " P €19 -1M)4

,1553 + .0011 + negl. + negl. + .0001

i

i

.1565
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The standard deviation of B, is

1

SBl = ,’.1565 B, = 1989

4

Note that the first term in Vz(Bl) is derived from a t distribution with
9 df and the remaining terms are several orders of magnitude smaller. For
all practical purposes, By is derived from a t distribution with 9 df. The

lower confidence bound for benefits in single vehicle crashes is

By - 1.833 sg = 1382 fatalities and hospitalizations

The upper bound 1is

By + 1.822 SB.= 8674 fatalities and hospitalizations

Similarly, the relative variance of Di , the number of casualties

in 1980 if no cars meet the standard is

2 ~ 5),& { P—P,c + V—-V‘( - “Z_‘[—'I‘ffq
oD Y =Xt Tt Ty T e i
”~

i

L0088 + ,0011 + negl., + negl. + .0001

= .01

Since

sp, = /01 b = 2010,

the lower confidence bound for D: is

0} = L.833 55 = 16,400
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and the upper bound is
D] + 1.833 sp, = 23,800

Those are the confidence bounds shown in Section 3.1.2.

The estimation process for nearside occupants in multivehicle
compartment impacts 1s identical to the one for single vehicle crahses. The
NCSS file contains 3152 (weighted) nearside occupants in multivehicle
compartment impacts of cars with known Standard 214 status. The multivariate
model selected in Table 7-16 predicted that y, = 338.40 of these would have
been killed or hospitalized if all cars had met Standard 214 - with standard
deviation sy = 22.29. 1t predicted xx = 479.96 casualties if no cars had
met Standard 214 - with sy = 45.91. Again, other evidence presented in
Chapter 7 suggested that the model overpredicted injuries in p;ertanda:d cars
and that the best estimate of effectiveness was 25 percent. .Thus, a more

suitable estlmate of casualties if no cars meet Standard 214 is

g I . 451,20
X = T ———— = L]
* ‘ - /lg
The benefits are
PV
Y t

N =
BZ.= (x*‘— y}_) :‘?' P

«

™

‘ . . 27,44 v W47 5578 16249
(451.‘2 .-338.4) 793 14 §5¢ 5394 (414

[

49l9lfatalities and hospitalizations per year
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If no cars had complied with Standard 214 in 1980, there would have been

- PV -
Do = x*/ *r;'- %._{T = 19,700

£
£

S

fatalities and hospitalizations of nearside occupants in multivehicle

compartment impacts. This is the estimate used in Section 3.1.2.

Confidence bounds for By and Dj, are calculated by the same
' e
formulas as for single vehicle crashes, changing only the values of x,,

Yis Sy and Sy

Sp, = 2232

and the confidence bounds for benefits are 828 to 9010.
SDZn 219

and the confidence bounds for DEB are 15,800 to 23,600, as shown in

Section 3.1.2.

The number of casualties that would have occurred in all types of
multivehicle side impacts in 1980 if no cars had met Standard 214 is similarly
calculated. The multivariate model in Table 7-13 yielded predictions of

Yy = 1129.42, s = 45.23, x, = 1293.87, sy = 53.79. The "best" estimate

y
of effectiveness in all types of multivehicle crashes, hbwevéf, was 8 percent.

Thus, a more suitable estimate of casualties on NCSS if no cars meet

Standard 214 1is

e Y x
Xy = et = 1227.63
* | —.08
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If no cars had complied with Standard 214 in 1980, there would

have been
- F PV
Dy = 1227.63 T P Vo ¢ = 53,500

fatalities and hospitalizations in all types of multivehicle side impacts,

as shown in Section 3.1.2,
- = 2981
D, 77

and the confidence bounds for D; are 48,100 - 59,000.

Finally, the benefits for single and multivehicle crashes, combined,

are

B = By + By = 5028 + 4919 = 9947 fatalities and hospitalizations

The standard deviation is

2 2%
= (S5 + 8
B ( B]. Bz )

wn
t

]

) 1
(19892 + 2232%)* = 2990

The estimates for single and multivehicle crashes are essentially independent
from one another and are derived from t distributions with 9 df. The combined

benefits, which are the sum of the two estimates, are derived from a t

distribution with degrees of freedom:-

b b 4
df = sy /(Sy /9 + 8y /9) = 17
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Therefore, the confidence bounds for benefits are

B Y 1.74 S = 4744 to 15150 fatalities and hospitalizations where

1.74 is the 95th percentile of a t distribution with 17 df.

Tn Section 11.2.1 it was shown that Standard 214 saves 480 lives .
per year. An estimate of the nonfatal hospitalizations eliminated by

Standard 214 1s obtained by subtracting 480 from the above benefits. Thus,

Standard 214 eliminates 9467 nonfatal hospitalizations per year (confidence

bounds 4264 to 14,670).

The number of casualties that would have occurred in single and

D™ = D] + Dj = 20,100 + 53,500 = 73,600 fatalities and hospitalizations.

The standard deviation is

2
SD = (SD_

2
+ SD_ )Lf
1 2

3
= (20112 + 2981%)*% = 3598

This sum of essentially independent t distributions, with 9 df each, has

degrees of freedom

4 4 4
df = Sp- /(sDI /9 + sDE /9) = 15

Therefore, the confidence bounds for overall casualties are

p t1.753 Sp = 67,300 - 80,000 fatalities and hospitalizations

396



where 1.753 is the 95th percentile of a t distribution with 15 df. These

are the values shown in Section 3.1.2.

11.2.3 Nonserious injuries

It was shown in Chapter 8 that Standard 214 significantiy reduced
K, A and B 1ev¢i injuries in multivehicle side impacts in Texas. Moreover,
the reduction appeared to be of roughly the same magnitude as the

reduction of hospitalizations in NCSS.

In the preceding section, it was estiméted that Standard 214
eliminates 4919 hospitalizations per year in multivehicle‘crashés.
Hospitalizations and level "K or A" injuries are about equally common.

Table‘8~2 shows'tﬁat there were exactly 3 times as many level'“B" injuries

in Texas multivehicle side impacts of pre~Standard 214 cars as there were

"K or A." Since 1gve1 B injuries are 3 times as common as hogpitalizations

and Standard 214 1s about equally effective for both types of injuries, the
standard should eliminate about 3 times as many B injuries as hospitalizations -

i.e., about 14,800 B injuries per year in multivehicle crashes.

This should be considered a rough estimate. No confidénce bounds
have been calculatedf It would have been possible to develop relatively
narrow statistical confidence bounds based on the sampling error of the
Texas results (see“Table 8-2), but they would have understated the actual
uncertainty inherent in estimating a national total from the data of a

single State.
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1.2.4 Summary of benefits

" Table 11-3 summarizes the benefits of Standard 214 and their

confidence bounds, as estimated in Sections 11.2.1 - 11.2.3."

11.3 Cost~effectiveness

A method to assess the cost-effectiveness of a standard that
saves lives and prevents serious injuries was developed in NHTSA's

evaluation of energy-absorbing steering assemblies [44], pp.‘211—214.

The benefits of a standard are expressed in Equivalent Fatality

Units (EFU). Each‘life saved is a benefit of 1 EFU. Each person who avoids
nonfatal hospitaiization is assigned a benefit of 0.0592 EFU. This assign-
ment is based on.a recent assessment of average cost of the injuries of
persons who were hospltalized after a crash. (Néte that the steering column

evaluation assigned a benefit of 0.05 EFU per contact source that caused an

injury requiring hospitalization [44], p. 212. Tﬁe figure of .0592 used
here differs from the steering cplumn evaluation because it is the benefit
per hospitalization eliminated, not per contact source of hospitalizing
injury. Also,'it is based on more recent injury cost data.) The sum of

the annual benefits, expressed in EFU, is divided by the total annual cost.

The number of EFU eliminated per million dollars of cost is a single figure
that expresses the_éost effectiveness of a standard that saves lives and
prevents scrious injuries. It allows a direct comparison with other standards

that also save lives and prevent serious injuries, but in varying proportions.

Standard 214 is estimated to save 480 lives per year (see Table 11-3);

this is a contribution of 480 EFU. Tt eliminates an estimated 9467 nonfatal
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TABLE 11-3

ANNUAL BENEFITS OF STANDARD 214

Best Standard Degrees of Confidence
Estimate Deviation Freedom . Bounds
LLIVES SAVED
In single—vehicie crashes 480 93 6 o 300 to 660

NONFATAL HOSPITALIZATIONS ELIMINATED

In single—vehiclé prashes 4548 1989 9 902 to 8194
In multivehicle crashes 4919 2232 9 828 to 9010

Subtotal 9467 2990 17 4264 to 14670
"B" LEVEL INJURIES ELIMINATED

In multivehicle crashes 14,800 - - -

*One—sidedo(F .05
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hospitalizations; eéch of these contributes 0.0592 EFU, sovthis is a contri-
butioh of 560 EFU. VThus, the total benefits of Standard 214 are 1040 EFU.%
(Table 11-3 also 1ndicate3 that Standard 214 eliminates 14,800 nonserious :
1nju?ies, but that benefit has not been counted in the calculation of EFU.Z
Similarly, 1nrthé evaluation of head restraints, minor injuries were not

“expressed in EFU [45], pp. 245-250.)

‘In Section 11.1, the annual cost of Standard 214 was estimated té
be $610 million. Since the standard eliminates 1040 EFU and costs $610

million, the cost-effectiveness is

l%%% 'F'1.7 EFU per million dollars

Confidencé'bounds for cost~effectiveness are calculated as follogs:
the number of EFU eliminated by Standard 214 is the sum of the benefits. in :
fatal and nonfatal injurles. Each of these benefits 1s an estimate derived

from a t distribution. From Table 11-3:

bg

lives saved = 480

b, = nonfatal hospitalizations prevented = 9467
b = benefits in EFU = bg + 0.0592 by = 1040

sf = std. dev. of bf = 93

df = df for estimate of bf =‘6

sp = sfd.‘dey. of bp ; 2990

dn = df for estimate of bp = 17

Now let
s = standard deviation of b

= (562 + (.0592 5)%)% = 200
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d = degrces of freedom for b

= sh/ (s.h/d. + (.0592 5 )4/d ) = 22

Thus, the total benefits of Standard 214, expressed in EFU, are

derived from a t distribution with 22 df. A lower confidence bound for

benefits (one-sided &= .05) is given by

b - 1.717 s = 696 EFU,
where 1.717 is the 95th percentile of a t distribution with 22 df.

b+ 1.717 s = 1384 EFU

The lower confidence hound for cost-effectiveness is

696 = 1.14 EFU per million dollars
610
The upper bound is

1384 2.27 EFU per million dollars

610

g
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