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ABSTRACT 

The Stanford Research Institute Crash Analysis Team investigated 

39 vehicle accidents in depth as part of the study, "General Multidisci­

plinary Accident Study: Pacific Northwest." 

Summary statistics and clustering data analysis techniques are used 

in the examination of primary and contributing causes of the 39 accidents 

and resultant injuries. Analytic results are given for human, environ­

mental, and vehicle factors. 

The 39 accidents are evaluated with respect to compliance to current 

Federal Motor Vehicle Safety Standards and Highway Safety Program Stan­

dards. Recommendations for the revision of standards are made. 
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SUMMARY 

The Stanford Research Institute Crash Analysis Team (SCAT) inves­

tigated 39 vehicle accidents in depth under the contract "General Multi­

disciplinary Accident Study: Pacific Northwest."' 

Accidents meeting contractual requirements relating to severity and 

to involvement of late-model vehicles were carefully analyzed in order 

to determine accident causes, to identify injury causes, and to evaluate 

the effectiveness of relevant safety features, Federal Motor Vehicle 

Safety Standards and Highway Safety Program Standards, SCAT developed 

investigative techniques to facilitate collection of pertinent information. 

The study gives particular attention to accident causation. Driver 

error was regarded as the primary cause in 37 of the 39 accidents, A 

vehicle defect (locked steering) and an environmental problem (nonfunction­

ing traffic signals) were primary causes in the other two. 

Secondary causes, those contributing to accidents, were vehicle 

factors such as bald tires, tire incompatibility, road-wheel oscillation, 

improper repair of the vehicle, wide C-pillar blocking visibility, and 

directional instability due to rear wheel lock-up. Environmental secondary 

causes were such things as phantom vehicle maneuvers, wet and slippery 

pavement, obstruction from trees and construction equipment, intersections 

without traffic controls, and poor road design and maintenance. 

Primary human causes of accidents included inattention to the driving 

task, disregarding signals, following too closely, excessive speeding for 

conditions, misjudging other vehicle motions, losing control in. panic 

situations , and losing consciousness. Nine out of a total of 79 drivers 

studied had used alcohol or other drugs. Four drivers had a blood alcohol 

level over 0,15 percent (legally intoxicated under California law). 
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Of the drivers at fault, 28 out of 37 were male . Drivers that were 

found to be at fault fell into four age groups . Males tended to be at 

fault in the age groups of 17 to 28 and 48 to 62 whereas a proportionately 

larger number of females were at fault in the groups of 28 to 48 and over 

70 . Of the young drivers (16 to 19 years old) , 46 percent had received 

citations, and 23 percent had been in previously reported accidents. 

Their restraint useage was higher than national figures, and they had all 

taken driver training. Older drivers (70 years and older) seemed to be 

typical of all drivers SCAT investigated. 

Injury causation was also studied . Seventy-six of 114 people suffered 

injuries. Eight were fatalities. Injuries by severity and anatomical 

areas are related to points of vehicle contact . Some of our findings are 

included here: head injuries were often minor injuries resulting from 

contact with windshields; neck injuries consisted of sprains of various 

types often occurring without known contact; thorax region injuries were 

a result of pulmonary edema and congestion, intrusion into the occupant 

compartment, or contact with the steering-wheel column; abdominal, spinal 

and pelvic injuries resulted from contact with seat belts, doors, and 

seat backs; many knee injuries occurred despite the use of lap restraints 

(contacts were with the lower instrument panel and steering column). 

Clustering, a methodology for the categorization of multivariate 

data into groups to determine important subpopulations, interrelation­

ships, and characteristics was developed and used to examine SCAT ' s 

traffic accident data . Forty-five variables to describe each data case 

(information about the vehicle, environment, and driver) were selected. 

The statistical analysis resulted in eight clusters. Interpretation of 

some of these clusters produces the following information: for accidents 

occurring on freeways and expressways at speeds of over 50 mph, single 

vehicle rol lovers, loss of control , driver error, traversable medians, 

and environmental defects were injury-correlated factors; accidents 



occurring in the rain tended to involve drivers under 30 who did not use 

the route regularly; where rain was heavier , injuries and vehicle damage 

were more severe and more vehicles were involved; drivers with many 

previous citations and drivers who had been drinking or using drugs used 

restraints less than other drivers. Attention was paid to the choice of 

variables used for accident analysis and adaptation of clustering tech­

niques . This is one possible approach to segregating Highway Safety 

Research Institute (HSRI) accident data in order to determine the causes 

of death and injury on the road, 

Federal Motor Vehicle Safety Standards relevant to accidents inves­

tigated by SCAT were examined, The standards on theft protection, pro­

tection for the driver from steering control system impact, and steering 

control rearward displacement appear to be satisfactory, and no changes 

are suggested , Slight upgrading is recommended for standards on tire 

selection and occupant protection in interior impact . In particular, it 

is recommended that the standard on hydraulic brake systems be upgraded 

to require stable braking at maximum deceleration; that the standard on 

glazing materials provide for better material for side windows to reduce 

injuries from flying glass; that the standard on anchorage of seats be 

modified to specify a test procedure that allows for the inertia forces 

of the seat plus occupant; and that the standard on fuel systems be ex­

tended to minimize damage and fuel leakage in rear-end and lateral 

collisions and to provide protection to fuel systems vulnerable to damage 

from below . The need for the standard on side-door strength is clear, 

but it was not possible to evaluate the effectiveness of the standard 

in preventing injury . The standard on occupant crash protection is in a 

different category than other vehicle safety standards because its 

effectiveness depends on voluntary use of restraints . Restraint use may 

depend on convenience and comfort, design factors that are under the 

control of the manufacturer , not the standard . 
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National Highway Safety Program Standards were also analyzed in 

relationship to the accidents investigated. The standard on motorcycle 

safety, that requires riders to wear helmets to reduce head injuries, 

should be enforced by all states. Driver education and driver licensing 

standards are not completely meeting the needs they were designed for . 

High-school trained drivers were in more accidents, had their license 

s uspended more times, and had proportionately more traffic citations 

than drivers without driver education and driver training. Age is ari 

important factor here, however, since those who had had driver's training 

were under 30 years old. Some drivers are driving without licenses, while 

others should have had their licenses reevaluated. Accident locations 

are being identified, but appropriate measures are not always being taken . 

The accuracy of traffic records is questionable when information is in-

correctly recorded or when minor accidents are not reported. While most 

design, construction, and maintenance problems of roadways are known, 

there are problems in funding and in the citizen reluctance to incur new 

traffic or noise. 

Conclusions and recommendations are given throughout the report. 
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I INTRODUCTION 

This is the final report of research conducted by the Stanford 

Research Institute Crash Analysis Team (SCAT) under Contract DOT-HS-199-

2- 319 with the Department of Transportation, National Highway Traffic 

Safety Administration, Washington, D.C. This report documents research 

activities conducted during the period from 1 April 1972 through 30 June 

1973. * The study is entitled, "General Multidisciplinary Accident Study: 

Pacific Northwest." 

A. Objectives and Scope 

The project was conducted to investigate in depth a limited number 

of accidents involving late-model vehicles. The study of each accident 

included careful analysis of three groups of factors--the human, environ­

ment, and vehicle factors. Within each of these three groups, factors 

were investigated for pre-crash, crash, and post-crash effects . Through 

the interaction of individuals possessing expertise in relevant disciplines, 

the objectives of the contract were carried out. 

* 

The objectives of this research were 

• To determine accident causes . 

• To identify injury causes. 

Individual reports on each case, SRI 2-001 through SRI 2 - 040, were is-

sued throughout the study period . For example, the first case is re­

ported as "Mu 1 tidiscipl inary Accident Investigation: Case No . SRI 2-001," 
U.S . Department of Transportation, National Highway Traffic Safety Ad­

ministration, Washington, D.C . 20590 . Summaries of all the individual 

cases are reprinted in Appendix E of this, the final report . 
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• To clinically evaluate the effectiveness of relevant safety fea­

tures. 

• To clinically evaluate relevant Federal Motor Ve hicle Safety 

Standards. 

• To clinically evaluate relevant Federal Highway Safety Program 

Standards. 

• To detect early design and function problems of the vehicle and 

the highway. 

The studies consisted of a reasonable and balanced distribution .of 

fatality, injury, and property damage producing collisions characteristic 

of the area. For a collision where the only damage was to property, it 

was stipulated that at least one vehicle had to be damaged enough to need 

towing from the scene. 

Conclusions and recommendations given in this report are based on 

the in-depth investigation of 39 accidents, and they are not necessarily 

statistically valid for the entire population of motor vehicle accidents. 

B. Organization of the Report 

Section II covers investigation techniques. These include notifica­

tion procedures and tools developed to facilitate data collection. The 

traffic reference library, literature searches, and statistical analysis 

are also discussed there. 

Characteristics of the study area are discussed in Section III. 

Background accident data for the study area are compared with the 

accidents investigated by SCAT. 

A detailed discussion of results is in Section IV. Emphasis is 

placed on accident causation and occupant injuries. The clustering tech­

nique of data analysis is described briefly, followed by a detailed de­

scription of its application to accident data. 

2 



In Section V, Federal Motor Vehicle Safety Standards a11d Federal 

Highway Safety Program Standards are discussed. In some cases recommen­

dations for amendments to the standards are given . 

Conclusions are in Section VI, and Recommendations are in Section 

VII. 
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I I INVESTIGATION TECHNIQUES 

A. Accident Investigation Approach 

Stanford Research Institute Crash Analysis Team's (SCAT) basic pro­

cedures for selecting and studying accidents in depth were the same as 

other multidisciplinary teams across the country. FLgure I shows the flow 

of events from team notification of an accident through the case report. 

The team is notified of an accident by the police or county communi­

cations offices or it learns of an accident by monitoring police radios. 

If the team responds, they report to the officer in charge upon arrival 

at the scene of the accident and assist wherever possible. If no further 

assistance is needed, the scene is marked, photographs and measurements 

are taken, sketches are drawn, and any other information about the acci-

cent is obtained when time permits. As soon after the accident as feasible, 

the team inspects all vehicles, contacts and interviews accident victims 

and witnesses, and collects all supplemental data. After all information 

about the accident has been obtained, the accident is analyzed in terms 

of human, environment and vehicle factors. A report of the findings is 

then written and submitted to the National Highway Traffic Safety Admin­

istration (NHTSA). If the team is not notified at the time of an accident 

but is later requested to investigate, it obtains and reviews the accident 

report before a decision is made to investigate. 

B. Some of SCAT's Unique Tools 

Low-level aerial photography was an excellent tool providing a re-

ference to intergrate all inputs from a well-marked scene. It was most 

useful in cases where the road configuration was difficult to measure 
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on the ground , e . g., freeways and congested intersections. Flights were 

scheduled to photograph several scenes to reduce the cost per photograph. 

To simplify notification and collection of accidents and to balance 

the number of property-damage-only cases, a pager alert system was imple­

mented with Santa Clara County Communications. The dispatcher rang the 

SCAT pagers each time an ambulance was sent to a traffic accident and re­

ported the time and location of the accident . SCAT notified the dispatcher 

whether response would be made and kept the dispatcher informed of on~scene 

arrival and departure times using the two- way radio in the SCAT truck. 

The dispatcher kept SCAT informed of ambulance status and hospital desti­

nation, and he informed police on the scene of SCAT's intention to res­

pond to the scene . 

Cards bearing information on SCAT's project were distributed to 

police officers and tow truck drivers to assist them in notifying SCAT of 

accidents. The same card was given Lo drivers involved in the accidents 

so that they could contact the team if necessary. (See Figure A-1 in 

Appendix A for a sample of the card.) Along with the card went a short 

explanation of the purpose and objectives of the accident study . The in­

formation sheet is quoted in full in Appendix A. SCAT designed accident 

response pads (Form A) to record information obtained from monitoring 

police radio cal l s, phone calls from police, or calls from Santa Clara 

County Communications. Pads were located near all communications equipment 

and were used by the team to record the accident information . 

of Form A, see Figure A- 2 in Appendix A.) 

C. Library and Literature Search 

(For a sample 

During the contract time, a Traffic Reference Library with a clas­

sification system based on National Highway Traffic Safety Administration 

(NHTSA) field groups was established . To date, 758 items have been cata­

logued. 
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Team interest prompted an SRI-funded contract with the McDonnell 

Douglas Automation Company (San Francisco office) to use the automated 

Highway Safety Literature Retrieval System developed and maintained for 

NHTSA. The system was used to develop backup material for selected cases 

and for other projects not under SCAT . 

D. Statistical Analysis 

A program of statistical analysis supported by SRI internal funds 

was initiated for the purpose of examining methods of categorizing traffic 

accident data. A description of the approach and recent results using data 

collected by the team can be found in Section IV of this report. 

E . Information Retrieval Forms 

Information retrieval forms designed to facilitate the data collection 

effort were developed and used along with those provided by NHTSA. 

are in Appendix A. They are as follows: 

Examples 

• Form B was used on the scene. One form was used for each vehicle 

involved. 

• Form C was used when examining the vehicle (away from the scene) 
for contact points. It was very useful in reconstructing oc­

cupant kinematics . Either side could be filled out first. 

When vehicle areas of contact were established first, it helped 

in questioning occupants about minor injuries they had overlooked. 

When injuries were obtained first, Form C helped in identifying 

vehicle areas of contact related to the injuries. 

• Form D was used for collecting driving record information . 

• Form E was used for recording dispatch times from police and 

ambulance logs. 

• Form F, the human factors interview sheet, was used during all 

interviews with drivers or next of kin. 
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III THE STUDY AREA 

The study area in wh i ch SCAT investigated accidents was divided in to 

fo ur groups . The groups are defined by distances to cities from the base 

of operation, SRI in Menlo Park. Figure 2 shows the four groups and re ­

l ates the 39 accidents investigated by SCAT. The accidents which occurred 

in unin corporated jurisdictions within a ll four groups are also given . 

SCAT-collected data may be examined for representat iveness within the 

study area by comparison with 1971 police-reported acc ident data.* The 

population of the study area is approximate l y one million. In 1971, 6,623 

fata l and injury accidents occurred in the study area . The population 

percentages for the groups in the study area and number of fata l and 

injury accidents per 1,000 residents are given in Table 1. To estimate 

the percentage of accidents in the study area that SCAT accidents repre ­

sent, SCAT accidents are compared with the 1971 fatal and injury accident 

figures. Table 2 shows the estimated percentage of study area accidents 

that SCAT investi gated . 

Tab l e 3 shows an examination of the representativeness of the SCAT 

type of accident for t he fata l and injury accidents of the study area . 

* Data are taken from "1971 Report o f Fatal and Injury Motor Vehicle Traf-

fic Accidents" published by the California Highway Patrol. 
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Group I: 

Group II: 

Group III: 

Group IV: 

Table 1 

POPUIATION PERCENTAGES AND ACCIDENT RATES 

Percent of 
Number of Fatal and 

Study 

Area Population 
Injury Accidents 

(1971) 
per 

Menlo Park, Palo 

Al to, Atherton 9 

Los Altos, Los 

Altos Hills, 

Mountain View, 

Redwood City 13 

Cupertino, Sunny-

vale, Santa Clara 22 

Saratoga, Camp-

bell, Los Gatos, 

San Jose 56 

Table 2 

ESTIMATED PERCENTAGE OF ACCIDENTS 

THAT SCAT INVESTIGATED 

Percent 

of Accidents 

Group I 3.3% 

Group II 0.8 

Group III 0.4 

Group IV 0.2 

11 

1,000 Residents 

(1971) 

4.6 

6.8 

4 .1 

8.2 



Table 3 

PERCENTAGES OF TYPES OF ACCIDENT 

Percent of Fatal 
Percent of Fatal 

and Injury Accidents 
and Injury Accidents 

Accident Type in Study Area That 
in Study Area 

Were Investigated 
in 1971 

by SCAT 

Fatal 2 14 

Injury 98 86 -- --
Tota l 100 100 

Intersection 36 34 

Non - intersection 64 66 -- - -
Total 100 100 

Motor Veh . to Motor Veh . 66 80 

Other Motor Vehicle 34 20 -- --
Total 100 100 

Roughly 10 percent of the SCAT accidents had property damage only, 

and they are not included in the above figures. Many of the differences 

noted between the SCAT accidents and 1971 police- reported accidents may 

be because SCAT investigated a particu l ar accident population . One late­

model vehicle had to be involved in the accident, and where no injuries 

resulted, at l east one vehicle had to be damaged enough to require towing 

from the scene . 

Of course, the results that fol l ow must be considered as results for 

accidents that occurred in San Mateo and Santa Clara Counties in the 
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metropolitan/rural San Francisco Bay Area. Motor Vehicle registration 

for these two counties is 372,645 and 689,404 respectively, and there is 

a total of 5,597 roadway miles . * 

* Data are taken from ''1971 Report of Fatal and Injury Motor Vehicle 

Traffic Accidents" published by the California Highway Patrol. 
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IV DISCUSSION OF RESULTS 

Contractual requirements limited the type of accident investigated. 

Each accident investigated in depth had to involve at least one vehicle made 

in the last three years. This meant 1970 to 1972 models were used in the 

portion of the study before January 1, 1973. Models from 1971 to 1973 were 

used after that date. Another requirement stipulated that an investigated 

accident result in injuries or property damage such that one or more of the 

vehicles had to be towed from the scene. 

A total of 39 accidents were selected for full, multidisciplinary 

research. The 37th, involving a 6-car chain-reaction rear-end collision, 

was counted as 2 accidents, bringing the count up to the contractual require­

ment of 40 accidents. 

Two requests for investigation of fatal accidents were received from 

the Santa Clara County district attorney's office. SCAT helped reconstruct 

facts for one of the requests, a multivehicle accident then two-months old, 

but SCAT did not accept it as a study case because of the deterioration of 

evidence and missing data. The second request was rejected because of lack 

of time. 

A. Accident Causes 

Of the 39 accidents investigated, driver error was regarded as the pri­

mary cause in 37. The remaining 2 accidents are attributed to a mechanical 

defect (SRI 2-004), where the anti-theft steering lock mechanism self-locked 

while the car was in motion, and to an environmental problem (SRI 2-033) 

where traffic signals had stopped working. 
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However, in the majority of accidents , environmental or vehicular fac ­

tors contributed to the human error. 

Appendix B lists and defines the human, vehicle, and environmental 

variables used to analyze the large amount of data. These variables plus 

abbreviated data for each case appear on a large matrix accompanying this 

report. It facilitates an overview of any variable for all cases or all 

variables for any case. 

Vehicle and environmental factors are discussed under clustering re­

sults, in relation to safety standards, and finally in Appendix D where 

causes are summarized. 

1. Vehicle Defects 

Vehicle defects contributed strongly in five accidents where 

driver error was the primary cause, and all the defects resulted in loss 

of control . In three cases tires were at fault: bald tires on a heavy 

layer of water (SRI 2-018), tire incompatibility leading to instability 

under hard braking (SRI 2-020), and heavily worn tires combined with high 

speed on very wet pavement (SRI 2-022). Exhaust fumes from the heater in 

the last case may have dulled the driver's alertness, even though the 

driver was not aware of it. Wheel oscillation at high speed on a degraded 

section of road, coupled with hard braking resulted in a stepvan skidding 

out of control (SRI 2-005). The fifth accident related to a vehicle defect 

(SRI 2-008) involved a car with a front suspension lower control arm that 

was improperly repaired from a previous accident. The defect caused a pull 

to the right and severe wearing of the right front tire. In addition , loose 

steering linkage combined with an 8-inch-diameter steering wheel made steer-

ing difficult. The left rear tire pressure was low, and the brakes were in 

poor condition. The driver, aware of the defects, usually "compensated" for 

them, but he apparently failed to do so in this case when he made a quick 

maneuver to exit the freeway . 
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2. Environmental Factors 

Environmental factors contributing to accidents were wet and slip­

pery pavement (SRI 2-012, 2-018, 2-019, 2-022, 2-024, 2-026, 2-031), phantom 

vehicle (not contacted during crash) maneuvers (SRI 2-012, 2-013, 2-017, 

2-020, 2 -040) , maintenance trucks on shoulder (SRI 2-014), congested inter­

sections without traffic controls (SRI 2-011, 2-021), an uncontrolled inter­

section (SRI 2-039), a tree obstructing a stop sign (SRI 2-009), barricades 

causing a sudden lane narrowing (SRI 2-040), a poorly designed on-ramp· 

(SRI 2 -002), and a degraded road (SRI 2-005). 

Phantom vehicles seem to have been a contributing factor in many 

cases. A quick maneuver by the phantom vehicle would cause another driver 

to attempt an emergency maneuver that he was not capable of performing. 

In the cases involving phantom vehicles, the first occurred when a phantom 

vehicle drove around a stopped car. The car behind the phantom vehicle col­

lided with the rear of the stopped car (SRI 2-012). In the second case 

(SRI 2-013), the phantom vehicle changed lanes, causing the driver to brake 

hard and steer left. The driver lost control of his vehicle and spun into 

another lane where he was sideswiped . In the third case (SRI 2-017), a 

phantom vehicle suddenly changed lanes and slowed on a freeway overpass. 

In an attempt to avoid collision, the case driver braked hard and over-

steered. His car left the road and overturned on the embankment. In the 

fourth case (SRI 2-020), a phantom vehicle began changing lanes when another 

vehicle was in the C-pillar blind spot. The other driver braked hard, over­

steered to avoid a collision, drove up an embankment , and her car rolled 

over. In the fifth case, a phantom vehicle began to change lanes to avoid 

a barricade (SRI 2-040). The driver of the accident vehicle overreacted 

and lost control of his car. His car moved across the road, and sideswiped 

another vehicle. 
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3. Human Contributions 

Seventy-nine drivers involved in the 39 accidents were examined 

by age, sex, occupation, and the times of day of their accidents. Figure 3 

shows the times of day that accidents collected by SCAT occurred as well as 

the age and sex of all drivers. The times of accidents are given on the 

basis of the 24-hour clock. The number of accidents for a given time period 

is also indicated. For quick comparison, Figure 4 shows injury and fatal 

accidents by time of day for the State of California. Figure 4 shows the 

times of accidents and the occupations of the drivers. 

a. Age and Sex 

Looking only at data collected for drivers at fault, the team 

found striking information about the age and sex of drivers who cause acci­

dents. Of the 37 drivers at fault, 28 were male. Males from 17 to 28 and 

48 to 62 years of age tended to be at fault. In the 28 to 48 and over 70 

age brackets, a proportionately larger number of drivers at fault were fe­

males. 

Of the six drivers 70 years old and older, four (eight per­

cent of the drivers studied) were at fault. Two had blood alcohol levels 

of .26 percent and .19 percent; one misjudged the speed of an on-coming car 

at a high-accident intersection; and the fourth "blacked out" behind the 

wheel from unknown causes. Two drivers, considered not at fault, crossed 

the same intersection where the traffic signals had malfunctioned. The 

human factors profiles of all of these drivers did not reveal anything 

unique. They had all driven a long time; none had driver education or 

driver training; and all were retired. The other variables used to examine 

these drivers showed them to be typical of all age groups. 

The 13 very young drivers (16 percent of the total) ranged 

from 16 to 19 years of age. All but one were unmarried. Nine were students, 
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and three were working or in the military service (the occupation of one 

was unknown). All had taken courses in driver education and driver train­

ing. Six had received one or more traffic citations, and three had been 

in previous accidents reported by police. Two of those three and one with 

6 traffic citations (but no accidents) had had their licenses suspended. 

Most of them could not estimate the number of miles they drove per year. 

Six of the 13 very young drivers were found to be at fault. 

Two for speeding, two for inattention to traffic at intersections, one for 

drugs and drinking, and one for unsafe driving. 

Restraint usage among the very young was as follows: 54-1/2 

percent of the drivers with cars equipped with lap restraints wore them; 

37-1/2 percent wore upper torso restraints; and 75 percent were using the 

head restraints. Of the vehicles driven by youth, three were six years old 

or older and eight were less than three years old. 

b. Use of Drugs and Alcohol 

Alcohol and drug involvement was a contributing factor for 

nine of the 79 drivers (11 percent of the total or 24 percent of drivers 
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at fault). In four of the cases studied (SRI 2-003, 2-013, 2-023, 2-034), 

drivers had a blood alcohol level greater than California's definition of 

intoxication of .15 percent. Two drivers (SRI 2-028 and 2-030) noted on 

the police accident reports as drinking were not considered drunk enough 

to warrant an alcohol test. Beer and seconal had been consumed by one 

driver (SRI 2-001), marijuana and beer were suspected in another case 

(SRI 2-032), and marijuana was suspected in still another (SRI 2-026). 

Open beer cans were found in two cars (SRI 2-010, 2-039), but there was no 

indication that the drivers had been drinking from them. All drivers men­

tioned were considered "at fault." In two of the four cases where the 

drivers were considered intoxicated by California law, the accidents re­

sulted in four fatalities. In case SRI 2 -023, the intoxicated driver and 

two passengers were killed from smoke and flame inhalation when their car 

caught fire. In case SRI 2-034, the intoxicated driver died from injuries 

after striking a car, wooden pole, chain-link fence, and a steel pole. His 

right front passenger was severely injured (AIS 5*). In the third accident 

in this category (SRI 2-003), the intoxicated driver's injuries are unknown. 

The occupants of the other car, however, suffered the fol lowing injuries: 

nondangerous but severe (AIS 3) injuries to the right front passenger; 

moderate (AIS 2) injuries to the driver; and minor (AIS 1) injuries to the 

remaining passengers. Where the driver was fou nd to be under the influence 

of drugs (SRI 2-001), the injuries to the right front passenger were severe 

(AIS 4), to the driver moderate (AIS 2), and to the rear passengers minor 

(AIS 1). The other occupants involved in the remaining seven accidents had 

no or minor injuries. 

* 
AIS or the Abbreviated Injury Scale is a coding of the severity of injuries 
as follows: 0 is none, 1 is minor, 2 is nondangerous/moderate, 3 is non­

dangerous/severe, 4 is dangerous/severe, 5 is critical, 6-9 is fatal and 
Xis unknown severity. 
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4. Injuries Sustained and Their Causes 

There were 114 people involved in the 39 accidents . Of these, 

76 people are known to have been injured , and eight died as a result of 

their injuries. The injuries have been divided into three categories of 

severity- -fatal (F), serious (S), and minor (M).* They are also considered 

in seven anatomical regions as shown in Table 4 . Note that, if one person 

received fatally severe injuries to three different regions of his body, 

his fatal injuries would appear three times in the table . Several minor 

injuries to the same region, such as two or three lacerations and a contu­

sion on the face , were listed only as a single minor injury for that ana­

tomical area (except in the extremities where injuries to both extremities 

were counted as two minor injuries, such as lacerations of both knees) . 

* 

Table 4 

ANATOMICAL DISTRIBUTI ON OF INJURIES 

Fata l * Serious* Minor* 

Head and neck 2 4 57 

Thorax 5 4 14 

Abdomen 1 4 15 

Spine and pelvis 0 0 8 
Lower extremities 0 1 68 

Upper extremities 0 0 49 

Burns 3 0 1 

A fatal injury is a cause of death, regardless of injuries to the other 

parts of t h e body; a ser ious injury threatens l ife; and a minor injury 

does not threaten life . 
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Figure 6 shows the most frequently known contacts with vehicle 

areas by human body region. It must be noted that the most difficult body 

regions for which to determine contacts or kinematics were the extremities . 

Table 5 shows the various injuries sustained in the cases studied; 

where possible, the contact surfaces producing the injuries are also shown . 

These data are used in the following sections for summarized discussions. 

a. Head and Neck Injuries 

Among the head and neck injuries reported in Table 4, there 

was one skull fracture that was associated with a subarachnoid hemorrhage 

which produced death. This injury occurred inside the vehicle where the 

driver's head struck the right A-pillar. Of the five serious head and neck 

injuries, one patient died the sixth day after the accident from bronchial 

pneumonia caused, at least in part, by decreased respiratory function secon­

dary to the patient's unconsciousness and cerebral edema from his head 

trauma. In this case, the contacting point was thought to be the left side 

of the roof of the vehicle. Two of the other serious head injuries were 

cerebral edema probably due to the carbon monoxide poisoning when these vic­

tims were trapped inside a burning vehicle. Many of the fifty-seven minor 

injuries to the head and neck were caused by contact with the windshield, 

but windshields appeared not to be a source of fatal head injuries. 

There were two motorcycles involved in these accidents 

studied; one motorcycle driver sustained a serious head injury when his 

head contacted the side of the automobile . Had he been wearing a helmet, 

this would probably have been a less severe injury. The other motorcyclist 

was wearing a helmet, and he did not even have a headache after his accident. 

There were thirteen minor neck injuries consisting of sprains 

of various types. There was one fatal neck injury, an atlantal -occipital 

dislocation with fatal damage to the spinal cord. This dislocation was 
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Case I Collision 
Number Description 

2-001 j Car ran off 

road, roll ed 

over 

2-002 I Rear-end 

I I 
~ 
CJ) 

I I 
2-003 I Oblique 

head-on at 

inter-

section 

\ 1:h icl l':"-

'72 ChevrolPt 

Vega 

'69 Oldsmobile 

'69 VW 1500 

~ 
'61 Comet 

I '71 Pontiac 

1 '60 Corvai r 

I 

Oct·u­
• pants 

Ill 

~ 

I 
I 

lRF 

-
!LR 

-
lRR 

1D 

2D 

3D 

1D 

2D 

2Rf 

2RR 

2LR 

(Lap) 

\I:•/ 

0 

2 

I~ 
I 2 

Tr1bJ,, 
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... pr;1in ( -..<•at 
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laceration lhnth hr·t•,t:--l:-. 
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c:ui,;sion (v.ind-

shielcl); 

bruise und<•1· 

chin (instn1-

ment panc.•1) 

M; black right 

<.·ye, lacera­
tion top nf 

head ( :,;cat 

back) 

\bdomvn 

S: fh•1·for:11 }Oil 

i<•illllllffl ,tlHI 

;.1--;c1,.•1Hlinl,!' 1·11!011 
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T,1hl1• !'l Cl'ont 'imJ<•d} 

Injuries: ~(•Vf•l'i t\', Dt•'-c·ripU.ons ancl C'ontact Surfaces 

C:ise I Collision I 
Occu- .\I $:t: 

Thoracic ~rnd 

I I 
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I 
t'se of 

Vehicles pantst He;HI and Xc•ck Thot·J'\ \bdomt·n Lumbar Spine 
Lower Upper 

Use 
Alcohol, 

Number Description Extremities Extremities Drugs anrt P~lvis. 

2-003 I Oblique '60 Corvair 2LR 1 :\I; contusion M; abrasions 

I 

M; abrasion I None 

(Contd) head-on at lt.·ft side· nf l~ft lower and left shoulder 

inter- forc>hC'~ci medial rig-ht ( windo',I,· 

section ( l'OOf) lower legs handle} 
(scat back) 

2-004 I Car/car/ '71 Pinto ID J M, ~01·c llL•ck \1; ~Ol'l' c:h(""l \I: abraf-ion I M; sore I ~one 
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p::inel) 

'68 Chevrolet 2D 0 I / UnknO\l.'O 
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-..l 
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ankles sore right 

thumb (handle) 
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M; sore· c·hc,-. t M; bruised M; bruised I None 

Vega (whipl::ish) (steering right knee right wrist 
wheel) ( instrument (mirror) 

panel) 

2-008 / Car/car/ I '66 Ford Galaxie I ID I 3 I 
M; I aceratecl M; fractured M; bruised I I None 
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men t panel and 

sLc•ering "'heel} 
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("indshiel<I) 
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Case 
Number 

2-009 

2-010 

2-011 

2-012 

2-013 

Collision 
Description 

Lateral at 
intersection 

Head-on 

Lateral at 
intersection 

Rear-end 

Sideswipe 
(not severe 
enough to 
inflate 
airbag) 

Vehicles 

'70 Mercury 
Cougar 

'69 Ford Mustang 

1 57 Lincoln 

1 71 Pontiac 

'72 Toyota 
Corolla 

'70 Jaguar 

'73 Pinto 

'72 Pinto 

'12 Mercury 

' 70 Chrysler 

Occu- Al Si 
pan tst Head and Neck 

ui 0 

2D 0 

2RF 0 

1D Unknown 

2D l M; brui sed 
left s ide of 
forehead, 
pos s ible con-
cussion (wind-
shield) 

2RF 1 M; laceration 
in mouth, 
brui se on head 
(mirror) 

1D Unknown 

2D 0 

1D 1 M; tightness 
in neck (no 
contact) 

2D 1 M; •neck pain, 
bump back of 
head (head 
re s traint) 

2R 0 

1D 1 

lRF 1 

2D 0 

T:ibl c 5 (Continued) 

. 
lnjur· t es· s~veri tv, tJesc-rlpt ion '"' and Contact Surfaces 

Thoracic and Restraint 
Use of 

Lower Upper Al cohol, 
Thorax Abdomen Lumbar Spine 

Extremities Extremities 
Use 

Drugs 
and Pel vis 

Lap and 
torso 

Lap 

Lap, General 
Motor infant 
safety seat 

None Open beer 
can found 
in Vehicle 1 

M; avulsion of None 
a left-hand 
finger (air 
ou tlet ad-
juster) 

M; pain M; bruised M; bruises None 

right s ide right s ide 
(heater duct) (ins trument 

panel) 

Unknown 

Lap and 
torso 

M; so r eness M; soreness M; scrape on Lap 
at sternum left side (no knuckle of 

( padded steer- known contact) finger (vent!-
ing wheel hub) lation control 

Lap 

M; bump right Lap 
index finger 

M; left abdomen M; bruised Lap 
soreness ( seat left lower 
belt) thoracic 

area (no 
known con-
tact) 

M; ac\le M; shoulder Lap 
s pinal muscles stiff Air Bag 
column (no (no contact) 

Available 
known con-
tact) 

None Blood 
alcohol .17% 
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Case 
Number 

2-014 

2-015 

2-016 

2-017 

Z--018 

2-019 

Collision 
Desert pt ion 

Rollover 

Sideswipe at 
intersection 

Oblique head-
on at inter-
sect ion 

Rollover 

Lateral side-
swipe ( across 
the median) 

L atera l at 
inter-
section 

Occu-
Vehicles 

pant s t 

'70 VW lD 

'65 Rambl er 1D 

'72 Vol VO 2D 

' 71 Pinto lD 

'68 Dodge Dart 2D 

2RCR 

2LCR 

'70 Chrysler 1D 

'64 Ford Falcon 1D 

'72 Gremlin 2D 

2RF 

'63 Che vrolet 3D 

' 71 Peugeot lD 

'69 Ford LTD 2D 

T..ibl\ 

lnjuri.cs: 

Ars* 
Head and N eek Thorax 

2 

0 

l 

0 

0 

0 

0 

4 M; contus ions , 1\1; pneumo-
abra s ions , thorax l eft , 
h ematoma on left 5 rib~ 
face, head; fractured 
concussion (contact un-
( con tact un- knoMl) 
known) 

4 M; lacera tion 
across bridge 
of nose 
( stee ring 
wheel rim) 

1 F; occipita l - S; bilateral 
atlantal hemothorax, 
joint dis- lung contu-
located, sions (v.:indow 
s p inal co rd frame o n 1 cf t 
contused, sub- door) 

arachnoid 
hemorrhage 
( inertia) 

4 M; concus- M; left lung 
sion, right contus i on 
parieta l S: pneumo--
hematoma ( A- tho r ax ( 1 ef t 
pillar, J'ight seat, drivC'r) 
window) 

0 

0 

0 

(C o nt 1t1Ut'd) 

. 
~evc.•ri ty, Description !-. and Conta<·t Surfaces 

Thoracic and Restraint 
Use of 

Lower Upper Alcohol, Abdomen Lumbar Sp ine Use 
and Pel vis 

Extremiti es Extremities Drug s 

M; contusion M; fractured Lap and 
( steer ing proximal end, torso 
whee l) left c18vicle, 

abrasion left 
shoulde r ( pave-
men t and torso 
belt) 

Lap 

M; sor e l e ft Lap and 
should er ( s ide torso 
interior door) 

Lap and 
torso 

Lap 

None 

None 

M; kidney None 
contu ~ ion 
(contact un-
kno wn) 

M; severe Lap 
back pain 
( seat back) 

S; li ver M; contu sion M; wrist lacer- Lap and 
l aceratC"d (left thighs ( left at ion, abra- torso 
door), spleen door) sions (glas s 
lacerated ( arm or window 
rest). frame) 
M: contusion s 
( tap restraint ) 

M; contusions, M: fractured M; f r actured Lap 
pain (lap left i:-upe- - l eft 
restraint) rior pubic humerus ( left 

ramus ( left seat and 
seat, driver) driver) 

Unknown 

Lap and 
t orso 

Lap 
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Case 
Number 

2-020 

2-021 

2-022 

2-023 

Collision 
Description 

Rollover 

Lateral at 
intersection 

Sideswipe/ 
oblique 
bead-on 
( across the 
median) 

Car hit an 
object and 
caught fire 

Occu-
Vehicles 

pants t 

'71 Ford Station ID 
Wagon 

'67 Chrysler ID 

'69 VW 2D 

'72 Datsun 240Z 3D 

'69 Dodge ID 

lRF 

'12 Pontiac 2D 

'12 Plymouth 3D 
Station Wagon 

'71 Plymouth Fury 1D 

lRF 

I' tht,· 

ln1uries: 

AIS • 
Head and Neck Tho1·ax 

I M; contusion 
center chest 
(possibly 
:-.tee ring 
wheel) 

0 

I 

0 

2 M; concussion 
(wind~hield), 
right .., ide of 
neck sore 

3 M; concussion, 
facial lacer-
a tions ( wind-
shie ld), neck 
sore 

0 

l M ; head sore, 
small lacer-
ation forehead 
(windshield , 
left ,\-pillar) 

9 S: cerebral F; pulmonary 
Body: edema c-ongestion 
ext. and edema 
burn s from CO poi-

soning ( ·16~ 

blood 
saturation 
from smoke 
and fire) 

9 F; pulmonary 
Body: congc>stion 
gen. and L"dl'm:1 
40 from CO poi-

burns :-.oning ( 37'1 
blood satu ra-
tion from 
smoke- and 
r lam<' l nhala-
lion) 

(('1,n ti IHI('(!) 

Sev<'ri ty, t>l•~c:1·i ptions and C'ontac:t Surfaces 

Thoracic and Restraint 
Use of 

Lower Upper Alcohol, 
Abdomen Lumbar Spine Use 

and Pel vis 
Extremities Extremities Drugs 

1\1: contusions M; contusion Lap 
kneei,: ( possi- left hand, 
ble steering sorenes~ ( con-
column or in- tact unknown) 
strument panel, 
l eft door) 

None 

M; high back M: left hip M: left None 

pain ( left pain, weak- shoulder pain 
door) ness l eft leg (door window 

(arm rest, l eft frame) 
door) 

Lap 

M; knees M; right hand None 
scraped , sore bruised and 

left ankle , foot sprained, right 
sprained shoulder sore 
( instrument (probably 
pa eel) steering wheel) 

M; con tusions M; small None 
knees ( instru- laceration 
ment panel) right hand 

Lap 

M; so reness, M; soreness Lap 
contusion left 
knee ( instru-
ment panel) 

None Blood 
alcohol . l9"'r 

None 
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Case 
Number 

2-023 
(Contd) 

2-024 

2-025 

2-026 

2-027 

2-028 

Collision 
Description 

Car hit ob-
ject and 
caught fire 

Rear-end 
( car/parked 
truck) 

Lateral at 
intersection 

Sideswipe 
on curve 

Lateral at 
intersection, 
rollover 

Lateral at 
intersection, 
rollover 

Occu-
Vehicles pants t 

'71 Plymouth Fury lLR 

' 72 Datsun 1200 1D 

'72 Nova 1D 

'73 Olds Omega 2D 

'71 Toyota 1D 

lRF 

lRR 

'66 Mustang 2D 

1 72 Cadillac 1D 

'72 Toyota wagon 2D 

'7O Mustang 1D 

'71 VW Van 2D 
( rolled over) 

AJS* 
Head and Neck 

9 S; cerebral 
Body: swelling 
6~ 
burned 

I M; abrasion 

left forehead 
(sunvisor 
and roof) 

3 M ; face con tu-
sions, vein 
laceration 
( steering 
wheel rim) 

5 M; concussion 
(left A-
pillar), lac-
erations 
(eyeglasses) 

0 

0 

0 

1 M i left side 
of head bumped 
( left window) 

l M; right neck 
sore ( strain 
only due to 
jolt) 

2 M; concussion 
( lowe r dash, 
left front 
window), right 
side of fore-
head laceratior 
(flying glass) 

1 M; contusion 
left temple 
(left A-pillar 
or windshield) 

1 M; contusions 
forehead ( l e ft 
side roof rail) 

Table 5 (Continued) 

. 
In juries: Severity, Description~ and Contact Surfaces 

Thoracic and Restraint 
Use of 

Lower Upper Alcohol, 
Thorax Abdomen Lumbar Spine Use 

and Pelvi s 
Extremities Extremities Drugs 

F; CO poison- None Blood 
ing ( 50'l, blood alcohol .14% 
saturation) 
from smoke 

M; laceration Lap and 
right knee torso 
(lgnl tion ( torso re-
switch) straint 

failed) 

M; contusions M; abrasion M; contusions Lap 
l eft breast l ef t knee ( in- upper left 
(steering strument panel), arm (steering 
wheel) contu sion right wheel), lower 

thigh ( right right arm 
door) ( transmis-

sion lever) 

S; fractured M; renal con tu- M; left hip Mi wrist, hand Lap 
left ribs sion, contusion contusion 1 acerations 
(door), hemo- on abdomen ( arm rest) ( left window 
thorax (door) flying glass) 

Lap Marijuana 
suspected 

None 

None 

M; knee sore M; contusion Lap 
(dash, door right arm 
and / or steer- ( contact un-
ing column) known) 

M; right Lap 
shoulder sore 
(strain only) 

M; soreness M; left leg Lap 
(lap restraint abrasion (con-
worn high) tact unknown) 

M; contusion M; contusion None 
both knees right fore-
( parking brake arm ( steering 
release and wheel) 
lower instru-

ment panel) 

M; left s ide M; right knee M; left arm None Alcohol 
sore ( left abrasion contusions suspected 
door) ( contact un- (left door) 

known) 
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Case 
Number 

2-029 

2-030 

2-031 

2-032 

2-033 

Col 11 sion 
Description 

Head-on at 
intersection 

Rear end/ 
lateral 
( parked car) 

Oblique 
sideswipe 
(on curve) 

Car ran off 
road/hit ob-
ject / r olled 
over 

Lateral at 
intersection 

Veh icle!'i 

1 68 Triumph 
motorcycle 

'71 Peugeot 

'70 Karman Ghia 

'69 Dodge Dart 

1 72 Datsun 240Z 

'72 BMW 

'72 Chevrolet Van 

'65 Ford Ranchero 

'71 Datsun 

Oc-cu- .us• + 
pant :-- Hc.c-,1d and Neck 

lD 4 S; concussion 
( Vehicle 2), 
f rac tu red ~u pe-
rior rim left 
orbit, facial 
laceration i:. 
(Vehicle 2 
windshield , 
right A-pillar) 

2D Un-
known 

1D 1 M; lacerations 
forehead, 
bloody nose 
( steer ing 
wheel) 

lD Un-
known 

2D 5§ S; brain con-
tusions, 
hemorrhage 
{ left side , 
roof of car)§ 

2RF Un-
known 

1D l M; forchC'ad 
laceration 
(contact un-
known) 

1D 1 

2D 1 M; head lacer-
at ions 

3D 1 M; left i:; ide of 
head bruised 
(wind shie ld) 

3RF 1 

3RR 0 

3RCR 0 

Tahlt· (Continut.•d) 

--. 
ln.iu rl e~: SC>ver i t v., f"lt•:--.cri pt ion:-. and Contact Surfaces 

Thot·;.1.C'it• anrl Restraint 
Use of 

Lower Alcohol, Upper 
Use Thora>- Abdomen Lumbar Spine 

and Pelvis 
Extre:nitics Extremities Drugs 

M; scrapes and M; a'.Jrasions No helmet, 
abrasions right arm wool upper 
(road), 1 acer- (ground) torso gar-
ation right men ts, 
ankle (motor- leather 
cycle oi 1 tank boots and 
mounting gloves 
bracket) 

Unknown 

M; knee abra- None Alcohol 
sion s ( instru- i:.uspected 
men t panel) 

Unknown 

M; abrasions Lap 
left arm 

Unknown 

M: upper left None Beer and 
leg sore ( con- marijuana 
tact unknown) suspected 

M; abrasions, Lap 
right hand 
( instrument 
panel) 

M; left upper M· right None 
leg bruised shoulder 

bruised 

M; right knee None 
bruise, 1 acer-
ation (instru-
ment panel) 

M; left knee None 
brui se (in-
st rument panel) 

None 

None 
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Case 
Number 

2-034 

2-035 

2-036 

Colli~ion 
Description 

Sidesv;ipc-
pole/pole 
( across the 
median) 

Head-on 
( across the 
median) 

Rear-end 

Vehicles 

'69 Buick 

'65 Ford 

'71 Chevrolet 
camper van 

'73 Ford LTD 

'65 Mustang 

'72 Pinto 

'68 Plymouth 
Stat ion Wagon 

Occu-
AIS* 

pants t 

1D 6 

lRF 2 

2D 0 

3D 0 

1D 2 

lCF 2 

2D 7 

2RF 8 

1D 1 

2D 0 

Table.• 

l n ju1·1 c.·~: 

Head and ~eek Tho1·ax 

F; i:--ubarachnoid S; f1•actu1·vd 
hemorrhagt.•, right 1•ib<.,, 
fractured cal- pulmonary 
varium,. corti- contu!--ion-.; 
cal contusions, 
pons hemor-
rhage, ccn•bral 
edema 

M; laceration 
righ l ~idc of 
forehead 

M; concussion, M; left chest 
face contu- contllsion:--
sions, lacera- ( steering 
tions in mouth wheel) 

M; concussion 

M; scalp lac- F; multiple 
eration rib fractured, 
(winclf-hield) lung contu-

!--ions , bi-
lateral hcmrr 
thorax, .ster-

nal fracture 
( steering 
column) 

M; front upper F; mul tiplc 
tee th f rac- rib fractures, 
tu red, 1 acial lung con tu-
lacerations, sions, right 
abrasions lung partially 
(windshield, collapsed, bi-
instrument lateral hemer-
panel or right thorax, left 
A-pillar) chest abra-

sions and 
1 accrations 

M; sore 

(Continued) 

. 
S(:vcri t v, Jh- ... c-1•iptions :ind Cont..\ct Surfnc-e>s 

Thoracic and Restraint 
u~e of 

Lo"·er Upper Alcohol, .-\b(lomcn Lumbar Spin<' Use 
and Pt:?lvi.s 

Extremities Extremities Drugs 

S: Ii \'VI' None Blood 
tnceratinns alcohol .26"; 

~1; p:ii n in ~1 ; fractured M; fractured \l; fractured None 
abdomen le-ft side of right fibula, right humerus 

pcl vi~ 1 ace-ration~ and radius and 
ulna, 1 acera-
tions (right 
door) 

None 

Lap 

M; knee~ and Pit; arm contu- Lap 
leg contusions sions 
( instrument 
pannel) 

M; contu~ions M; right hand Lap 
abrasions 

S: lacerated M; right leg M; right shoul- None 
liver (steer- laceration, der and arm 
ing wheel and abrasion right abrasions, con-
column) leg and knee tusion, right 

(instrument hand swollen 
panel or 
steer ing 
column) 

F; lacerated M; right thigh M; right arm None 
l 1 ver, & spleen, and knee abra- lacerations, 
i·uptured right s.ions, abra- abrasions, left 
diaphragm, sions both shoulder abra-
lacerated infer ankles slons 
-1or vena cava 
near sacrum 
(right door 
1ntrus1on) 

M; contusions Lap 

(seat bell) 

Lap 
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Case Col 1 h,ion 
?\umber Description 

2-037/ Rc-:ir-end 

2-038 (mul rtple) 

\'ehicles 

'73 Plymouth 

'70 Austin 
American 

'68 Chevrolet 

' 7 2 Ford LTD 
station wagon 

'68 Buick 

'70 Pl vmou th 

2-039 I Lateral at J '62 Chevrolet 
intersection 

'73 Ford Torino 

Occu-t J .-\ 1 !:,± 
pants 

1D I 2 

20 

2RF 

31) 

3RF 

40 

50 

60 0 

1D 

lCF 

lRf 

JLR 0 

!CR 0 

!RR 0 

20 0 

He-ad and Sc•ck 

M; !->llpc-1·fic-ial 

T:1bl\. ( Cl>n l l lllH•d) 

Iniuril•s: St..•vc.•rit\", Dl•sc:ription~ and ContJ.c-t Surfacc-s 

Tho1'ilX ,\bdnm('n 

'.\1: sot·l•n<•l->~, 

Thor·acic- and 
Lumbar Spine• 

and Pelvis 

Lower 
Extremities 

laC'C'rations I I conlu~1on..; 
forelH'ad. ~1; 

blov. to jaw, 

hema toma, con-
• cussion (wind­

shield) 

M; head ~ore 
(wind8hiC'ld) 

M; l:lc<.'rationi-; 

head and face 
(windshit.•ld) 

M; neck ~tiff 
( being forced 
back) 

M; concussion 
(windshield) 

M; neck sprained 

M; neck sore 

M; contusions 
left side fore­
head 

M; lacerations 
left c-ye and 
nose (in!--tru­
ment panel) 

M; laccration!-­
head ( instru­
ment panel) 

M; contusions, 
soreness right 
thigh, left leg 
and foot 

:'\I: contusion!'-

M; contusions 
knees ( instru-
ment panel) 

M; left leg 
twisted 

I 

I 

Upper 
Extremities 

M; contusion 
right arm 

M: contusion 

I 

I 

Rest ratnt 
Use 

None 

None 

None 

None 

None 

None 

--
None --
None 

Non e 

None 

--
None 

- -
None 
- -
None 
--
None 
--
Lap 

l'se of 
,\lcohol , 

Drugs 

I Open beer 
can in 
Vehicle 1 
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Table 5 (Concluded) 

. 
Injuries: Severity, Descriptions and Contact Surfaces 

Case Collision 
Vehicles 

Occu-
pants t Als* 

Thoracic and 
Lower Upper 

Restraint 
Number De scription Head and Neck Thorax Abdomen Lumbar Spine 

and Pel vis 
Extremities Extremities 

2-040 Oblique side- '72 Olds 1D 0 Lap 
s wipe 

'67 VW 2D l M; bump on head M; right knee -M; left arm None 
(mirror) contusion (in- sore, right 

strument panel) thumb sprain 
(steering 
wheel) 

2RF 1 M; laceration M; left knee M; right arm None 
left side of contu.!:>iOn sore (strain) 
forehead (wind- (instrument 
shield ) panel} 

*y is fatal, s i s serious (life threatening), and M is minor (not life threatening). 

tOccupants are identified by case vehicle number and occupant's position in the vehicle, i.e., RF is right front. 

* AIS or Abbreviated Injury Scale is a coding ofseverityof injuries as follows: 0 is none, l ii,; minor, 2 t~ nondangerous / moderate, 3 is nondangerous / severe, 
4 1s dangerous / severe, 5 is critical, 6-9 is fatal and X is unknown severity. 

§Died six days after accident of bronchopneumonia due to head injury. 

Use 

Use of 
Alcohol, 

Drugs 



considered to be caused by inertial change because there were no signs of 

trauma to the patient's head. It may have been aggravated by the use of 

an upper torso restraint. 

b. Thorax Injuries 

Of the five fatal injuries received in the thorax region, 

three were due to pulmonary edema and congestion from flames in a burning 

vehicle. The two other fatal injuries in the thorax region were due to 

severe and blunt trauma that produced multiple rib fractures, bilateral 

hemothorax, lung contusions and collapse. These two victims were unre­

strained in a high speed head-on collision in which there was occupant 

compartment intrusion. 

The serious injuries in the thorax region were pneumothorax 

and hemothorax associated with fractured ribs. One of these occurred in 

a rollover accident, and the site of contact is unknown. One occurred in 

a lateral impact on the driver's side where there was occupant space intru­

sion. Another occurred in a lateral impact at an intersection. In both 

this case and the previous one, the injured were wearing restraints. The 

fourth serious injury to the thorax occurred in a sideswipe accident with 

subsequent pole impact. 

The minor injuries to the thorax were primarily from contact 

with the steering wheel, and the side door. 

c. Abdominal Injuries 

Fatal and serious injuries to the abdominal region were less 

frequent than those to the thorax or to the head. In only one of the people 

evaluated in the study was the injury to the abdomen considered to be fatal. 

A lacerated liver and spleen, a ruptured right diaphragm, and a lacerated 

inferior vena cava occurred when there was intrusion into the occupant space 
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from the high speed impact into the right side of the car . These injuries 

were associated with fatal injuries to the thorax as well. The serious 

abdominal injuries, lacerated livers and lacerated spleens, were also asso­

ciated with fatal chest or head injuries in all but one case. (In one case, 

a rollover, a passenger suffered a perforated jejunum and descending colon 

but no fatal chest or head injury, possibly because she used a lap restraint.) 

d. Spine and Pelvic Injuries 

There were no fatal or serious injuries to the thoracic and 

lumbar spine or to the pelvis of the 114 people involved in these 39 acci­

dents. The minor injuries included two minor fractures of the pelvis and 

six complaints of back pain . The contact points producing these injuries 

were either seat backs or unknown. 

e. Extremity Injuries 

Injuries of the extremities were in no case fatal. There 

was one serious injury of the lower extremity, a compounded fracture of the 

tibia and fibula that is categorized as serious in accord with recommenda­

tions for categorizing injuries made by John States, M. D. , 1 and others who 

have been doing research in this area . The injury occurred when an unre­

strained right front-seat passenger went into the instrument panel during 

an oblique head-on collision. There were 49 minor injuries of the upper 

extremity and 68 minor injuries of the lower extremities. Of the injuries 

to the lower extremity, 35 were injuries to the knee. It is interesting 

to note that injuries to the knee occurred even though occupants were wear­

ing lap belts. Points of contact were either the steering column or the 

projecting brake release handles and lower instrument panel. The belts 

were possibly loosely applied or stretched upon impact allowing contact be­

tween the knees and the other objects in the vehicle, or there was backward 

protrusion of the object causing the knee injury . Except for the serious 
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compound fracture of the tibia and fibula noted above and one other 

fractured fibula, none of the injuries to the lower extremities included 

fractures. They were all abrasions, lacerations, and contusions. This is 

probably due to the fact that most of the accidents studied were relatively 

low-speed accidents. 

Four persons had fractures in upper extremities. One motor­

cyclist received a Bennett's fracture of the thumb as he moved against the 

handle bar at impact. One fractured clavicle occurred in a rollover; A 

fractured left humerus from contact with the left seat and driver and a 

fractured right humerus and radius and ulna from contact with the right 

door intrusion occurred in two cases. 

f. Burns 

Four people in this study were injured with burns. Three 

of them died. Gasoline from a punctured fuel tank ignited and caused the 

death of three elderly people in one vehicle. A fourth victim received 

second- or third-degree burns of her left arm and second-degree burns of 

her forehead from a fire that was caused by a flare set too close to an 

accident vehicle that was leaking gasoline. 

B. Analysis Techniques Used by SCAT 

An objective of SRI's research effort related to SCAT has been to 

develop a methodology for the categorization of traffic accident data and 

to examine the usefulness of clustering techniques to meet this goal. 2 

Categorization methods provide for a logical organization of a data 

population by assigning all data cases to some subpopulation . Clustering 

is a categorization technique that is particularly applicable to the divi­

sion of multivariate data into groups, called clusters, when an unstructured 

division criterion is desired. Traffic accident data are highly multiva r ia t e 
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in nature and, therefore, highly structured methods may defeat the goal of 

determining which characteristics of traffic accidents actually are signi­

ficant. SRI's Basic Clustering Computer Program was used in this study 

to apply the clustering technique to traffic accident data. 3 The program 

requires no prior knowledge of the data, and data variables may be ranked 

or numerical values can be used. In this program all data variables are 

considered simultaneously as clusters are formed from the data. 

Essentially, this clustering program is a multivariate extension · of 

the process of graphing data cases with two variables and pictorially di­

viding the data into clusters on the basis of proximity. The program be­

gins with all data cases in one cluster. The multivariate mean of the data 

cases is computed, and the data case most different from the mean starts 

a second cluster. The criterion for allocation of further cases is the 

total error--the sum of multivariate distances from each data case to the 

cluster mean of the cluster to which it is assigned . A case is moved to 

another cluster if the move will reduce total error. This procedure of 

minimizing total error is designed to minimize distances within clusters 

and maximize distances between clusters. When it is no longer possible to 

reduce the total error by moving a data case to another existing cluster, 

the case that is most different from its cluster mean is designated to 

start a new cluster. The process is repeated in this manner until some 

preselected maximum number of clusters has been obtained. The choice of 

the number of clusters used for analysis is made by the program user. For 

each number of clusters considered, the configuration for that number of 

clusters is optimum with respect to minimizing total error. 

The clustering process has been shown to indicate whether or not sig­

nificant subpopulations or interrelationships exist; if they do, newly 

found characteristics can then be tested using standard multivariate anal­

ysis techniques. Clustering can also be viewed as a type of analysis in 

itself, indicating the basic structure of the data considered. 
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The clustering process is particularly useful for a moderate number 

of variables. Because of the large number of variables involved in a Multi­

disciplinary Accident Investigation (MDAI) analysis, recent SRI effort has 

been devoted to the examination of the use of factor analysis as a method 

of reducing the number of variables before clustering techniques are used. 

Human factors are often difficult to mathematically code, so a factor anal­

ysis was performed using a large number of human factor variables and basic 

accident description variables. Data used for the factor analysis were ob­

tained from the Highway Safety Research Institute (HSRI) data bank's 

"Collision Performance and Injury Report 3," and they were similar to those 

collected by SCAT. The number of variables was reduced via factor analysis, 

and the resulting human factor variables were used for this study. It is 

noteworthy that no human factors variable was "i n significant" in the cluster­

ing ( see next section), although some vehicle a nd environmental variables 

were. 

The HSRI data bank has been used extensively throughout this project 

for purposes of data retrieval. In addition to pilot studies of the type 

above, the data bank has also been used during SCAT investigations to 

determine that certain findings were relatively common or to verify or 

nullify postulated accident cause s . 

C. Clustering Results 

This clustering methodology was used for an analysis of SCAT data. 

Since the conditions under which these data were collected were not neces­

sarily representative of the total accident picture, care was also taken 

to compare the SCAT data to the available local accident population data 

(see Section III). The results obtained here must be judged only as a 

very small sample from SCAT's study a re a . The SCAT accidents tended to 

have more severe injuries and fewer single vehicle accidents than the study 

area accidents had as a whole. One car in each SCAT accident was required 
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to be less than three years old, and either an injury or a towed away 

vehicle had to be involved. 

Each data case in this analysis represents a vehicle investigated by 

SCAT. One record each was processed for the first and second vehicles in 

an accident, excluding motorcycles, parked vehicles, and vehicles for which 

little information was obtained (e.g., vehicles in which accident involve-

ment was very minor and hit-and-run vehicles). Sixty-four vehicles from 

the SCAT data satisfied these requirements. Forty-five variables were 

chosen to describe each data case. 

At this point it is useful to mention that the Basic Clustering Com­

puter Program and clustering techniques have no sample size requirements 

because no statistical tests or criteria are involved. Sixty-four data 

cases with 45 variables each would ordinarily be unacceptable in any sta­

tistical analysis technique. Furthermore, data on 64 vehicles do not pro­

vide much insight into the total accident picture. (Data for 3,500 acci­

dent vehicles are recorded at the HSRI data bank.) The clustering tech­

nique was used here to determine what factors were important in our study 

of 39 accidents. 

In order to interpret clustering results, clustered data may be ob­

served in various ways. After individual data cases have been allocated 

to clusters, the data cases in each cluster may be compared to the total 

data cases to determine the variable characteristics that are strongly 

represented in each cluster . Variables that are highly dispersed (most 

clusters contain markedly different values for a given variable) can be 

judged to be "important" to the clustering process, and they are therefore 

worthy of further examination. Individual characteristics in a cluster 

indicate strong multivariate relationships. Two or more clusters with 

some variable characteristics that are similar can be examined to determine 

multivariate correlations. 
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An eight cluster configuration was chosen because the addition of 

one more cluster to seven clusters or less provided a new interesting 

accident group. But for eight clusters or more, the addition of one more 

cluster only furthered breakdown of existing clusters. 

1. Examination of Variables 

The 64 vehicle data cases chosen from the 39 SCAT accidents were 

familiar, and additional information could always be obtained from the raw 

data. They presented an opportunity to attempt to select "important" vari­

ables that might be used by the National Highway Traffic Safety Administra­

tion and by us for further work on a larger sample. Statistical tests 

based on these "important" variables -or on other variables chosen in this 

manner may be used with a sample of sufficient size from the HSRI data 

bank. 

After exercising the Basic Clustering Computer Program for these 

64 data cases, the results for the 45 variables used for each data case 

were examined. An "important" variable is one for which data cases were 

assigned to clusters (each cluster is a distinct subpopulation of that 

variable). For example, for driver restraint usage, clusters shown in 

Table 6 exhibit different characteristics when compared to each other and 

particularly when compared to the total. Eighty-eight percent of the data 

cases in Cluster 7, for example, had no use of restraints by drivers. 

This subpopulation is distinct within a total population where 45 percent 

use no restraints, and it may be compared to Cluster 8 where 31 percent 

use no restraints. Variables termed "less important" are those for which 

subpopulations were less distinct, and variables termed "insignificant" 

were those for which no subpopulations were evident. 

Variables that are termed "important" would be likely candidates 

for use in further analysis of this type of data. Variables that clustered 
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Tabl e 6 

CLUSTERING RESU LTS FOR DRIVER RESTRAINT USAGE 

Percent 
Clusters * 

Of Total 1 2 3 4 5 6 7 8 

No restraints 45% 29% 84% 40% 14% 100% 40% 88% 31% 

Lap only or lap 
55% 71% 16% 60% 60% 

and shouldert 
86% 0% 12% 69% 

Relationship of 

cluster re- More Much NsD* Much None NSD Much More 

straint usage less more less 

to the total 

* The cluster number has no bearing on the considerations . It is for 

identification only . 

t Lap only and lap and shoulder were combined here, but they were coded 

separately in the Basic Clustering Computer Program . 

*Not significantly different from the total. 

directly with these "important" variables as well as variables that were 

·•insignificant" in the clustering might be removed from further analysis . 

Variables that were ·, less important" to the clustering need to be examined 

to determine whether or not they should be used . 

Below are the variables used and their relative importance for 

the eight cluster configuration . 

a . Human Factors 

Variables t h at were "important" to the clustering were 

• Driver error ( the most responsible drivers, where 

driver error was a factor , were identified) . 

43 



• Driver under the influence of alcohol or other 

drugs. 

• Sex of driver. 

• Age of driver. 

• Driver's familiarity with route on which accident 

occurred. 

• Number of previous citations recorded. 

• Lap and shoulder restraint usage by driver. 

Variables that clustered directly with these "important" 

variables were 

• Number of years driving experience (correlated with 

age of driver). 

• Driver education class completion (basically, drivers 

under 30 had taken the class, and those over 30 had 

not). 

Variables that were "less important" to the clustering were 

• Height of driver. 

• Weight of driver. 

• Number of previous accidents recorded. 

• Number of passengers. 

• Head restraints used by driver (in up position if 

adjustable). 

There were no variables that were "insignificant" in the 

clustering. 

* 

b. Vehicle Characteristics 

Variables that were "important" to the clustering were 

• Driver AIS. 

• CDC Extent. (Where the CDC rating* indicated that 
collision was in the general area of the driver, the 

extent of the vehicle damage was used.) 

Collision Deformation Classification rates damage severity to a vehicle. 
See Appendix C. 
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variables were 

• Weight of vehicle. 

• Speed of travel prior to impact. 

• Rollovers. (Cases in which the vehicle rolled over 

were so indicated.) 

• Sheet metal crush (maximum of crush for front, rear, 

left side, right side , roof). 

• Passenger compartment damage. 

• Loss of control of vehicle by driver. 

Variables that clustered directly with these "important" 

• Overall AIS for all occupants (correlated with 

driver AIS). 

• Length of vehicle (correlated with weight of 

vehicle). 

Variables that were •·1ess important" to the clustering were 

• Number of vehicles in the accident. 

• Collision with another motor vehicle or not. 

• Collision with other objects (includes ground and 

secondary collisions). 

• Tire tread wear of the worst tire. 

• Vehicle defects. (Cases in which vehicle defects 

were present and related to the accident were so 

indicated.) 

Variables that were "insignificant" in the clustering were 

• Model year of the vehicle 

• Fuel tank or line damage (including fire). 

c. Accident Environment 

Variables that were "important" to the clustering were 

• Environmental defects. (Cases in which environmental 

defects other than weather were present and related 

to the accidents were so indicated.) 

45 



variable were 

• Rain conditions. 

• Type of road (rural and mountain roads, city streets 

and intersections , expressways and expressway ramps, 

freeway and freeway ramps) . 

• Shoulder. 

• Median. 

• Number of accidents per year over the past three 
years at the accident site. 

• Average daily traffic at the accident site (ADT). 

Variables that clustered directly with the type-of-road 

• Total number of lanes on the roadway 

• Number of accesses per 1/4-mile 

• Speed limit. 

Variables that were "less important" to the clustering were 

• Day or night 

• Time of day. 

A variable that was "insignificant" in the clustering was the 

day of the week. 

ct. Other Variables 

The 45th variable was the SCAT accident case number. Twenty­

five SCAT accidents had two vehicles used for this analysis in accordance 

with the guidelines above. In only 11 accidents did both vehicles fall in 

the same cluster, an indication that the analysis emphasis was on vehicles 

rather than on the total accident . 

Generally, the variables that were not "important" accident 

causation indicators fall into four categories: 
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• The variables that were repetitive. For example, 
the number of lanes, number of accesses per 1/4-mile, 

and speed limit correlated directly to the type of 
road. Therefore, the use of the type-of-road variable 
was sufficient for these particular evaluations, 

• The variables that were too general. Some of the var­

iables that were not deemed the "important" ones are 

those that are frequently used as accident measures in 

current studies and statistical summaries. The number 

of vehicles in the accident and whether the collision 
was with a motor vehicle or another object are vari~ 

ables too general to be used as accident measures 
alone when more enlightening combinations of variables 

can be used from MDAI data. 

• Variables that represent events, such as occurrence 
of vehicle defects and fuel tank fires, that involve 
serious consequences but do not apply generally to the 
traffic accident population . A comparison of when 

these events occur and when they do not may not be 

fruitful, and studies might best be carried out within 

the framework of cases where these events do occur. 

• Va riables that are not related to accidents or are 

not related to these 39 accidents. 

2. Examination of Clusters 

The clusters that were obtained are shown in Table 7, The " impor­

tant" variables are indica ted and characteristics of the clusters may be 

compared to characteristics of the total group of 64 vehicles. Blanks indi­

cate that no strong characteristics, different from those of the total, were 

present. Other variables that added information in some clusters are given 

as well. Characteristics of clusters have been summarized somewhat quali­

tatively. Quantitative comparisons, such as those presented for driver 

restraint usage in Table 6, were used to obtain Table 7, but they are not 

given here since the attempt is to display trends . The trends that are 

apparent can later be evaluated quantitatively by an ap~ropriate statistical 

test using a larger sample. 
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00 

Var iables 

Dr iver error 

Dr iver under the 
i nfluence o f 
a l coho l o r o the r 
drugs 

Sex o f d r iver 

Age of dri ver 

Driver's fami l-
iar i ty wi t h 
r o ute 

Numbe r o f pre-
viou s ci tat ions 
r ecorded 

Drive r us e o f 
lap and shoulde r 
r estra i nts 

Driver A1st 

CDC ext ent* 

We i ght o f 
veh ic l e 

Speed o f trave l 
p r ior to i mpact 

Ro llo ve r s 

Max i mum shee t 
me t a l c ru sh 

Pass en ger c om-
p artmen t damage 

Les s of co n t r o l 
of veh i cle b y 
dr iver 

Environmen t a l 
def ects 

Rain conditions 

Cluster 1 

• 

More ma l e 

Al l over 30 

F ewer 

More 

None o r mi no r 

Li ght o r heavy 

Mo r e stopped, 
some 10 -60 mph 

All had li tt l e 
o r none 

Le s s 

More 

T.1ble 7 

CLUSTER CONl'IGURATJO~• 

Cluste r 2 Cluster 3 Cluster 4 Cluster 5 

Less Mo r e Less More 

67% dri nk1 ng o r 
drugs involved 

More male More male More male 

Mostly under 30 Mostly in 70 1 s 

More do not use 
r egula r ly 

All ha d many 

Muc h l ess Much mo r e No ne 

None o r mi no r Mi no r o r mod- Minor o r sev er e Sever e 
e r ate 

Less seve r e Most s e ve r e Mo r e seve r e Collision s not 
i n a r e a o f 
d r iver 

He av y Medium weight Med ium weigh t 

Over 50 mph Over 50 mph 20-70 mph 20- 60 mph 

All 

Le s s Mo r e moderate Mo r e Mo r e 

All h od 11 t tl e Mo r e sever e None o r severe Mo r e seve r e 
o r no ne 

All All 

None None 

Mostly heavy 
rain 

Cluster 6 Cluster 7 Clus t e r 8 Total 

More Less More 76% dn ve r e r ro r 

50% drinking o r 1 2-1 2% d r lnki ng 
drugs i nvo 1 ved o r drugs involved 

Mo r e male Mo r e female 6 1% ma l e d r ive r s 

All unde r 30 Slightly younge r 4 4't, 16- 29 ; 
than total 26-1 /2%, 30-49 ; 

29-1 2~, 50- over 

Do not use Use r egu l ar ly 61 ~ use route 
regularly regul ar ly 

More 55%, none; 20 %, 
1 ; 25%, 2 o r mo r e 

Much l ess Mo r e 45% of d river s 
used no r e -
st ra 1nts 

Non e o r minor Minor 33% , no injur y; 
6 1% AIS 1-5, 6% 
AIS ove r 6 or more 
(dr ive rs) 

Less sever e Mo r e severe 67c:; of collisions 
in ar ea of d r iver: 
29 %, 1; 33%, 2 - 3: 
5%, 4 

L i gh t Lig h t 5 3% unde r 3, 000 
pounds 

Un der 40 mph Under 40 mph Mo r e stopped, 19%, 0 -19 mph; 
some 10 -60 mph 70~ , 20-49 mph: 

11~ , 60 mph 

Some 1 2 - 1/2% r ol l ove r s 

Mo r e mode r a t e Mo r e Less 45% h ad les s t han 
10"; 38 %, 10-19"; 

17%, 20" o r mo r e 

All had litt l e Mo r e mode r ate 77%, none o r 
or none l itt l e; 23%, mod -

erate or seve r e 

Less 36% lost cont r ol 
of vehic l e 

None Most 730:, had none 

Mostly light 83':o had clear 
rai n weather and vi si -

bi li ty 
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Van ables 

Type of road 

Shoulder of road 

Median of road 

Number of 
accidents per 
year at accident 
site 

Average daily 
traffic (ADT) 
at accident site 

Other factors 

Cluster 1 

All city 
street, i ntcr ­
section, ex ­
pressway 

Worse 

Mostly none 

All 0-29,000 

Medium-tall 
drivers; over­
weight§ for 
height; less 
use of head 
restraints by 
driver; ve ­
hicles were 
medium in 
length and were 
lighter or 
heavier than 
others of same 
l ength . 

Clust<.:·r 2 

All freeway 

Bet tcr 

Mostly barrier 

Higher 

All 70,000-
99,000 

Vch1cle de-
!ects; col-
lisons with 
other vehicles 
and othe r 
objects. 

Clusicr 3 

Mostly freeway, 
othcn.,·1sc.• ex­
pressway 

Bet tcr 

All r:usc-d or 
barrier 

Heavier 

All s.1ngle 
vehicle acci ­
dents; col-
l isons with 
other objects 
(1nclud1ng 
ground). 

. 
Blanks indicate data that approximate that of the total. 

tAIS numbering is expla ined in Appendix B. 

* CDC is explained in Appendix C . 

Tabl<.· 7 (Cone: l ud,.,(I) 

Cluster 4 

Bet tcr 

More ra 1 scd 

All 10,000-
45,000 

More multiple 
vehicle ::icc1 -
dents. 

Cluster 5 

All Cl ty 
str<.•et, 1ntcr­
SC'Ct1on, cx­
prc.·ss" 3 \ 

Worst.• 

More raised 

Lowc:r 

All 10,000-
45 , 000 

Drt vcrs of 
short I h~uvy 
stature; :i all 
had possengers; 
hnd one or more 
badl~ worn 
t I res. 

Cluster 6 Cluster 7 

All rural, c1tyl I All rural, city 
stre<:t, intc1·- stre<.•t, 1nter-
sect1on section 

Wors1.. 

None 

All 0-19,000 

All 2-vehicle 
collis1ons; no 
collision w1 th 
other objects 
(including 
ground). 

Better 

Less 

Ori vers gen­
era l! y under­
wei litht; ~ all 
night time 
acc1 dents 

§Attributes eva luated according to "The World Alman :1c and Book of Fncts, 1973 Ed1t1on, ~cwspaper Enterprises Assoc1nt1on. 

Clus tcr 8 

All city street, 
intersection, 
exp r essway 

Slightly lower 

Ori vers had no 
previous acci ­
dents recorded: 
less use of 
head restraints 
by drivers. 

Total 

sr;, rural r oads; 
66%, city street, 
intersect 10n: 
29"' 1 frecw3\, 
cxpresS'tl.'ay 

53~ had good 
shoulders 

56C-: had no 
median 

JGC; had 4 o r 
less ace 1 dents 
per year: 50 ': 
had 5-19 ; 14r, 
had 20 or more 

52C: 1 0-19 I 000; 
34%, 20 I 000-
45 , 000; 14 ':., 
7 0, 000-99, 000 



In this segregation of the accident population by clusters, it 

is useful to examine each cluster as a separate entity. An individual 

cluster indicates a direct relationship of variables. Direct relationships 

that are comparable by clusters yield multivariate correlations; direct 

relationships that are not comparable but contain certain unique features 

in a cluster can provide insight into multivariate correlations. 

Some of the multivariate correlations indicated by the cluster­

ing are examined in Tables 8 through 16. These tables show data based on 

Table 7 that have been extracted to examine specific relationships. Many 

other extractions are, of course, possible. 

a. Type of Road Variables 

For the two clusters where accidents occurred on freeways 

and expressways (Table 8) and speeds were over 50 m.p.h., the less serious 

injuries occurred where the number of accidents per year and ADT were higher 

and restraint usage was much less than the total. Evidently, injuries were 

not related to these factors. For the more serious injuries, all were sin­

gle vehicle rollovers, and all involved loss of control with more driver 

error than the total. For the less serious injuries, there were no roll­

overs, loss of control was not a factor, and there was less driver error 

than the tot a l. For all injuries, the shoulders were better than the total; 

but for the less serious injuries, the medians were better and there were 

no environmental defects. 

Three clusters (1, 5, 8) exhibited the road type of city 

streets, intersections, and expressways (Table 9). There, speeds ranged 

from Oto 60 m.p.h., and Cluster 1 had the least severe injuries while 

Cluster 5 had the most. Although ADT, shoulders, and medians do not appear 

to be injury related, the number of accidents per year and environmental 

defects decrease as injury increases. Correspondingly, as injuries in­

crease, restraint use decreases, and driver error, loss of control, and 
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Table 8 

CLUSTERS COMPARED BY TYPE OF ROAD: 

FREEWAYS AND EXPRESSWAYS 

Variables Cluster 2 Cluster 3 

Type of road All freeway Mostly freeway, 

otherwise expressway 

Driver AIS None or minor Minor or moderate 
injuries 

Number of accidents per Higher accidents 

year at accident site per year 

Environmental defects No environmental 

defects 

ADT at the accident site All 70,000-99,000 ADT Heavier ADT 

Loss of control of All lost control 

vehicle by driver 

Lap and shoulder re- Much less restraint 

straint usage by driver usage 

Driver error Less driver error More driver error 

Shoulder Shoulders better Shoulders better 

Median Mostly barrier medians All raised or barrier 

medians 

Rollovers All rollovers 

Speed of travel prior Over 50 m.p.h. Over 50 m.p.h. 

to impact 

Other No rollovers All single vehicle 

rollovers 
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Table 9 

CLUSTERS COMPARED BY TYPE OF ROAD: 

CITY STREETS, INTERSECTIONS, AND EXPRESSWAYS 

Variables Cluster 1 Cluster 8 Cluster 5 

Type of road City streets, City streets, City streets, 

intersections, intersections, intersections, 

and expressways and expressways and expressways 

Driver AIS None or minor Severe injuries 

injuries 

Number of accidents Slightly lower Lower accidents 

per year at acci- accidents per per year 

dent site year 

Environmental More environ- More environ- No environmental 

defects mental defects mental defects defects 

ADT at t he accident All 0-29,000 All 10,000-

site ADT 45,000 ADT 

Loss of control of Less loss of Less loss of All lost control 

vehicle by driver control control 

Lap and shoulder Better re- Better re- No restraint 

restraint usage by straint usage straint usage usage 

driver 

Driver error More driver More driver 

error error 

Shoulder Shoulders worse Shoulders worse 

Median Mostly no me- More raised 

dian medians 

Rollovers 

Speed of travel More stopped More stopped 20-60 m.p.h. 
prior to impact vehicles, vehicles, 

otherwise otherwise 
10-60 m.p. h. 10-60 m.p.h. 

Other 
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speeds increase. Thus, for less severe injuries, . high accident locations 

and environmental defects may have been accident causation factors, while 

more severe injuries were associated with lack of restraint usage, driver 

error, loss of control, and higher speeds. 

For rural and mountain roads, city streets, and intersections 

where speeds were under 40 m.p.h., two clusters were obtained (Table 10). 

Environmental defects, lack of restraint usage, driver error, shoulders , 

and medians do not appear to be injury-correlated factors . Where injuries 

were more severe, ADT was much heavier, and some rollovers were involved. 

All accidents occurred at night. 

In summary, for accidents occurring on freeways and express­

ways at speeds of over 50 m.p.h., single vehicle rollovers, loss of control, 

driver error, traversable medians, and environmental defects were injury­

correlated factors . For city streets, intersections, and expressways with 

speeds ranging from Oto 60 m.p.h., lack of restraint use, driver error, 

loss of control, higher speeds and (to a lesser extent), high accident 

locations and environmental defects were injury-correlated factors. For 

rural and mountain roads, city streets, and intersections where speeds 

were under 40 m.p.h., higher ADT, nighttime driving, and to some extent, 

rollovers were injury-correlated factors. 

b. Impact and Injury Variables 

Impact variables--CDC extent, sheet metal crush, and weight 

of vehicle--are examined as they relate to passenger compartment damage and 

injuries. (The attempt is not to reach the not-so-startling conclusion that 

more severe collisions cause more severe injuries, but it is to examine the 

use of this combination of variables.) For impact in the area of the 

driver, a trace of impact to injury could be made. 
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Table 10 

CLUSTERS COMPARED BY TYPE OF ROAD: 

RURAL AND MOUNTAIN ROADS, CITY STREETS, 

INTERSECTIONS 

Variables Cluster 6 Cluster 7 

Type of road Rural and mountain Rural and mountain 

roads, city streets, roads, city streets, 

intersections intersections 

Driver AIS None or minor in- Minor injuries 

juries 

Number of accidents per 

year at the accident site 

Environmental defects No environmental de-

fects 

ADT at the accident site 0-19,000 ADT 

Loss of control of ve-

hicle by driver 

Lap and shoulder re- Much less restraint 

straints usage by driver usage 

Driver error More driver error Less driver error 

Shoulder Shoulders worse Shoulders better 

Median No medians Less medians 

Rollovers Some rollovers 

Speed of travel prior to Under 40 m.p.h. Under 40 m.p.h. 
impact 

Other All nighttime 

accidents 
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First, the passenger compartment damage variable was coded 

none, smal l, moderate, or severe. This rather coarse rating correlated 

strongly in all clusters with the driver AIS, and driver AIS was directly 

correlated to overall AIS. Next, the passenger compartment damage was 

examined and related to the impact. 

Since CDC extent numbers were only very generally related 

to area of impact (see Appendix C), and since some vehicles had no impact 

in the driver area or the CDC extent was for a secondary or tertiary impact, 

the sheet metal crush ( at maximum impact depth) was used as well . Since 

the sheet metal crush may be dependent on the vehicle, the vehicle weight 

was included.* Because of the complex physics of vehicle collisions, at 

least these three variables should be considered. 

Table 11 shows clusters where area of impact was near the 

driver. Clusters 2 and 6 have less severe CDC extent than Clusters 7 and 

3. Sheet metal crush also tended to be less than for Clusters 7 and 3. 

For these four clusters, CDC extent and passenger compartment damage in­

crease together, and for both pairs, 2 and 6, 7 and 3, sheet metal crush 

is more severe for lighter vehicles. Cluster 4 fits in roughly, but it 

had another strong characteristic, discussed below, which probably overrode 

these variables in the clustering. In Table 12, where the area of impact 

is not near the driver, Cluster 5 shows that injury and passenger compart­

ment damage were at least as severe as in 4 and 3. Sheet metal crush is 

correspondingly severe. Passenger compartment damage could be attributed 

to causes other than the CDC extent near the driver (fire and severe CDC 

extent in other areas). 

* Vehicle length corresponded to vehicle weight except in one cluster, 

and there CDC extent was not a factor. 
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C.l1 
CJ) 

Variables 

CDC extent 

Maximum sheet 

metal crush 

Weight of 

vehicle 

Passenger com-

partment damage 

Driver AIS 

Cluster 2 

Less severe 

Less 

Heavy 

All had little 

or none 

None or minor 

injuries 

Table 11 

CLUSTERS COMPARED BY IMPACT: 

AREA OF IMPACT NEAR DRIVER 

Cluster 6 Cluster 7 Cluster 4 Cluster 3 

Less severe More severe More severe Most severe 

More moderate More More More moderate 

Light Light Medium weight 

All h a d little More moderate None or severe More severe 

or none 

None or minor Minor injuries Minor or severe Minor or moderate 

injuries injuries injuries 



Table 12 

CLUSTERS COMPARED BY IMPACT: 

AREA OF IMPACT NOT NEAR DRIVER 

Variables Cluster 5 

CDC extent Not in area of driver 

Maximum sheet metal crush More 

Weight of vehicle Medium weight 

Passenger compartment damage More severe 

Driver AIS Severe injuries 

In summary, for fixed areas of impact, occupant injuries may 

be traced through a passenger compartment damage variable and impact vari­

ables--CDC extent, sheet metal crush , size of vehicle. In this way specific 

areas of vehicles that cause injuries upon impact in certain sizes of ve­

hicles may be recognized and recommended for more specific vehicle testing. 

Areas of impact should be specified by using a larger sample size and CDC 

ratings that are more closely related than those used here. 

c. Rain Conditions 

Rain was a significant factor in two clusters . In Cluster 4, 

accidents occurred in heavy rain, and in Cluster 6 , in light rain. Notice­

ably, these were the only two clusters that had drivers under the age of 

30 as a strong characteristic, and they were the only two clusters in which 

nonfamiliarity with the road was a strong characteristic. Table 13 shows 

clusters where the rain was heavier , and one can see that injuries and CDC 

extent were more severe and more vehicles were involved in the accidents. 

The speeds ranged higher where the rain was heavier, in Cluster 4, but in 

lighter rain, in Cluster 6, accidents occurred on rural and mountain roads, 
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Table 13 

CLUSTERS COMPARED BY RAIN CONDITIONS 

Variables Cluster 4 Cluster 6 

Rain conditions Mostly heavy rain Mostly light rain 

Driver's familiarity with More do not use Do not use route 

route on which accident route regularly regularly 

occurred 

Driver AIS Minor or severe None or minor 

injuries injuries 

CDC extent CDC more severe CDC less severe 

Speed of travel prior to 20 to 70 m.p.h. Under 40 m.p.h. 

impact 

Type of road Rural, city streets, 
intersections 

Age of driver Mostly under 30 All under 30 

Other More multiple All 2-vehicle 

vehicle accidents accidents 

city streets, and intersections; the heavier rain cluster included all types 

of roadways, rural to freeway, roughly in the same proportion as the total. 

In summary, accidents occurring in the rain tended to involve 

drivers under 30 who did not use the route regularly. The fact that these 

three characteristics clustered so strongly indicates that younger drivers 

driving in the rain on an unfamiliar route constitute a significant SCAT 

traffic accident subpopulation. Where rain was heavier, injuries and CDC 

extent were more severe and more vehicles were involved. 

d. Number of Previous Citations, Use of Alcohol or Other Drugs 

Table 14 shows clusters in which previous citations were a 

factor, and Table 15 shows clusters in which driver use of alcohol or other 
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Variables 

Table 14 

CLUSTERS COMPARED BY NUMBER OF PREVIOUS CITATIONS, USE 
OF ALCOHOL OR OTHER DRUGS: PREVIOUS CITATIONS 

A FACTOR, DRINKING OR DRUGS NOT A FACTOR 

Cluster 2 Cluster 6 

Number of previous All had many previous More previous citations 
recorded citations citations 

Driver under the influence 

of a lcohol or other drugs 

Lap and shoulder restraint Much less restrai nt usage 
usage by driver 

Sex of driver More male drivers More male drivers 

Age of driver All under 30 

Other Vehicle defects were a 
factor 

Table 15 

CLUSTERS COMPARED BY NUMBER OF PREVIOUS CITATIONS, USE 

OF ALCOHOL OR OTHER DRUGS: PREVIOUS CITATIONS 
NOT A FACTOR, DRINKING OR DRUGS A FACTOR 

Variables Cluster 5 Cluster 

Number of previous 

recorded citations 

Driver under the influence 67% of drivers 50% of drivers 

of alcohol or other drugs 

7 

recorded 

Lap and s houlde r restraint No r es traint usage Much less restraint usage 

usage by driver 

Sex of driver 

Age of driver Mostly in 70s Slightly younger than total 

Other Drivers of short , heavy Drivers generally underweight 

stature; a ll h ad passen-

gers; h ad one or more 

badly worn tire. 
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drugs was a factor. No clusters shared both characteristics , Drivers with 

many previous citations were predominantly male, and those with more cita­

tions (Cluster 2) used restraints less and were older than those in Cluster 

6. Where drinking or drugs were involved, sex was not a factor. Cluster 5, 

with more drivers drinking or using drugs, had no restraint use and drivers 

were older than those in Cluster 7. 

Comparison of Table 14 (citations), Table 15 (drinking or 

drugs), and Table 16 (neither), shows drivers using alcohol or other drugs 

used restraints the least, and those without the characteristic of many 

previous citations or alcohol and drug use used restraints the most. In 

Table 14 and 15, lack of care for the vehicle (e.g., failure to correct 

vehicle defects such as worn tires) may have been an accident factor. Age 

was not a factor in the construction of these three driver groups, but for 

each group, younger drivers used restraints more than older drivers. Only 

for Table 15 was sex of the driver not a strong characteristic. In Table 

15 drivers were underweight or overweight, but Table 16 also had overweight 

drivers. 

In summary, drivers who had more previous citations tended 

to be male, but drivers who had been drinking or using drugs had no strong 

characteristic with respect to sex. Evidently, drivers who had been drink­

ing or using drugs did not have a larger number of previous citations and 

vice versa. Drivers with many previous citations and drivers who had been 

drinking or using drugs used restraints less than other drivers. The 

drivers who had been drinking or using drugs used restraints the least. 

Lack of care of the vehicle may have been an accident factor where either 

of these two driver characteristics were present. 
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Table 16 

CLUSTERS COMPARED BY NUMBER OF PREVIOUS CITATIONS, USE 
OF ALCOHOL OR OTHER DRUGS: PREVIOUS CITATIONS 

NOT A FACTOR, DRINKING OR DRUGS NOT A FACTOR 

Variables Cluster 1 Cluster 3 Cluster 4 Cluster 8 

Number of pre- Fewer previous 

vious recorded citations 

citations 

Driver under the. 

influence of 

alcohol or other 
drugs 

Lap and shoulder Better restraint Much better Better re-

restraint usage usage restraint straint 

by driver usage usage 

Sex of driver More male More male More male More female 

Age of driver All over 30 Mostly un-

der 30 

Other Medium tall No previous 

drivers, over- accidents 

weight for 

height 

• 
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Appendix D 

SUMMARY OF CAUSES OF ACCIDENTS 

The following is a brief list of the accidents investigated by SCAT 

with a statement of cause summarized for each. 

2-001* 

2-004:j: 

Seconal and alcohol use prevented driver from maintaining con­

trol of the vehicle. His motor reactions were slowed beyond 

the safe limits for operating the vehicle. 

Because of the poorly designed ramp to a cross street on a 

higher level, the driver's attention was turned momentarily 

to the traffic flow from the left rear and away from the car 

ahead. 

Drinking driver (.22 percent blood-alcohol) failed to execute 

a left turn. The accident severity was increased when a "good 

samaritan" placed a lighted flare in the puddle of gasoline. 

Th e anti-theft steering lock mechanism locked while vehicle 

was traveling 50 mph. This piece of equipment had not been 

examined when the car was repaired after an earlier head-on 

collision. 

2-005*t:l= Driver lost control of a stepvan when he braked hard becaus e 

of slowing traffic. This model van is ,suspected of road wheel 

oscillations over rough roads and the road surface was in poor 

condition where the driver braked. The probability that the 

driver was following too closely for the speed he was traveling 

cannot be overlooked. 
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* 2-007 

2-009*t 

2-010* 

Driver attempted to make a U-turn from a left turn lane at a 

nonsignalized intersection. Driver did not see approaching 

car. He may have been preoccupied with his forthcoming mar­

riage. This intersection was being studied for signalization, 

and traffic signals have since been installed. 

Driver was inattentive to traffic conditions and had to brake 

hard. The rear wheels locked and driver was unable to control 

the vehicle. 

A combination of factors resulted in this accident. Driver 1 

was late. His vehicle was degraded severely, one low tire and 

a small steering wheel made handling more difficult. The 

driver was aware of all factors except possibly the low tire 

pressure, and, hence, we attribute the cause to human error. 

The driver, "driving automatically," failed to stop at a stop 

sign . The stop sign was obstructed by a tree branch until 

driver was less than 150 feet from the intersection. 

This was a hit-and-run. Driver 1 attempted to turn left into 

a driveway in front of a speeding vehicle. Driver 1 may have 

been under the influence of alcohol. He abandoned his car at 

the scene . 

The driver attempted to cross a heavily conjested intersection 

during rush hours. The only way to traverse this intersection 

at such a time is to ease into it and cause right-of-way traffic 

to stop . 

2-012*t* The driver was traveling too fast and too close behind a 

phantom vehicle to avoid hitting a stopped vehicle that was 

avoided by the phantom vehicle. Visibility was obstructed be­

cause of heavy rain and fogged side and rear windows. 



2-013*t 

2-014*t 

* 2-015 

2-016* 

2-017*t 

An intoxicated driver (.17 percent blood-alcohol) lost control 

of his car when a vehicle changed lanes in front of him. 

An inattentive driver was suddenly startled to see mainte­

nance trucks on the shoulder very close to the fast lane; 

he swerved and lost control of his vehicle. 

The driver attempted to turn left from a left turn lane at a 

signalized intersection but misjudged the speed of an oncoming 

vehicle. 

The driver, preoccupied with personal thoughts, did not see 

the other vehicle and attempted a left turn at a signalized 

intersection. Other vehicle was going an estimated three mph 

over speed limit. 

A phantom vehicle pulled in front of the driver as the traffic 

was slowing abruptly. The driver braked hard and steered to 

the right to avoid a collision, but he lost control of his car. 

2-0ls*t* A combination of factors caused this accident, among them 

2-019*t 

driver inexperience, heavy rain, very slippery road surface 

and bald rear tires. The slippery road and bald tires would 

have been sufficient to cause the accident. Bringing a car 

under control once it has lost traction is difficult even for 

an experienced driver familiar with emergency maneuvers. 

Driver 2 attempted a left turn from a left turn lane at a 

signalized intersection. He had not anticipated being stopped 

by a right-turning vehicle that stopped at railroad tracks 

before completing its turn. The pavement was wet. Driver 1 

assumed that Vehicle 2 would not continue to block the lane. 

2-02o*t* The driver lost control of her vehicle when she was forced to 

take evasive action to avoid a collision. Hard braking and 

incompatible tire types contributed to control loss. 
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The driver failed to successfully complete the relatively 

complex driving task of making a left turn onto a heavily 

traveled multilane road from a side street. He did not see 

the vehicle approaching from his left. 

2-022*t* The driver's attempts to bring his vehicle under control when 

it began to hydroplane and fishtail failed. Driving onto the 

muddy median resulted in loss of control. Vehicle crossed 

freeway median into oncoming traffic. Driver was traveling 

too fast for road conditions. Tires were worn. 

2-023*t* Elderly intoxicated driver (.19 percent blood-alcohol) ran off 

the road at a slow speed. She ran over a signpost that pene­

trated the fuel tank, and a fire followed. 

2-024*t* The driver lost control of the vehicle on wet pavement on a 

curve. He was traveling faster than the posted speed limit 

(speed limit is seven mph below the critical cornering speed). 

Low left front tire pressure possibly reduced cornering capa­

bility of the vehicle. 

* 2-027 

The driver, possibly preoccupied with a pending business con­

tact or in a hurry, ran a red light. A possible contributing 

factor may have been the prior traffic signal (less than 200 

feet away) that was not synchronized with the signal he ran. 

The driver lost control of his vehicle traveling at excessive 

speed on wet pavement on a curve. The speed limit is 6 mph 

below critical cornering speed on wet pavement. 

The driver, possibly preoccupied with finding a gas station 

open, attempted to turn left at a signalized intersection. 

He turned in front of a speeding vehicle. 

used to an automatic transmission.) 

(The driver was not 



2-032* 

* 2-034 

2-035* 

The driver drove through a red light, and another driver was 

having difficulty seeing the lane line because of wet pavement. 

The driver attempted to turn left at a signalized intersection 

in front of a motocycle. His reason is unknown. 

Driver was emotionally upset; her vision was blurred from crying. 

She was inattentive to driving. 

Traveling at excessive speed in a turn on wet pavement, the 

driver braked and locked the wheels. 

The driver fell asleep at the wheel in the early morning, drove 

off the road, penetrated a chain link fence, and rolled his car 

over. The driver had been drinking beer; he also may have been 

smoking marijuana. 

Malfunctioning traffic signals caused in~dequate or improper 

response from drivers entering an intersection. Drivers 1 and 

3 failed to slow down, and Driver 2 failed to check for cross 

traffic. 

An intoxicated driver (.26 percent blood-alcohol) lost control 

of his vehicle at high speed. 

The driver's inexperience in handling a car and possibly other 

unknown causes resulted in the vehicle crossing a median into 

opposing traffic. 

The driver's inattention to traffic and preoccupation with pending 

activities resulted in her rear-ending a vehicle stopped for a 

traffic signal. 

2-037/ 38* An elderly driver blacked out and caused a multiple car, rear-end 

accident to vehicles stopped for a traffic signal. 
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2-039*t 

2-04o*t 

* 

Driver~ approached uncontrolled intersection at excessive 

speed. 

Inadequate warning for street excavation caused a phantom 

vehicle to swerve. The driver overreacted to the phantom 

vehicle. 

Human error. 

tEnvironmental problem. 
:j: 
Vehicle defect. 
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Appendix E 

CASE SUMMARIES 

All case summaries in this appendix are reprinted sections from 

the complete reports of individual cases investigated by SCAT. 

The individual reports, prepared for the U.S. Department of 
Transportation, National Highway Traffic Safety Administration, 

Washington, D.C. 20590, are titled by case number under the com­

mon title "Multidisciplinary Accident Investigation." For ex­

ample, the first report is entitled "Multidisciplinary Accident 

Investigation: Case No. SRI 2-001." 





Stanford Research Institute Multidisciplinary 
Accident Investigation Team Case SRI 2-001 

I CASE SUMMARY 
(Car-Ran Off Roadway, Rollover) 

Identification 

' This accident occurred_~n State Route 9 at milepost 2.12, 2.2 miles , 
east of State Route 35 in rural Santa Clara County, California on an open 
roadway, May 26, 1972, 9:50 p.m., Friday. One car ran off the road on a 
curve, went down an embankment, impacted trees and rolled over, IP (injury 
producing) AIS* 4. Figure 1 is a plan view of the accident scene. 

Ambience 

0 
The accident occurred at night, clear sky, full moon, 58 F, relative 

humidity 80 percent, wind N.W. 5 mph, dry pavement. 

Highway 

State Route 9 is a two-lane arterial mountain road 23 ft wide. Other 
characteristics include: eastbound lane 12 ft 9 in. wide, asphalt pavement, 
south shoulder 2 ft 11 in. wide dirt, no guardrail or curb, constant radius 
turn, outside radius 182 ft eastbound downgrade ~5 percent, no lighting, one 
access per one-quarter mile, and numerous trees (wooded area). In the period 
from January 1, 1969, to December 31, 1971, there .have been five accidents-­
two injury producing and three property damaging--between mileposts 2.06 and 
2.15; traffic volume 290-330 vehicles (at peak hours), 1650-1750 (peak month 
average daily traffic, ADT), 1200-1300 (annual ADT) for 1969.t 

Traffic Controls 

State Route 9 has: no posted speed limit; broken yellow and white 
lines dividing the east and westbound lanes; road edge delineator for west­
bound lane, but none for eastbound; no signs; and no signals. The outside 
of the turn marked with paddle markers. 

* States, J. D., "The Abbreviated and the Comprehensive Research Injury 
Scales," Proceedings of the Thirteenth Stapp Car Crash Conference, 
Society of Automotive Engineers, Inc., New York, 1969, pp. 282-294. 

t State of California, Division of Highways 1969 Traffic Volumes on The 
California State Highway System (Sacramento, 1969) p. 23. 

E-1 



Vehicles 

Vehicle No. 1 was a 1972 Chevrolet Vega 2300, 2-door red sedan, with 

1751 miles, no inspection sticker, no power accessories, padded dashboard, 
sunvisors and steering wheel spokes, 3-point torso restraints for driver 

and front seat passenger, and lap belts for rear seat occupants. There 

was no evidence of precrash defects, and warrantee maintenance had been 

performed. 

There was crash damage to front bumper, grille, hood and left front 

suspension. There also was a cracked windshield, rollover damage to · 

sides and roof, front seat backs bent during impact by rear seat occupants, 

steering wheel and floor-mounted shift lever displaced to the left, and 
* deflated front left tire. CDC (Primary) 12-FDEN-2, (Secondary) 00-TPG0-2. 

Total loss. 

Occupants 

Driver No. 1 was in the left front; he was a 17-year-old male, 
67-1/2 in. tall, weighing 130 lbs. His driving experience had been ir­

regular for one year (could borrow father's car occasionally). Other 

information obtained included: trip plan social to social (mileage 

unknown, no particular ETA); vehicle driven twice before; area familiar 

both as driver and passenger; driver education in sophomore year high 
school; physical condition of the driver: corrective glasses, smokes 

cigarettes, no physical limitation; mental condition unknown; blood 

alcohol test negative (had consumed equivalent of one and one-half beers); 
drug test 5-ppm secobarbital, no other drugs; lap restraint used, upper 

torso restraint not used. 

Injuries to the driver included a minor laceration over right eye­

brow; nose bleed; nondisplaced transverse fracture of lateral aspect of 
scapula (at glenoid "neck"); and transverse fracture of left proximal 

fifth metatarsal. 

AMA-AIS 2 

The right front occupant was a 14-year-old female approximately 

62-in. tall, weighing approximately 88 lbs. Her physical condition un­

known. Lap restraint was used; however, the upper torso restraint was 
not used. 

* Collision Deformation Code. 
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Her injuries included a "blue" right eye with minor abrasion above, 

minor abrasion on left knee, superficial abrasions on abdomen, perfora­

tion of jejunum and serosal tear of ascending colon, and rhus dermatitas 
"(I 

(poison oak) on neck. She was unconscious at least 25 minutes with 

amnesia of accident. 

AMA-AIS 4 

The left rear occupant was a 14-year-old female, "tall and slender," 
weighing approximately 115 lbs. Her phy sical condition was unknown. Lap 

restraint was used. 

Her injuries consisted of complaints of pain in abdominal area. 

AMA-AIS 1 

The right rear occupant was a 16-year-old male, 71-1/2 in. tall, 

weighing 135 lbs. His physical condition was unknown. Lap restraint was 

used. 

His injuries included abrasions and bruises in the abdominal area. 

AMA-AIS 1 

Applicable Standards 

State of California Highway Transportation's Agency, Planning Manual 

of Instructions, Part 8- Traffic: Sec . . 8-604. 2 "Guard Rails on Embank­

ments" and Sec. 8-605.2 "Guide Marker Spacing." 

The following Traffic Safety Program Standards (TSPS) and/or Motor 

Vehicle Program Standards (MVPS) were relevant to this case: 

TSPS 4.4.4 Driver Education 

TSPS 4.4.5, VII A Driver Licensing 

TSPS 4.4.12 Highway Design, Construction and Maintenance 

TSPS 4.4.15 Police Traffic Services 

TSPS 4.4.16 Debris Hazard Control and Cleanup 

MVSP 208, Occupant Crash Protection, and 209, Seat Belt Assemblies 

in Passenger Cars 
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Description 

Precrash 

Vehicle No. 1 was proceeding east (downhill) on State Route 9 at a 

driver-estimated speed of 35 mph. The vehicle entered a 190° turn to the 
left, and traveled approximately 560 ft in the turn before driving onto 

the dirt shoulder. Driver No. 1 was under the influence of drugs. 

Crash 

Vehicle No. 1 left the shoulder, went over a dirt "curb'' 18-in. high 

and then went down a steep embankment. The vehicle impacted a first tree 
on the left, breaking off a large branch, and then impacted a second tree 
head on. The second tree contacted the front of the vehicle about 12-in. 
left of center. The vehicle spun 180° in a counterclockwise direction 

(as viewed from above), rolled over first on its left side, then onto its 
roof, and came to rest on its right side, farther down the embankment, 

having broken a limb off a third tree. 

Postcrash 

Driver of westbound vehicle saw Vehicle No. 1 leave the road. He 
stopped and flagged down another motorist, who notified the California 

Highway Patrol. Driver No. 1 and the rear seat passengers were able to 

leave the vehicle unassisted through the left side window. The right 
front passenger, who was more seriously injured, was removed from the 

vehicle by a sheriff's deputy and then taken by ambulance to a hospital. 

After some delay, Vehicle No. 1 was winched up to the road and towed 

away. 
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Causal Factors, Conclusions, and Recommendations 

Matrix Element Diagram 

The following diagram defines the numbering system used in the fol­
lowing matrix element description. 

Human 

Vehicle 

Pre­
crash 

1 

4 

Crash 

2 

5 

Post­
crash 

3 

6 

Environmental 7 8 9 

Accident 
Avoidance 

Injury 
Prevention 

Restoration 
and Cleanup 

Matrix Element Description 

Matrix Cell No. 
(*indicates 

positive factor) 

1 

1 

1 

1 

*l 

Explanation 

Driver No. 1 driving while under the influence of 
secobarbi tal. 
Recommend: Driver training include effects of drugs 
in addition to alcohol on driver's performance. 

Driver No. 1 had history of secobarbital drug abuse. 
Recommend: Driver licensing programs include li­
censee's medical history as an evaluative factor. 

Driver No. 1 failed to control vehicle in curve, took 
no evasive action. 

Front seat occupants did not use available upper torso 
restraints. 

All occupants used lap restraints. 

E-5 



Matrix Cell No. 
(*indicates 

positive factor) 

2 

3 

*3 

3 

7 

7 

Explanation 

RR passenger braced against right front seat back, 
possibly aggravating RF passenger's injuries. 

Postaccident traffic control not adequate due to lack 
of personnel. 

Witness stopped at scene to aid victims, told another 
motorist to notify ambulance, 

Sheriff unit in vicinity went directly to scene, 
although not in his jurisdiction. 

Driver No. 1 turned off ignition when he heard ignition 
switch buzzer activated by open left door, 

Blood samples for blood alcohol and drug analysis were 
drawn. 

A single blood level test for drugs was conducted. In 
order to determine blood levels, a series of tests should 
be run to permit backward extrapolation to determine the 
level at the time of the crash. 

Absence of guardrail allowed vehicle to go down embank­
ment. 

Spacing of guide markers (paddle markers) too large for 
radius of curvature of accident curve as defined by 
California Highway Transportation Agency Planning Manual. 
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Identification 

Stanford Research Institute Multidisciplinary 
Accident Investigation Team Case SRI 2-002 

I CASE SUMMARY 

(3 Car Rearend Collision) 

This accident occurred on the merging portion of the ramp carrying traffic 
from eastbound Oregon Expressway to southbound Alma Street in Palo Alto, 
California, June 5, 1972, 4:30 p.m. , Monday involving 3 cars, rearend collision, 
injury producing, AIS* 2. Figure la is a plan view of the accident scene. 

Ambience 

Day, clear sky, so°F, 41% relative humidity, dry pavement. 

Highway 

Alma Street is a 4 lane major arterial street, 51' wide, 5' paved shoulder 
adjacent to northbound lanes, no shoulder for southbound lanes, no divider, 
811 concrete curbs on east side; 6" concrete curb on west side, asphalt paving, straigh1 
level, negligible superelevation, less than 1 access per¼ mile on west side 
Of street, numerous accesses (driveways and streets) on east side of street. 

The ramp from eastbound Oregon Expressway is 18.5' wide, one lane, concrete, 
no shoulder, 8 11 high and 1 . 75' wide curbs, retaining wall on east and west 
side, straight, 6% grade ascending from 21' below Alma and then leveling off 
at grade with Alma approximately 40' from nose of gore on east side of ramp, 
negligible superelevation . This is followed -by an asphalt merging lane. 

At the ramp terminal where it merges with Alma, there have been seven 
rearend collisions all occurring between 4:20 p.m. and 6:50 p.m. on working 
days, from 1969 through January 1972; two were injury producing.** 

• States, J . D., "The Abbreviated and the Comprehensive Research Injury Scales," 
Proceedings of the Thirteenth Stfapp Car Crash Conference, Society of 
Automotive Engineers, Inc., New York, 1969, pp. 282-294. 

** Information from City of Palo Alto . 
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Traffic Controls 

Traffic controls on Alma consisted of a posted speed limit of 35 mph, 
double yellow lines and yellow reflective markers dividing opposing lanes, 
broken white lines and clear reflective markers separating traffic lanes, 
a "merging traffic" sign on Alma before the ramp, and no signals in the vicinity 

of the accident scene. A "no turn" sign is on the west side of the ramp after 

leveling of merging lane. 

Vehicles 

Vehicle 1, 1969 Oldsmobile Toronado, light blue, 2-door hardtop, odometer 
reading 21,340 miles, no inspection stickers, power steering and brakes, padded 
dash, steering wheel spokes and sunvisors, 4-point lap and torso restraints, 

no evidence of pre-crash defects, clean and well maintained, with new radial­

ply tires. 

Bumper and grille pushed back, hood buckled, hood latch jammed, damage 
to headlight concealing mechanism. COC* 12-FDEW-l. 

Vehicle 2, 1969 Volkswagen 1500, light blue, 2-door sedan. odometer reading 
71,892 miles, California Highway Patrol Inspection Sticker, expires December 

31, 1972, no power accessories, padded dash and sunvisors, 3-point restraints, 
no evidence of pre-crash defects, driver claims preventive maintenance checks 

every 3,000 miles. 

Damage of rear bumper, rear fenders, engine compartment lid and taillights, 
damage to headlights, front bumper, trunk lid, and front fenders The fuel 
tank was slightly deformed, and the driver · s seat separated from tracks, bent 
steering wheel rim. COC* (primary) 06-BDEW-3, (secondary) 12-FDEW-2 

Vehicle 3, 1961 Comet 2-door sedan, blue, no restraint svstem Because 
of the minor involvement of this vehicle, no further data were collected. 

Rear bumper and fuel tank dentAd, trunk lid latch loosened. CDC* 06-BDLW-l. 

Occupants 

Driver 1, was a 41-year-old male, 73", 240 lbs., driving experience 24 
years at an average of 14,000 miles/vear. His trip plan was work to automobile 
garage and then home. The vehicle wns purchased 10 months prior to the accident 
as a used car from an Oldsmobile dealer. The driver was "fairly" familiar with the 
area although it was not his usual route home; no driver education. "excellent" 
physical condition; lap restraint only. 

* 
Collision Deformation Classification 
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Injuries: None 

Driver 2, 49-year-old female, 62", 130 lbs., driving experience 26 years 

at an average of 20,000 miles/year. The trip plan was work to home; vehicle 

was purchased new and driven for 4 years; driver used same route to and from 

work for 4 months; driver education at commercial driving school 26 years ago; 

"good" physical condition but "has been having many emotional problems"; 

seat all the way forward, no restraints used. 

Injuries: Concussion; severe neck sprain; lumbar spine sprain; nose bleed 
I 

at scene; upper lip laceration; minor contusions of right arm (inside upp~r), 
lef~ arm (inside elbow), at crest of ilium, right leg (outside near ankle) and 

left leg (top of ankle). 

AMA-AIS 2 

Driver 3, 50-year-old male, 68", 205 lbs., driving experience 30 years 
(no estimate of miles/year); trip plan work to home; vehicle purchased as used 

car and driven for 3-4 years; usual route taken to and from work. No driver 
education course; physical and mental conditon unknown; no restraints available. 

Injuries: None 

Applicable Standards 

The following Traffic Safety Program Standards (TSPS) and/or Motor Vehicle 
Safety Standards (MVSS) were relevant to this case: 

TSPS 9 Identification and Surveillance of Accident Locations 

TSPS 10 Traffic Records 

TSPS 12 Highway Design, Construction and Maintenance 

MVSS 207 Anchorage of Seats 

Description 

Precrash 

Vehicles 1, 2, and 3 were eastbound on Page Mill Road (Oregon Expressway) 

to southbound Alma Street. Vehicles 2 and 3 traveled inclining portion 
of ramp. When Driver~ reached the ramp terminal where he could merge with traffic, 
he stopped. Vehicle 2, following Vehicle 3 was slowing down. Driver 1 traveling 

the ramp at a self-estimated speed of 25 mph turned his attention from Vehicle 
2 ahead to check the southbound traffic flow on his left. Upon looking forward, 
Vehicle 2 had stopped. Driver 1 applied brakes, skidded and impacted Vehicle 2. 
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Crash 

Driver 2 was forced back against the seat by the vehicle acceleration, 
breaking the seat mounts. Vehicle 2 was then propelled forward into the rearend 
of Vehicle 3 causing Driver 2 and seat to move forward where she contacted the 
steering wheel. 

Postcrash 

Vehicle 1 was driven to right side of ramp to prevent blocking the traffic. 
Drivor 3 sat for a "brief moment", then drove his car to right side of road. 
Drivers 3 and l met at Vehicle 2. Driver 3 assisted Driver 2 wipe blood from 
face, then shouted to onlooker across traffic to call the police. One policeman 
arrived and checked Driver 2 who was pinned in vehicle. Ambulance and second 
policeman arrived. To remove Driver 2 from car, policeman and ambulance driver 
lifted front seat with driver intact, moved both against rear seat and then lifted 
driver onto stretcher. Ambulance proceeded to hospital. The second policeman on 
the scene directed traffic. The towing service cleared glass and towed Vehicle 2 
from scene. Drivers land 3 drove their vehicles from the scene. 

Causal Factors, Conclusions, and Recommendations 

Matrix Element Diagram 

The following diagram defines the numbering system used in the matrix 
element description. 

Human 

Vehicle 

Environmental 

Pre­
crash 

1 

4 

7 

Accident 
Avoidance 
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Crash 

2 

5 

8 

Injury 
Prevention 

Post­
crash 

3 

6 

9 

Restoration 
and Cleanup 



Matrix Element Description 

Matrix Cell No. 

(*indicates 

positive factor) 

1 

2 

*3 

5 

5 

7 

Explanation 

Driver 1, inattention to vehicles directly ahead. Creeping 
effect of both Vehicles 2 and 3 may have given Driver 1 

impression of merging. 

Ori ver .2 was not wearing restraint system. 

Drivers 1 and 3 moved vehicles to right of roadway to prevent 
blocking traffic. 

Vehicle 2 was equipped with high seat back, but because it did 
not prevent spinal injuries, could not be a positive factor. 

Vehicle 2 driver's seat was dislodged from floor mounting. 

Motor Vehicle Safety Standard 207. 

Design of ramp with 6 percent upgrade, retaining walls and 

only about 140 ft. at grade transition causes sight distance 

problems to the rear. TSPS 12. 

City of Palo Alto identified accident site as part of an 
interchange accident problem through use of accident records. 

TSPS 9 and 10. 
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Stanford Research Institute Multidisciplinary 

Accident Investigation Team Case SRI 2-003 

I CASE SUMMARY 

(Car/car - Oblique Head-on) 

Identification 

This accident occurred at the intersection of Senter Road and 

Capitol Expressway in San Jose, California, July 6, 1972, 12:40 a.m., 

Thursday. Vehicle 1 attempted a left turn in front of Vehicle 2 traveling 

in the opposite direction. Collision was left headlight to left headlight. 
A bystander, attempting to help, placed a flare which ignited fuel leaking 
from Vehicle 2 fuel tank. IP (injury producing) AIS* 3. Figure 1 is 
a plan view of the accident scene. 

Ambience 

The accident occurred at night, 55 °F, relative humidity 90 percent, 

wind 10 knots from WSW, dry pavement. 

Highway 

Senter Road is a two-lane arterial road which has been widened to 

4 lanes plus left turn lane on either side of the intersection with 
Capitol Expressway. Other characteristics include: no median divider, 

asphalt surface, concrete curbs, straight and level, negligible crown, 
mercury vapor illumination, 27 accesses and 25 poles in the last¼ 

mile traveled by Vehicle 1, 13 accesses and 26 poles in the last¼ 

mile traveled by Vehicle 2. Capitol Expressway is a six-lane expressway 

114 feet wide, with raised median divider, asphalt paving, concrete curbs 

at road edges and median, level and curving slightly on either side of 

intersection, negligible crown, 400 watt mercury vapor luminaires. Fifty-two 

accidents at intersection from 1970 to May 1972, 40 property damage only, 

12 injury producing, 0 fatalities; traffic volume, standard day inbound 

to the intersection: 13,377 on Senter; 32,513 on Capitol.** 

* 

** 

American Medical Association Abbreviated Injury Scale (see GM Form in 

Appendix B for complete description of AIS). 

City of San Jose, Department of Public Works, Traffic Engineering 

Division, 1972 figures. 
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Traffic Controls 

Senter Road: speed limit 35 mph, double yellow lines between 
northbound and southbound lanes, broken white lines between traffic lanes, 
left pointing arrow and word "om,y" painted on pavement, pedestrian 

crossing delineated by solid yellow lines, no . signs. The intersection 
has fully traffic actuated signals with inductive loop detection on all 
phases, and following timings:+ on Senter, green 12-16 seconds, yellow 3.5 

seconds; on Capitol, green 17-30 seconds, yellow 4 seconds; on Capitol 
left turn signals, green 4.5 to 7.5 seconds, yellow 3 seconds. There is 
no left turn signal for Senter Road. Controller type is 5 phase solid 

state type 90 controller. 

Vehicles 

Vehicle 1, car, 1971 Pontiac Firebird 2-door hardtop, green with 
black vinyl roof, odometer reading 4221 miles, no inspection sticker, 

power brakes and power steering, padded instrument panel, steering wheel 
spokes and sun visors, 4-point restraints, no evidence of pre-crash 
defects, Driver 1 stated the car was taken to the garage where it had 

been purchased 1 month prior to accident for a new gas gauge and because 
the transmission was "hanging up in low." 

Damage: Bumper-grille pushed in and distorted, left front fender 

buckled, leading edge of optional air scoop fiberglass hood damaged, 

entire front end of car displaced to the left, windshield cracked by 

occupant contact, small dent in lower part of instrument panel, steering 

wheel rim bent slightly. CDC* 01 ·FDEW-2. 

Vehicle 2, car, 1960 Corvair, 2-door Coupe, gray, odometer illegi~le 
due to fire, no inspection sticker, no power accessories, no padded 
components, no restraints, no evidence of pre-crash defects, routine 

'maintenance performed one month prior to accident. 

Damage: Front end of vehicle pushed in on left side, wheelbase 
shortened 12 inches on left side, windshield missing, dashboard distorted, 
steering column rearward movement, damage to front seat backs due to 

occupant contact, extensive fire damage to interior. CDC* 11-FYEW-3. 

* 
Collision Deformation Classification Society of Automotive Engineers 
Technical Repo~t J224a. 

+ As measured at the scene 
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Occupants 

Driver 1 was a 58-year-old female 63½", 110 lbs, driving experi­

ience 3 years (could not estimate average miles/year) . Her trip plan was 
daughter's home to home . Vehicle was purchased 10 months prior to accident 

as a used car . Driver was "somewhat familiar" with area but does not drive 
route at night. 

Driver 1, took a commercial driving course 3 years ago . After 

"learning to drive" , she obtained her California license . Physical and 

mental condition: blood-alcohol analysis was . 22%. No res tTaint :-; ys t <'m 

was in use. 

Injuries: Police report states only a cut lip. From vehicle 
interior evidence her head contacted the windshield and various 
dents around the console indicate contusions on right side of 
person. 

AIS X (injured, but severity not known) 

Driver 2, 18-year-old female , 64", approximately 128 lbs., 1 year 

driving experience (average yearly mileage unknown) trip plan. friends 

to home (approximately six miles ETA unknown), owned and driven vehicle 

for 1 year, drives road at least once-a-week , driver education in high 
school approximately two years prior to accident , physical condition: 
contact lenses (worn the night of accident), no flu, cold, or mens trual 
period; other conditions unknown; mental condition unknown; no medications , 

no alcohol; no restraints used (not available) . 

Injuries: Bruise left lower face near chin , one half inch 

laceration (requiring stitches) under chin, approximately 

5-inch bruise on right breast, abrasions and 1 . 3 inch lacera­

tion on medial aspect left knee (requiring stitches), bruise 

medial area left knee, laceration on lateral lower left leg, 
bruises and stellate laceration below· right knee, bruises lower 
legs, second degree burns on forehead and left cheek , second 
and third degree burns on left upper arm, second degree burns 

on dorsal surface left hand, concussion (doesn't remember the 

accident). 

AIS 1 

Right front passenger, 17-year-old female, 63", weight unknown 

{estimated at 175 lbs.), no restraints used (not available). 
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Injuries: Approximately 4
11 

laceration from below arch of left 
eyebrow obliquely to the left to approximately one inch inside 
hairline, lacerations in center of forehead at hairline, bruise 
and swelling under chin, bruise lateral right upper arm, bruises 
and soreness on right and left breast, approximately 3 inches 
diagonal bruise from approximately midline to lateral aspect of 
anterior proximal left lower arm, bruise and lump on dorsal left 
upper arm, left hand knuckles sore, abrasions and bruises on 
left knee, vertical laceration on proximal lateral left lower 
leg (near knee), bruises on midportion lateral left lower leg, 
abrasions on right knee, compound comminuted fracture of distal 
third right tibia and fibula, approximately 3 11 transverse 
laceration at fracture site, concussion (doesn't remember the 
accident). 

AIS 3 

Right Rear Passenger, 10-year-old female, approximately 56"· and 120 lbs., 
no restraints used (not available). 

Injuries: Bruise at right eye (eye "black and blue"), laceration on 
right lower leg, sm~ll laceration on top of head under hair. 

AIS 1 

Left Rear Lap Passenger, 4-year-old female, height and weight unknown, 
seated on lap of left rear passenger, no restraints used (not available). 

Injuries: Bruise on lower leg. 

AIS 1 

Left Rear Passenger, 10-year-old female, 56", 119 lbs., holding Left 
Rear Lap Passenger on right leg, no restraints used (not availible). 

Injuries: Contusions and abrasions lateral left lower leg 
and medial right lower leg, abrasion on left shoulder, con­
tusion of left side of forehead. 

AIS 1 

Applicable Standards 

TSPS 4 Driver Education 

MVSS 204 Steering Control Rearward Displacement 

MVSS 301 Fuel Tanks, Fuel Filter Pipes, and Fuel Tank Connections 

MVSS 302 Flammability of Vehicle Interior Materials 
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Description 

Prccrash 

Vehicle l was southbound on Senter in lane S2 and Vehicle 2 wa~ 
northbound on Senter in lane N2. Vehicle l bep;an to make ,l left turn 

in the loft turn lane at the intersection with Capitol Expressway. 

lt is assumed that the signal light was green. Apparently Driver 2 

took no evasive action; there were no skidmarks. Driver 1 abilitv to 
drive was degraded by 0.22% blood/alcohol . 

Crash 

Vehicle 1 started the turn and was impacted in the area of the left 

headlight by Vehicle 2. The collision caused Vehicle l to spin approximately 
95° counterclockwise (as viewed from above) before coming to rest . 

Vehicle 2 rotated about 35° clockwise. The speed of Vehicle 1 was estimated 
as 20 mph; of Vehicle 2, as 36 mph. Driver l received a cut lip. 

The occupants of Vehicle 2 moved forward at impact. The right front 
passenger hit the dashboard and windshield receiving multiple lacerations 

and contusions She broke the right tibia and fibula, probably upon 

fallin~ to the floor. Driver 2 received multiple contusions and lacera-
tions on her knees. The rear passengers in Vehicle 2 received contusions and 

some lacerations from impact with the sides of the vehicle and the seat-

backs of the front seats. The direction of impact to Vehicle 1 was 

1 o'clock. Vehicle 1 grille and bumper were damaged on the left side; 
the frame at the front was bent to the left. The windshield was cracked 

and the steering wheel rim slightly bent. The direction of impact to 
Vehicle 2 was 11 o'clock. The front end was severely crushed moving the 
left front wheel back about 12 inches. The windshield was entirely 

separated and the opening distorted. 

Postcrash 

Witnesses removed four of the occupants from Vehicle 2 but were' 

unable to remove Driver 2 until after she was burned by a fire 

caused by a flare placed near the front of the vehicle where the fuel 

tank was leaking. Fire units put out the fire. Ambulance attendants 

gave first aid at the scene as was required. The westbound lanes of 

Capitol were blocked off by flares; some were placed on Senter to keep 

cars from going north. The tow units cleaned up the glass debris. 
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Causal Factors, Conclusions, and Recommendations 

Matrix Element Diagram 

The following diagram defines the numbering system used in the> 
matrix element description. 

Human 

Vehicle 

Environmental 

Pre­
crash 

1 

4 

7 

Crash 

2 

5 

8 

Post­
crash 

3 

6 

9 

.,. 
l 

Accident 
Avoidance 

Injury 
Prevention 

Restoration 
and Cleanup 

Matrix Element Description 

Matrix Cell No. 
(* indicates positive factor) EKplanation 

Accident Causation 

1 

7 

1 

Primary or Principal Cause(s) 

Driver 1 made an unsafe left turn, not 
waiting for the on-coming Vehicle 2 to go 
through the intersection (definite). 

There is no left turn signal for Senter Road 
(definite). If a signal had been present the 
accident might not have occurred, depending 
on the driver reaction . 

Severity Increasing Factor(s) 

Driver 2 did not take evasive action (probable) . 
(Driver 2 did not remember tne ~~cident) . 
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1 

l njury Causation 

5 

*2 

Post-Crash Factors 

*3 

3 

5 

Recommendations 

5 

1 

5 

Relevant Conditions 

Driver 1 was intoxicated ( .22% blood/alcoho l). 
This condition affected her judgmsnt 

and reaction to the situation (probabll•) . 

Vehicle 2 (1960 Corvair) was not equipped with 

seat belts (Driver 2 did not install them) 

(definite). 

Driver 2 did not receive chest injuries 

(only bruises on right breast) even though 

steering column moved back 4.8 inches (defi nite) . 

Witnesses aided injured in exitinv; Vehicle::! . 

A flare was placed too close to leaking 

fuel tank in front of Vehicle 2 causing 

a fire {probable). 

Fuel tank of Vehicle 2 was damaged causing 

fuel leakage (definite). 

It is recommended that consideration be given to 

a requirement for retroactive installation of complete 

restraint systems. 

Continued effort in alcohol program is recommended. 

Protection of fuel tank and fittings to prevent 

post crash hazard is recommended. 
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Identification 

Stanford Research Institute Multidisciplinary 

Accident Investigation Team Case SRI 2-004 

I CASE SUMMARY 

(Car/Car/ Guardrail) 

This accident occurred on U.S. 101 in San Jose, California, open roadway, 

July 27, 1972, 1345 hours, Thursday, 2 cars, one with inoperative steering, 

one car spun out and contacted other car and median guardrail. Injury producing. 
AIS* 1. Because the principal interest in this case is a vehicle defect, human 
and environmental factors have been de-emphasized. 

Ambience 

Day, no precipitation, 76°F, 48% humidity, wind 5 mph from 300°, visibility 

12 miles, dry pavement, coefficient of friction 0.5-0.6 estimated. 

Highway 

U.S. 101 freeway 88 ft. wide, 6 lanes, W-beam median guardrail, asphalt 
paving, approximately 1,500' radius left curve, negligible grade and crown, 

1 access per quarter mile. 

Traffic Controls 

Speed limit 65 mph, lanes delineated by broken white lines, raised buttons 

and reflectors. 

Vehicles 

Vehicle No. 1, 1971 Ford Pinto, 2-door, green, odometer reading 12,183 miles, 

padded dashboard, steering wheel hub and sunvisors, 3-point restraints, 

malfunctioning steering lock, no evidence of other defects, maintenance unknown, 

involved in serious accident November 6, 1971. 

* States, J.D., "The Abbreviated and the Comprehensive Research Injury 
Scales," Proceedings of the Thirteenth Stapp Car Crash Conference, 
Society of Automotive Engineers, Inc., New York, 1969, pp. 282-294. 
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Damage: Left and right rear corners crushed. COC* 08-LBME-2 (primary) 

05-RBME-l (secondary) 

Vehicle No. 2, 1968 Chevrolet Impala, unavailable for inspection. 

Damage: (Owner's description of damage) slight damage to left front 

fender, broken headlight and headlight surround. 

Occupants 

Driver 1, 34-year-old female, 66-1/2", 125 lbs, driving experience 16 

years at an average in the last two years of 25,000 miles/year. Trip plan: 
Driver 1, employed by_ tow agency, was delivering Vehicle 1 from auto auction 

sale on Tully Road to dealer on N. 1st Street. Driver 1 has driven most 
types of cars includi~g Pintos bu~ this was the first time she had driven 
this Pinto (Vehicle 1). She is very familiar with the area and usually drives 
that highway several times a week. No driver education; physical and mental 

health was not obtained, no restraints used. 

Injuries: Soreness in neck, right shoulder, back, ribs in middle front 

below breasts and left leg. Abrasion on left knee. AMA-AIS 1. 

Driver 2 was a 53-year-old male, height and weight unknown, driving 

_experience unknown, trip plan unknown, vehicle familiarity unknown, road 

familiarity high, driver education unknown, physical and mental condition 

good, restraint use unknown, no injuries. 

Applicable Standards 

The following Motor Vehicle Program Standard was relevant to this case: 

MVSS #114 Theft Protection: This standard negatively affects vehicle 

safety when the steering locking devise malfunctions and locks during vehicle 
operation. 

* Collision Deformation Classification, Society of Automotive Engineers 
Technical Report J224a. 
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Description 

Precrash 

Vehicle 1 was proceeding northbound in lane N2 on U.S. 101 at a driver­

estimated speed of 50 mph, and Vehicle 2 was traveling in lane N3 at approxi­

mately the same speed behind vehicle 1. Driver 1 turned on the turn signals 

in preparation for a lane change to the right. Driver 1 apparently made a 
quick steering correction to the left before the steering locked because of 

malfunction in the anti-theft steering lock. Subsequent application of the 

brakes in the absence of steerin~ control was probably responsible for 

putting Vehicle 1 in a counter clockwise spin in front of Vehicle 2 which 
was traveling in Nl. 

Crash 

Vehicle 2 impacted the left rear fender of Vehicle 1 after Vehicle 1 had 
spun about 135° counter clockwise as seen from above. Vehicle 1 then impacted 

the median guardrail with the right rear fender and continued to spin, finally 

coming to rest pointing in the original direction of travel. 

Postcrash 

A tow driver stopped and radioed for the California Highway Patrol. He 
also placed some flares. Driver 1 was taken to hospital emergency room by the 

tow driver, was admitted for observation. Vehicle 1 was towed from the scene, 
and Vehicle 2 was driven away. 

Vehicle 1 was examined by SCAT. It was determined that the "self-locking" 

steering characteristic on this car was caused by the partial collapse of the 

energy absorbing steering column. It seems likely that the collapse occurred 

in a previous accident involving this vehicle, which occurred on November 6, 1971. 

Causal Factors, Conclusions, and Recommendations 

Matrix Element Diagram 

The following diagram defines the numbering system used in the matrix 

element description. 

Human 

Vehicle 

Environmental 

Pre­

crash 

1 

4 

7 

Crash 

2 

5 

8 

Accident Injury 

Avoidance Prevention 
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Post­
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Restoration 
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Matrix Element Description 

Matrix Cell No. 
(* indicates positive factor) 

Accident Causation 

4 

1 

4 

1 

Recommendations 

4 

Explanation 

Primary or Principal Causes 

Vehicle was involved in previous accident which 

resulted in partial collapse of steering 

column. (probable) 

Driver 1 inadvertently pressed steering lock 

activator button while operating turn signal 

(probable). 

Steering self-locked (definite) 

Relevant Condition 

Driver 1 was not completely familiar with 

Vehicle 1 (probable) 

Body shops repairing vehicles equipped with 

energy absorbing steering columns with steering 

locks which have been damaged in frontal 

collisions should be notified of the necessity 

for examining steering columns for partial 

collapse and other pertinent dimensional changes. 
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Stanford Research Institute Multidisciplinary 
Accident Investigation Team Case SRI 2-005 

I CASE SUMMARY 

(MV - Truck/Guardrail - Rollover) 

Identification 

This accident occurred on State Route 17 in San Jose, California, open 
roadway in an industrial area on August 3, 1972, at 1400 hrs, Thursday, one 
truck impacted median guardrail and rolled over, IP (injury producing) AIS *l. 

Ambience 

Day, clear sky, 73°F, 63% relative humidity, roadway dry. 

Highway 

Route 17 is a freeway 112 ft wide, 6 lanes, blocked out W-beam median 
guardrail, concrete roadway with asphalt shoulders, straight, 1 access per 
quarter mile. Number of accidents for Northbound 17, one quarter mile north 
and south of accident site: 1969, 12 (4 injury producing); 1970, 3 (2 injury 
producing) ; 1971, 11 ( 1 injury producing) . 

Traffic Controls 

Speed limit 65 mph. Lanes delineated by broken white lines, raised buttons 
and white reflectors, solid white right hand edge line and solid yellow left 
hand edge line. 

Vehicles 

Vehicle No. 1, truck, 1972 International Harvester DM106, six doors (one 
on the 1eft side, three on the right side and two on the rear), white over red, 
step van, 3,260 miles, no power accessories or padded components, lap restraint 
only, no known defects, maintenance unknown. Major damage to right front 
with rhombic deformation to entire body along its longitudinal axis with the 
top displaced to the right as viewed from the rear. Minor damage to left and 
right sides. coct 02-RFME-3 (primary), 00-LDAO-l (secondary). 

* 

t 

States, J.P., "The Abbreviated and the Comprehensive Research Injury Scales," 
Proceedings of the Thirteenth Stapp Car Crash Conference, Society of 
Automotive Engineers, Inc. 

Collision Deformation Classification, Society of Automotive Engineers 
Technical Report J224a. 
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Occupants 

Driver 1, 28-year-old male, 74", 200 lbs., 12 years driving experience, 
averages 20,000 miles annually, occupation: truck driver. Trip plan was 
from customer (equipment delivery) to International Harvester garage, no ETA. 
Driver 1 was assigned accident vehicle when it was purchased new by his 
employer approximately three weeks prior to the accident. Driver l had driven 
the accident vehicle over 3,000 miles during this time and he estimated that 
half of this was with the vehicle loaded and half unloaded. Driver l stated 
that the accident vehicle "handled differently" than the previous vehicles he 
had driven. Driver 1 was familiar with the road and traveled it daily during 
the two months preceding the accident. Driver 1 completed a high school 
drivers education course at the age of 16. His physical health is good, mental 
condition unknown. Lap restraint available, but not used. 

Injuries: Puncture wound on inside calf of right leg; pulled muscles 
in head, neck, left shoulder and back. AMA-AIS 1. 

Applicable Standards 

The following Traffic Safety Program Standard (TSPS) was relevant to 
this case: 

TSPS #12 Highway Design , Construction and Maintenance. This standard is 
relevant to this case because the accident vehicle traversed a degraded s ection 
of roadway in the approximate area it went out of control. Possible non­
compliance. 

Description 

Pre-Crash 

Vehicle 1 was northbound in Lane N2 on Highway 17 at a driver estimated 
speed of 55 to 60 mph. A car, traveling in front of Vehicle l braked, Driver l 
applied his brakes and at this time, Vehicle l swerved uncontrolled to the right 
into Lane Nl forcing the driver to the left of the vehicle. Vehicle 1 then 
went into a centrifugal skid to the left, causing Driver 1 to move to his right 
out of the driver's seat. Vehicle 1 skidded across Lanes N2 and N3 while 
rotating counterclockwise (as viewed from the top). 

Crash 

Vehicle 1 impacted the median guardrail with its right front and continued 
to rotate counterclockwise, impacting the guardrail with its right rear. The 
right front of Vehicle 1 rebounded away from the guardrail with the front pivoting 
counterclockwise about the vehicle's rear. The vehicle then rolled onto its 
left side coming to rest at a right angle to the guardra _l with its front facing 
towards Lane Nl. During the dynamics Driver l contacted the roof of the vehicle 
and the spare tire behind the driver's seat where he punctured his right leg 
on the spare tire securing bolt. 
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Post-Crash 

Driver 1 climbed out of the vehicle through the right front door. A 
southbound California Highway Patrol motorcyclist stopped, reported the 
accident and gave Driver 1 a pressure bandage for his right leg. Two CHP 
units responded, set flares and directed traffic. A tow truck righted Vehicle 1 
and towed it from the scene. Driver l was taken to the hospital emergency room by 
private car. 

Causal Factors, Conclusions, and Recommendations 

Matrix Element Diagram 

The following diagram defines the numbering system used in the following 
matrix element description. 

Human 

Vehicle 

Environmental 

Matrix Element Description 

Matrix Cell No. 
(* indicates positive factor) 

Accident Causation 

Pre-Crash Crash Post-Crash 

1 2 3 

4 5 6 

7 8 9 

Accident Injury Restoration 
Avoidance Prevention and Cleanup 

Explanation 

Primary or Principal Causes 

7 

4 

The road surface is in poor condition in the 
approximate area where the loss of control was 
initiated, causing Vehicle 1 to swerve to the 
right when the brakes were applied. (probable) 

OOT Memorandum 43-32 (August 16, 1972) states 
that the previous year model of Vehicle 1 has 
the possible problem of "wheel oscillations 
over rough surfaces." International Harvester 
indicated there had been no change in design of 
steering components in question on the case 
vehicle from the previous year. This or a related 
condition may have occurred and contributed to 
the loss of control; no brake defects were found . 
(possible) 
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Matrix Element Description (Continued) 

Matrix Cell No. Explanation 
(* indicates positive factor 

Accident Causation 

2 

4 

8* 

Injury Causation 

2 

Post-Crash Factors 

9* 

Recommendations 

4 

Severity Increasing Factors 

Driver not using available restraints which 
allowed him to be displaced from the driver's 
position, preventing him from attempting to 
bring Vehicle 1 under control. (definite) 

Vehicle 1 driver's seat configuration does not 
give driver adequate lateral support which 
allowed the unrestrained driver to be displaced 
from the driver's seat. (probable) 

Guardrail prevented Vehicle l from travelling 
into the path of opposing traffic. (def i nite) 

Driver 1 not wearing available restraint which 
may have reduced his injuries. (probable) 

Tow truck righted Vehicle 1, cleaned area and 
towed vehicle from scene in short period of time 
(about 5 min.), thus reducing exposure time of 
traffic to hazardous situation. (definite) 

Drivers of delivery trucks and other vehicles 
where the driver frequently leaves the vehicle 
may have a tendency not to use available restraints. 
It is suggested these vehicles be fitted with 
contured seats that give lateral support. 
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Identification 

Stanford Research Institute Multidisciplinary 

Accident Investigation Team Case SRI 2-006 

I CASE SUMMARY 

(Car/Car - Lateral) 

This accident occurred at the intersection of Tully Road, Alvin Street, 

and Lanai Street in San Jose, California, commercial area, August 5, 1972, 
Saturday, 0005 hrs. Vehicle 2 attempted a U-turn and was impacted in the 

right side by Vehicle 1. IP (Injury Producing) AIS l*. Figure 1 is a plan 
view of the accident scene. 

Ambience 

Night, no precipitation, 58°F, 60% relative humidity, dry pavement. 

Highway 

Tully Road is a 6-lane major arterial road, 106 ft. wide with a concrete 

median divider 8" high, 15 ft. wide, narrowing to 5 ft. to accommodate left turn 

lanes at Alvin and Lanai Streets. It is asphaltic concrete pavement with a 

2_ foot crown, mercury vapor luminaires; in the last¼ mile traveled by 

Vehicle 1 there are 5 poles and 2 accesses, in the last 1/4 mile traveled by 
Vehicle 2 there are 2 roads, 7 driveways, 10 poles and 1 tree; accident history: 
l970, 12(8 IP); 1971, 18(3 IP); 1972 (Jan-May), 8(3 IP). 

Traffic Controls 

Speed limit 40 mph, broken white line and reflective markers separating 

traffic lanes, solid white lines delineating the left turn lanes, no signals 

at intersection. 

Vehicles 

Vehicle 1, car, 1966 Ford Mustang, 2-door hardtop, yellow. Vehicle 
unavailable for inspection before being repaired, odometer reading, inspection 

data, padded component·s, power accessories unknown, lap restraints. 

* American Medical Association Abbreviated Injury Scale (AIS) (See Appendix A 

for complete description.) 
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Damage: Left side of bumper and grille pushed back, hood buckled, hood 

latch jammed, left front fender buckled, left front suspension bent. 

CDC* 11-FLEW-l. 

Vehicle 2, car, 1970 Volkswagen 113, 2 doors, green, sedan, odometer 

reading 53,371 miles, no inspection sticker, no power accessories, padded 
dashboard and sun visors, 3-point restraints, no evidence of pre-crash defects. 

Damage: Right door, B-pillar, roof, quarter panel and rear fender pushed 
in, right front seat damaged, right side of rear seat deformed, right side glass 

broken. CDC 03-RPAW-2. 

Occupants 

Driver 1: 18½-year-old male, 7011
, 150 lbs., 3 years driving experience 

(no estimate on number of miles/year), trip plan: friend's home to his 

(mother's) home (no ETA), familiar with area and route "driving it every time 
he is in San Jose" (interviewer estimated 2 or 3 times since returning from 

overseas), driver's education in sophomore year of high school (1969) and 
driver's training in 1970 in Northern California. Physical condition: "good". 

Mental condition: unknown. Restraints not used. 

Injuries: Knocked unconscious for about 30 seconds; back of ·neck and 
shoulders were stiff. AMA-AIS 1. 

Driver 2: 18½-year-old male, 68", 135 lbs, 3 years driving experience 
(could not estimate number of miles/year), trip plan: from home to hamburger 

drive-in (3 to 4 miles) and back home (no ETA). Five to six months experience 

~ith vehicle on work days (round trip 50 miles daily), drives route to drive-in 
every weekend and a portion of the route to work, driver training course 

beginning freshman year of high school and completed first semester of 
sophomore year with simulator and actual driving training (1968-1969). Physical 
condition: "good". Mental condition: life style altered recently due to 
forthcoming marriage (within 2 weeks). Restraints not used. 

Injuries: Abrasion over right eyebrow~ black and blue and swollen right 
eye. AMA-AIS 1. 

Description 

Pre-Crash 

Vehicle 2 was westbound on Tully Road approaching the freeway overpass 
where Tully Road crosses U.S. 101. Vehicle 2 entered the left turn lane with 

the intention of making a U-turn and going east on Tully. Vehicle 1 was eastbound 

on Tully in Lane E3. Driver 1 saw Vehicle 2 in the left turn lane as he came 

over the crest of the overpass, but did not see Vehicle 2 start to make a 

U-turn; Driver 1 saw Vehicle 2 broadside in front of him and applied his brakes 

hard, attempting to steer to the right (SCAT could find no skid marks at scene). 

* 
Collision Deformation Classification, Society of Automotive Engineers 
Technical Report J224a. 
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Matrix Cell Description (Continued) 

Matrix Cell No. 

(* indicates positive factor) Explanation 

Accident Causation 

1 

1 

1 

Recommendations 

7 

Primary or Principal Causes 

Driver 2 attempted unsafe U-turn in front of 

Vehicle 1 (definite) 

Driver 1 saw Vehicle 2 in left turn lane but 
didn't see him start his U-turn.(definite) 

Relevant Condition 

Driver 2 may have been preoccupied with 
per sonal matters (such as his upcoming 

marriage) and was therefore less attentive 

to his driving ( possible) 

The intersection has recently been recommended 

for signalization. A study should be made 

following the installation of signals to see 

if the accident rate is reduced. 

E-38 



Crash 

Vehicle 1 impacted Vehicle 2 in the right side. Since Vehicle 2 was moving 

at the instant of impact Vehicle 1 was rotated more than 90° to the right and came 
to rest in Lanes E2 and E3. Driver 1 hit his head on the left vent-window frame. 

The impact caused Driver 2 to hit the right front seat back with the right side 

of his face. Driver 2 could not operate the brakes of his car, so Vehicle 2 

rolled up the curb on the south side of Tully and came to rest. 

Post-Crash 

Driver 2 stepped out of his vehicle and ran over to Vehicle 1. Driver 2 

and a police officer were at Vehicle 1 when Driver 1 regained consciousness. 
Driver 1 was able to get out of his car and stated that he did not want an 
ambulance. One tow t ruck arrived, and the tow driver swept the g lass from the 

road, towed Vehicle 2 into a service station and then towed Vehicle 1 from the 
scene. The tow truck returned and removed Vehicle 2 from the service station. 

Drivers 1 and 2 left the scene in private vehicles. 

Causal Factors, Conclusions and Recommendations 

Matrix Element Diagram 

The following diagram defines the numbering system used in the matrix 
element description. 

Human j 
I 

Vehicle I 
I 

! 
Environmental ; 

Matrix Element Description 

Matrix Cell No. 

(* indicates positive factor) 

Accident Causation 

Pre-Crash Crash Post-Crash 

1 2 3 

4 5 6 
I 

' : 
7 ' ! 8 9 

' 

Accident Injury Restoration 

Avoidance Prevention and Cle a nup 

Explanation 

Primary or Principal Cause 

1 Driver 2 did not keep attention on oncoming 
vehic l es while making a U-turn (he saw traff i c 

on overpa ss, but didn' t noti c e Veh ic l e 1 un t i l 

too late). (definite) 
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Stanford Research Institute Multidisciplinary 
Accident Investigation Team Case SRI 2-007 

I CASE SUMMARY 

(Car/Motorcycle/Car - Oblique Side Impact - Sideswipe) 

Identification 

State Highway 17, northbound lanes, 2100 ft north of Alameda overcrossing, 
San Jose, California, open roadway, industrial area, August 14, 1972, 1350 

hours, Monday, 2 cars - 1 motorcycle - oblique side impact, IP (injury producing) 
AIS* 1. 

Ambience 

Day, no precipitation, 76°F, 54% relative humidity, wind 10 knots from 
280°, visibility 30 miles, dry pavement, coefficient of friction 0.5-0.6 
estimated. 

Highway 

Freeway, 88 ft wide, 6 lanes, 16 ft wide median with blocked-out W-beam 

guardrail and expanded metal anti-glare material, Portland cement concrete 
~urface, asphalt paved shoulder, ~• high asphalt curb; straight, 2% upgrade, 
negligible crown, 1 access per¼ mile (approx.). Number of accidents for 
northbound Highway 17, between Alameda and Coleman interchanges: 1969, 
20(6 IP); 1970, 20(8 IP); 1971, 29(12 IP). 

Traffic Controls 

Speed limit 65 mph, lanes separated by broken white lines, raised buttons 
and white reflectors. 

Vehicles 

1. Car, 1965 Ford LTD 2-door hardtop, light blue, 93,072 miles, no 

inspection sticker, power steering and power brakes, padded dashboard, lap 
belts only, rear wheel brake cylinders leaking, lubrication sticker 90,954 
miles (6 weeks before accident). 

* American Medical Association Abbreviated Injury Scale (see Appendix B 

for complete description of AIS). 
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Damage: Left doc,r pushed in, left B-pillar bent, left rear fender dented 

and left taillight brciken. CDC* 08-LPMW-2. 

2. Motorcycle, 1972 Honda CB750, metallic brown, 2,485 miles, no evidence 

of pre-crash defects. 

Damage: Front wheel rim bent, front fork bent, damage to engine and 
exhaust pipes on right side, headlight casing and right side turn signal 

lights damaged, instruments damaged, handlebars rotated forward, rear fender 

and taillight damaged. 

3. Car, 1971 Chevrolet Vega 2-door coupe, green 10,682 miles, no inspection 
sticker, no power accessories, padded dash, sunvisors, steering wheel spokes, 
lap and torso restraints, no evidence of pre-crash defects, lubrication sticker 

8419 miles (May 2, 1972). 

Damage: Moderate crush to right front corner, broken right headlight, 

s i deswipe damag e t o entire left side below belt line, other minor damage to 

r ight door and rear fender, cracked windshield. CDC* 02-FREE-2 (primary), 

11-LFMS-l (secondary). 

Occupants 

Driver 1, 55-year-old male, 67-1/2", 181 lbs., driving for 39 years at 

appr oximately 22,000-25,000 miles annually (90% of mileage is business driving 

due t o salesman occupation), trip plan lunch with friend at restaurant to office, 

co l li s ion occurred approximately½ mile from origin. Driver 1 purchased Vehicle 1 
in 1965 when it was less than 1 year old with approximately 13,000 miles on the 
odometer; he owned and drove it for approximately 7 years. Driver 1 drove the 

are a i n which the accident occurred approximately 2-3 times per week. Driver 1 

received no formal driver education but learned to drive from acquaintances. 
P hysical and mental condition good. Seat belts not used. 

Injuri es: none. 

Dr iver 2, 27-year-old male, 70", 160 lbs., driving automobiles for 12 
years at approximately 22,000 miles annually, more when law enforcement occupation 
requires field patrol, 10½ years experience riding motorcycles, mostly on dirt, 

present motorcycle (Vehicle 2) purchased new and driven 2400 miles on highways. 

Trip plan was home to work, approximately 5-3/4 miles, travels road often but 
varies route to work. One semester of high school driver education (held after 
school) but learned to drive approximately 2 years prior to course. Had a 
mo t orcycle training course consisting of about 22 hours in handling, operation 
and demonstration. Physical condition: severe laryngitis and cold for three 
days prior to accident, "back pain problem", and ulcer. Mental condition: good. 

Restraints not applicable. Safety equipment used (helmet, heavy leather jacket, 
gloves and boots.) 

* Collision Deformation Classification, Society of Automotive Engineers, 
Technical Report J 224a. 
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Injuries: Bennett's fracture later~l aspect of proximal end of first 

metacarpal bone (thumb) on left hand, laceration and abrasion with 4 cm diameter 
avulsion of skin on direct lateral aspect of left thigh and buttock region, 

bruise at left elbow, bruise and soreness upper right arm, sore right thumb, 

soreness in back, brutse on chin, numerous abrasions on knees, ankles and 

forearms, sprained ankles. AIS 1. 

Driver 3, 18-year-old male, 56½'', 160 lbs., driving for 2 years at 

approximately 10,000 miles annually, trip plan home to shopping center, 

approximately 13 miles, expected time of arrival as long as travel time 
required, collision occurred approximately 5 miles from orig in, had dri ven 
vehicle for approximately 1 year, very familiar with road. Dirver 3 received 

one semester of driver education in his sophomore year in high school which 

i ncluded use of a simulator. Physical and mental condition good. Seat bel t s 

not used . 

Inj u ries ( a ccording to Driver 3): bruise on right wrist, soreness on 

neck (whiplash) and chest, bruise on right knee. AIS 1. 

Applicable Standard s 

The followi ng Mot or Vehicle Safety Standard was relevant to this case: 

MVSS # 105 Hydraulic Brake Systems. Possible braking instability, 

Vehicle 1. 

Descriptio n 

Pre-Crash 

Vehicle 1 e n t ered t he northbound lanes of State Highway 17 from t he 

Alameda on-ramp and accelerated in Lane Nl (slow lane). Vehicle 2 and 

Vehicle 3 were t raveling at 60-65 mph in Lanes N2 and N3, respectively. 

Vehicles 2 and 3 were behind Vehicle 1. Driver 1 reacted to the sudden 
slowing of the ca r in front of him by applying his brakes hard and locking t he 

rear wheels. Driver 1 may have also steered to the left. Vehicle 1 swerved 

to the left into Lane N2. 

Cra sh 

As Vehicle 1 swerved across Lane N2 it was impacted by Vehicle 2 

( motorcycle) i n t he left door. Driver 2 impacted Vehicle 1 with hi s right 

shou lde r and then went over the roof of Vehicle 1. Vehicle 2 then s ideswi ped 
Ve hic l e 3. The right front fender of Vehicle 3 impacted the left door o f 
Vehicle 1 . Vehicle 3 was forced into the median area and contacted t he guardrail 

resul t ing in damage to the left side of Vehicle 3. Vehicle 3 came t o res t 
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adjacent to the guardrail and just ahead of Vehicle 2. Vehicle 1 was driven 

to the shoulder. Driver 2 landed on his left thigh and leg and then slid 
in the median area directly in front of Vehicle 3, receiving a laceration and 
avulsion of the skin on the left thigh. 

Post-Crash 

Witness 2, driving in Lane N3 behind Vehicle 3, saw the accident and stopped 

in Lane N3 adjacent to Driver 2 to assist him. Drivers 1 and 3 exited unassisted 

from their right doors. A passing California Highway Patrol (CHP) unit saw 

the accident and radioed his dispatcher. Two more CHP units and an ambulance 

responded to the scene. The ambulance took Driver 2 to the hospital emergency 

room. Two tow trucks arrived and removed the three vehicles from the highway. 

Causal Factors and Recommendations 

Matrix Element Diagram 

The following diagram defines the numbering system used in the matrix 
element description. 

Human 

Vehicle 

Environmental 

Matrix Element Description 

Matrix Cell No. 
(* indicates positive factor) 

Accident Causation 

Pre-Crash Crash Post-Crash 

1 2 3 

4 5 6 

7 8 9 

Accident Injury Restoration 

Avoidance Prevention and Cleanup 

Explanation 

Primary or Principal Cause 

1 

1 

1 

Driver 1 was unable to control vehicle in 
locked-wheel skid (definite) 

Driver 1 was either inattentive to traffic 
conditions ahead, or was following too closely, 
leading to panic stop situation {probable) 

Driver 1 may have turned to the left to avoid 
vehicle in front (possible). 
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Matrix Element Description (Continued) 

Matrix Cell No. 
(* indicates positive factorj Explanation 

Accident Causation 

4 

7 

Injury Causation 

*2 

2 

5 

Recommendations 

4 

Primary or Principal Cause 

Vehicle 1 rear wheels locked first, leading 
to braking instability (probable) 

Relevant Conditions or Modifying Factors 

Traffic on freeway was heavy (definite) 

Driver 2 (motorcycle rider) was wearing 
leather jacket and gloves, high boots and approved 
crash helmet, which protected him (definite) 

Driver 2's lack of leather pants allowed injury 
to left leg due to sliding on pavement (definite) 

Driver 2 was ejected from his vehicle (definite) 

Guardrail kept Vehicle 3 from going into 
opposing lanes of traffic (definite) 

Stability requirements for vehicle braking 
systems (MVSS #105) should be strengthened. 
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Identification 

Stanford Research Institute Multidisciplinary 
Accident Investigation Team Case SRI 2-008 

I CASE SUMMARY 

(Car/Car/Retaining Wall) 

This accident occurred on State Route 17 in San Jose, California, open 
roadway in an industrial area on August 16, 1972, at 1430 hrs, Wednesday, one car 
i mpacted another car causing both vehicles to impact a barrier railing, 
IP (injury producing) AIS* 3. 

Ambience 

0 
Day, clear s ky, 81 F , 52% relative humidity, roadway dry. 

Highway 

Nor thbound Route 17 is 42 feet wide with 3 lanes in that direction, blocked 
ou t W-beam median guardrail, asphalt roadway and inside shoulder, straigh t , with 
a northbound Route 17 to northbound Route 280 connector originating from the 
r ighthand side of Route 17. The northbound Route 280 connector ramp is 26 f e et 
w i de , 2 lanes with directional arrows painted on the lanes, lanes 1 and 2 beg in 
a loop to the right beyond gore point, lane 2 also continues straight to exi t on 
Stevens Creek Blvd, concrete and metal barrier railing 27" high on outside shoulder 
( F igure 9) . Accident history between January 1970 to August 9, 1971 were 21: 
18 p roperty damage only, 3 injury. 12 were rear end, 2 hit object, 3 hit object 
a nd overturned, 2 overturned, 1 broadside and 1 undetermined. 

Tr affic Controls 

Speed limit on Highway 17 is 65 mph. 
r a ised buttons and white reflectors. The 
deli ne ated by solid white lines and raised 
35 mph, changing to 25 mph at the loop. 

Veh i cles 

Lanes delineated by broken white lines, 
nort.hbound Route 280 connector is 
white reflectors, ramp speed limit 

Vehicle 1 , car, 1966 Ford Custom Galaxie 500, four doors, light blue, 108,803 
miles , power steering, padded dashboard, lap restraints only, defective right 
front suspension system, left exhaust system tailpipe broken after muffler, shock · 
absorbers degraded, no froi! bumper, maintenance--dri¥~r maintained. Major damage t o 
front and right side. COC 09-LFMN-l (primary) , COC 03-RFMN-l (secondary) 

* States, J.P. , "The Abbreviated and Comprehensive Injury Scales," Proceedings of the 
Thirteenth Stapp Car Crash Conference, Society of Automotive Engineers, Inc. 

** Collision Deformation Classification, Society of Automotive Engineers Technical 
Report J224a 
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Vehicle 2, car, 1971 Chevrolet Townsman, four-door station wagon, green, 
24,000 miles, power steering and brakes, padded components, lap, upper torso, and 
head restraints, no known defects, maintenance--lube, oil and filter 7-20-72, 
Minor damage to left and right front corners. CDC 09-LFMN-l (primary), 
CDC 03-RFMN-l (secondary) 

Occupants 

Driver 1, 20-year-old male, 72", 140 lbs., 4 years driving experience at an 
average of 20,000 miles/year for the last two years; trip plan was friend's home 
in San Jose to Concord (his home town) where he was going for an "interview." 
ETA is unknown; when he left San Jose he was "behind schedule." Has owned Vehicle l 
about 2 years, familiarity of both route and area are unknown but through the 
conversation it is believed he was somewhat familiar with the route. High school 
driver education. Physical and mental health unknown, restraint not in use. 

Injuries: Bloody nose at scene, laceration of the lip, ste.rnal fracture, 
mandible fracture body, bruised knees. AIS 3. 

Ri ght Front Passenger (Vehicle 1) was a female. Little is known, She had 
met Driver 1 at the friend's home just prior to their departure. From the interviews 
she was apparently under age and running away from home. She left the scene of 
the acc ident, hitched a ride back to the point of origin (of trip plan) to inform 
friend s of the accident. She was not wearing seat belts and had been talking to 
the dr i ver at the time of the accident. 

Injuries: Concussion; other injuries, if any, \Ulknown. AIS X, 

Driver 2, male, 27 years old, 72", 180 lbs, 12+ years of education, 10 years 
driving experience at an average of 50,000 miles/year last year and 24,000 this 
year , traveling salesman, trip plan home 0900 hours to various places of business, 
then home about 1615 hours, last stop before accident was an unscheduled stop in 
San Jose ( 7-8 miles from accident) before going to a client in Santa Clara, ETA 
q.f about 1500 hrs. Vehicle 2· is a company owned car given to Driver 2 to drive 
one year ago, area and route are very familiar, drives that portion of route 
several times every day, hi~~ school driver education 1961, no surgery or major 
illnesses, attitude towards driving "it is a part of the job," restraint system 
not in use . 

I njuries: None. 

Standards 

The following Traffic Safety Program Standard (TSPS) was relevant to this 
case: 

HSPS 1. Periodic MV Inspection. Driver 1 was knowingly driving a vehicle 
that was mechanically degraded. 
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Description 

Pre-Crash 

Vehicle 1 was traveling northbound on Highway 17 in the center lane at a 
driver estimated speed of 65 mph. Realizing he (Driver 1) had forgotten his wallet, 
he applied brakes and started changing lanes to exit at the first available off-ramp. 
When Driver 1 applied brakes, Vehicle 1 swerved 90° to the right, crossing Lane Nl 
of the freeway and Lanes L2 and Ll of the connector ramp to Highway 280. Vehicle 2 
had been in Lane Nl of Highway 17 and was in Lane Ll of the connector ramp when 
Driver 2 noticed Vehicle 1 approaching him. Driver 2 applied brakes and steered 
slightly right. 

Crash 

Vehicle 1 hit Vehicle 2 with Vehicle l's right B-pillar pushed in by Vehicle 2's 
left front corner, Vehicle 1 then impacted the barrier railing and spun about 90° 
clockwise (as viewed from the top). Vehicle 2 impacted the barrier railing with 
its right front corner. Vehicle l's occupants moved forward. Driver's head 
contacted upper dash and possibly steering wheel, his sternum contacted the steering 
wheel and his knees contacted the lower dash. Right front passenger's head 
c ontacted the windshield. Other kinematics unknown. Driver 2 does not remember 
contacting any part of the car. 

Post-Crash 

Driver l exited Vehicle 1 through the left front door, then the RF passenger 
exited the same door. Passenger began walking or running down the road. Driver 2 
exited Vehicle 2 through left front door. A car drove by and offered to call the 
CHP then stopped to pick up the RF passenger. Truck driver dropped flares out of 
window and continued on. State service truck stopped, placed call to CHP and helped 
set out flares. CHP arrived, pushed Vehicle 2 to side of ramp. SCAT arrived on 
sc~ne. Driver 2 drove from scene. Tow truck arrived and towed Vehicle 1 from the 
scene. Driver 1 was driven from the scene by SCAT but was picked up by a friend 
a short distance away. 

Causal Factors, Conclusions, and Recommendations 

Matrix Element Diagram 

The following diagram defines the numbering system used in the following 
matrix element description. 

Human 

Vehicle 

Environmental 

Pre-Crash 

l 

4 

7 

Accident 
Avoidance 
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Crash 

2 

5 

8 

Injury 
Prevention 

Post-Crash 

3 

6 

9 

Restoration 
and Cleanup 



Matrix Element Description 

Matrix Cell No. 
(* indicates positive factor) 

Accident Causation 

4 

4 

l 

4 

4 

4 

Injury Causation 

2 

Post-Crash Factors 

*3 

*3 

*8 

Recommendations 

6 

6 

Explanation 

Primary or Principle Causes 

Vehicle 1 was poorly maintained. (definite) 

Vehicle had been in previous accident resulting 
in frame damage and improper repair by owner. 
(definite) 

Severity Increasing Factor(s) 

Driver l was behind schedule. (definite) 

Low left rear tire pressure. (definite) 

Relevant Conditions 

8 11 diameter steering wheel may have aggravated 
control difficulty (possible) 

Right front portion of A-frame was not securely 
bolted (probable) 

Seat belts not being worn by Driver l or passenger 
(definite) 

Truck driver dropped flares to drivers (definite) 

State truck driver stopped, called CHP over two 
way radio and helped set out flares (definite) 

Barrier railing prevented vehicles from going 
over side of ramp. (definite) 

Vehicles should be inspected after accidents for 
repairs and road worthiness. 

Repairs should be made by qualified repairman, 
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Identification 

Stanford Research Institute Multidisciplinary 
Accident Investigation Team Case SRI 2-009 

I CASE SUMMARY 

(Car/Car - Lateral Impact) 

This accident occurred at the intersection of Colorado Avenue and Ross Road, 
Palo Alto, California, residential area, October 12, 1972, 1225 hours, Thursday. 
Vehicle 2 drove through a stop sign and was impacted in the right door by 
Vehicle 1. PD (property damage only). Figure l is a plan view of the accident 
scene. 

Ambience 

Day, cloudy, approximately 65°F, 79% relative hwnidity, visibility good, 
dry pavement. 

Highway 

Colorado Avenue is a collector road, 35 feet wide, one eastbound and one 
westbound lane with adjacent bicycle lanes, asphalt, cement barrier curb and 
gutter , straight, 15 driveway accesses on south side and l road intersection on 
north side within 1/4 mile, 23 poles and trees on south side within 1/4 mile of 
accident site. 

Ross Road is a local road, varying between 32 (from gutter to gutter) and 
38 feet wide with one northbound and one southbound lane, asphalt, 3.25 foot 
cement rolled gutter, straight, approximately 16 driveways and l road access on 
west side and l road access on east side within 1/4 mile, 19 poles and trees on 
west side within 1/4 mile of accident site. 

Six right angle accidents occurred at the intersection from 1965 to mid-1972; 
all involved drivers on Ross failing to yield to approaching Colorado traffic 
after stopping at stop sign; each claimed they didn't see the other vehicle. 

Traffic Controls 

Speed limit unmarked on Colorado and Ross (presumed to be 25 mph due to 
residential area). Broken yellow line separating opposing traffic on Colorado; 
solid green lines delineating bicycle lanes on both sides of Colorado. White 
solid limit lines at stop signs on Ross on either side of Colorado. 
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Vehicles 

1, car, 1970 Mercury Cougar XR-7, 2-door hardtop, light yellow, odometer 
reading unknown, inspection data unknown, power steering and brakes, padded 
components unknown, luxury model, lap and upper torso restraints, high seatbacks 
in front, defects unknown (none reported by owner), maintenance unknown. 

Damage: left front fender and headlight area. CDC* 11-FYEW-l. 

2, car, 1969 Ford Mustang, 2-door hardtop, yellow, odometer reading 36,806, 
no inspection sticker, power steering, padded dashboard, sun visors, lap and 
upper torso restraints, head restraints, driver-reported high speed vibration 
(70 mph), side windows loose in retainers (epoxy seal problem), recent gerieral 
servicing (36,054 miles). 

Damage: right front door pushed in near right A-pillar, right side of 
windshield cracked. CDC* 03-RPMW-2. 

Occupants 

Driver 1, 34-year-old female, 62", 180 lbs., occupation computer programmer, 
18 years driving experience at more than 17,400 miles per year (figure based on 
roundtrip to work only) during recent years, trip plan lunch to work, collision 
occurred approximately 2 miles from work, purchased car when it had less than 
1,000 miles on it, drives lunch-to-work route daily, driver education in high 
school at age 16, physical and mental conditions unknown, lap and upper torso 
restraints used. 

Injuries: none. 

Driver 2, 29-year-old female, 58-1/2", 92 lbs., occupation housewife, 
13 years driving experience at estimated 5,000 miles/year, trip plan grocery 
store for groceries to home (distance from store to home 1.3 miles, no ETA), 
collision occurred 0.3 miles from store, owned vehicle 2-1/2 years (drives 
on errands), drives road often, no driver education (learned to drive from 
father) , physical condition good, mental condition "nothing unusual" (some 
worries about recently purchased home), lap belt used. 

Injuries: none. 

Right Front Passenger, Vehicle 2, 16-month-old female, 27-3/4", 17 lbs. 
4 oz., strapped into GM Infant Safety Carrier seatbelted to right front seat 
facing backwards. 

Injuries: none. 

Standards 

The following Traffic Safety Program Standard was relevant to this case: 

TSPS 13 Traffic Control Devices: the stop sign for Driver 2 was obscured 
by a tree branch from a distance of 300 feet from the sign to 150 feet. No other 
warning signs or pavement markings ( such as "STOP AHEAD'') were present. 

* Collision Deformation Classification, Society of Automotive Engineers, 
Technical Report J224a. 
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Description 

Pre-Crash 

Vehicle 1 was eastbound on Colorado Avenue at driver estimated speed of 
25 mph; Vehicle 2 was soothbound on Ross Road at driver estimated speed of 
35 mph. Driver 1 noticed Vehicle 2 not stopping at stop sign on Ross road and 
therefore applied her brakes, and sounded the horn. Vehicle 1 left 26 feet of 
locked wheel skid prior to impact. Driver 2 said she was "driving automatically" 
and apparently did not see the stop sign. She continued through the intersection, 
heard the horn and looked to her right. She may have applied her brakes when 
she heard the horn. 

Crash 

Vehicle 1 impacted Vehicle 2 in the right front door near the A-pillar at 
a 64° angle, damaging the left corner of Vehicle 1. Vehicle 1 skidded to the 
right and Vehicle 2 continued driving forward stopping within 70 feet. Neither 
driver nor the right front passenger of Vehicle 2 were injured. 

Post-Crash 

Driver 1 drove her vehicle to the right side of Ross Road, south of the 
intersection, and exited through the left door. Driver 2 exited through the 
left door after checking the baby. An ambulance was requested and took 
Driver 2 and the baby to emergency room for a checkup. 

Causal Factors and Recommendations 

Matrix Element Diagram 

The following diagram defines the numbering system used in the matrix 
element description. 

Pre-Crash Crash 

Human 1 2 

Vehicle 4 5 

Environmental 7 8 

Accident Injury 
Avoidance Prevention 
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Post-Crash 
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6 
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Restoration 
and Cleanup 



Matrix Element Description 

Matrix Cell No. 
(* indicates positive factor) Explanation 

Accident Causation 

1 

7 

*l 

1 

1 

Injury Causation 

*5 

*5 

Recommendations 

7 

Primary or Principal Cause 

Driver 2 drove through a stop sign without stopping 
(definite) 

Stop sign was obscured wholly and partially by a 
tree branch from 300 to 150 feet before the 
intersection; information, therefore, did not 
penetrate the consciousness of Driver 2 (probable) 

Severity Increasing Factors 

Driver 1 realized Driver 2 was not going to stop at 
sign, applied brakes, and sounded horn (definite) 

Relevant Conditions or Modifying Factors 

Driver 2 was inattentive to driving and says she was 
"driving automatically" (definite) 

Driver 2 may have been distracted by baby (right 
front passenger) or by recalling items not purchased 
at grocery store (possible) 

Right front passenger (baby) of Vehicle 2 was 
strapped into infant restraint system and was 
uninjured (definite) 

Safety glass in right door window of Vehicle 2 
"crumbled" properly and even though it came into 
passenger compartment, it did not lacerate right 
front passenger (definite) 

Stop sign located closer to curb or the tree 
branch obscuring the stop sign for southbound Ross 
Road should be trimmed. 
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Identification 

Stanford Research Institute Multidisciplinary 
Accident Investigation Team Case SRI 2-010 

I CASE SUMMARY 

(Car/Car - Headon) 

Alma Street, 3100 block, Palo Alto, California, open roadway, residential 
area, October 15, 1972, 2300 hrs, Sunday, 2 cars headon, IP (injury producing) 
AIS* 1, 

Ambience 

Night, no precipitation, 58°F, 90% relative humidity, calm, visibility 
10 miles, dry pavement, coefficient of friction 0.6 estimated. 

Highway 

Major arterial, 51,5 ft wide, 4 lanes undivided, asphaltic concrete surface, 
curb on east side, dirt shoulder on west side, straight, level, moderate crown, 
mercury vapor luminaires, 20 poles and trees, 12 driveways and 2 streets in the 
last¼ mile traveled by Vehicle 1, 65 poles and trees, 16 driveways and 1 street 
in the last¼ mile traveled by Vehicle 2. Eleven accidents from 1967 - October 
1972 (not including this one) in the 3100 block. The average daily traffic for 
both directions is approximately 27,000 vehicles (1969). 

Traffic Controls 

Posted speed limit 35 mph, solid double yellow lines with raised amber 
reflectors dividing northbound and southbound lanes, broken white lines with 
clear reflectors separating curb and center lanes, no signals in vicinity of 
accident site. 

Vehicles 

1. Car, 1957 Lincoln Premiere 2-door hardtop, white over ocher, over 
100,000 miles, California Highway Patrol inspection sticker (expired), power 
brakes and power steering, padded upper dashboard, no restraints, interior in poor 
condition, front seat back hinges broken and supported by makeshift brace, 
lubrication sticker dated 6-27-69, 

* American Medical Association Abbreviated Injury Scale (see Collision Performance 
and Injury Report in Appendix B for complete description of AIS). 
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Damage: Hood, grille and bumper crushed, damage heaviest on right side. 
Right front suspension bent, right front wheel bent. No interior damage observed. 
COC* 01-FZEW-2. 

2. Car, 1971 Pontiac Catalina 2-door hardtop, metallic burgundy, 8,892 
miles, no inspection sticker, power steering and power brakes, padded dashboard and 
sunvisors, 4-point restraints, no evidence of pre-crash defects, maintenance 
performed 4 days before accident. 

Damage: Grille, front bumper and left front fender crushed, hood buckled, 
left front suspension bent, left front wheel bent. Damage also to headlight 
switch, inside control for outside rear view mirror, heater ducts, inside rear 
view mirror. Windshield cracked by occupant contact. Energy-absorbing steering 
column compressed 1. 75 inches. CDC* 11-FYEW-3. 

Occupants 

Vehicle 1. Driver, male, no other information available. At the time of 
the completion of this report hit-and-run driver had not been apprehended. 

Injuries: unknown, probably minor. 

Vehicle 2. Driver, male, 58 years old, 66 in, (168 cm.), 159 lbs., chef, 
11th grade education, 24 years driving experience, estimates miles/year at about 
40,000, no driver education, previously owned 1966 Mercury; owned present vehicle 
10 months, no restraints utilized, hands at 9-3 o'clock wheel position; trip 
plan origin motel (3 miles from accident scene), destination movie theatre to pick 
up daughter, ETA shortly after 2300, previously lived in area of accident and 
drove street of accident daily; pre-crash activity - talking, radio was on; 
medication - reserpine 0,25 mg for high blood pressure, no side effects. 

Injuries: Bruise left forehead with possible concussion, avulsion left 
4th finger, AIS 1. 

Vehicle 2. RF passenger, female, 50 years old, 66 in. (168 cm.), 163 lbs., 
housekeeper, wife of Driver 2, no restraints utilized, 

Injuries: Cut inside mouth at right side of lip, various bruises on right 
side of extremities, complaint of pain right side of stomach area, soreness 
over entire body. AIS 1. 

Standards 

The following Highway Safety Program Standards and Motor Vehicle Safety 
Standards were relevant to this case: 

HSPS 2. Motor Vehicle Registration. Vehicle 1 was registrered to a man who 
said he had sold it to someone whose name he couldn't recall. Neither he nor the 
buyer had filed a notice of transfer with the Department of Motor Vehicles, thus 
violating several sections of the California Vehicle Code and making it difficult 
for the police to find the new owner and possible hit-and-run driver. 

* Collision Deformation Classification, Society of Automotive Engineers Technical 

Report J224a 
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HSPS 15. Police Traffic Services. The investigating department has no 
procedures manual for investigating accidents. An omission and inaccuracy were 
noted on the police report suggesting a need for more careful work. De-emphasis 
of traffic in police departments and problems with followups in other ji•~i s dictio ns 
were also noted. 

MVSS No. 111. Rearview Mirrors. Vehicle 2, breakaway mirror mounting 
prevented (lessened?) injury. 

MVSS No. 203. Impact Protection for the Driver from the Steering Control 
System. Vehicle 2, energy absorbing steering column compressed 1.75 inches. 

MVSS No. 204. Steering Control Rearward Displacement. Vehicle 2 engine 
compartment telescoping unit compressed 4,1 inches. 

Description 

Pre-Crash 

Vehicle l was southbound on Alma in Lane S2 (center lane), speed unknown. 
Vehicle 2 was northbound on Alma in Lane N2 at a calculated speed exceeding 
50 mph. Vehicle 1 slowed and started to turn left towards a driveway. Driver 2 
reacted by applying his brakes and leaving 83 ft. of locked front wheel skid 
marks up to the point of impact. He did not try to steer out of the situation. 
He shouted to his wife, "We're going to hit.'" His wife braced for · the impact. 

Crash 

The two cars impacted in Lane N2 as shown in Figure 1 (collision diagram). 
The right front fender of Vehicle 1 first contacted the left front fender of 
Vehicle 2, and the front ends of the vehicles crushed until contact was made 
across the front of both vehicles. The impact deviated Vehicle 2's path to the 
right and spun Vehicle 1 around more than 180° to the left, as shown in Figure 1. 

The impact caused Driver 1 to move forward and to the right in his car. 
0river 1 contacted the rear view mirror and knocked it crooked. No other 
occupant contact points were evident in Vehicle 1. Driver 2 moved forward and 
to the left. Contact was made with left door hardware, dashboard controls, 
windshield, steering wheel and heater ducting, resulting in minor bruises and 
cu t s. The right front passenger in Vehicle 2 also moved forward and left and 
made contact with the dashboard, rear view mirror and heater ducting. This 
passenger complained of bruises and soreness. The rear view mirror mounting 
separated. 

Damage to both vehicles was similar. Both vehicles had extensive crushing 
in the ~rille, front bumper and hood. Damage was heaviest on the right of 
Vehicle 1 and the left of Vehicle 2. The right front suspension and right front 
wheel were bent on Vehicle 1, and the left front suspension and left front 
wheel were bent on Vehicle 2. 
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Post-Crash 

After the cars came to rest Driver 1 stepped out of his car and walked 
over to Vehicle 2. He looked in the right front window and then ran north on 
Alma and was not seen again. Palo Alto Police responded to the scene and searched 
for Driver 1 unsuccessfully. Tow trucks arrived and removed the vehicles to a 
side street. Tow . operators did a poor job of sweeping up glass and other debris. 
The occupants of Vehicle 2 were taken away by relatives who lived nearby. No 
first aid was required. 

Causal Factors, Conclusions, and Recommendations 

Matrix Element Diagram 

The following diagram defines the numbering system used in the following 
matrix element description. 

Pre-Crash Crash Post-Crash 

Human 1 2 3 

Vehicle 4 5 6 

Environmental 7 8 9 

Accident 
Avoidance 

Injury 
Prevention 

Restoration 
and Cleanup 

Matrix Element Description 

Matrix Cell No. 
(* Indicates positive factor) Explanation 

Accident Causation 

1 

1 

1 

Primary or Principal Causes 

Driver 1 attempted unsafe left turn in front of 
Vehicle 2 (definite) 

Severity Increasing Factor 

Vehicle 2 was exceeding speed limit (probable) 

Relevant Conditions 

Driver 1 suspected of being under influence of 
alcohol (possible) 
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Matrix Element Description (Continued) 

Matrix Cell No. 
(* Indicates positive factor) 

Injury Causation 

2 

*5 

*5 

*5 

Recommendations 

1 

Explanation 

Driver and passenger of Vehicle 2 were not wearing 
available restraints, which would have reduced 
their injuries (definite) 

The steering column of Vehicle 2 collapsed 1.75 
inches thereby reducing driver's injuries (probable) 

Engine compartment telescoping unit of Vehicle 2 
collapsed 4.1 inches preventing rearward displacement 
of steering wheel (definite) and reducing driver 
injuries (probable) 

Rear view mirror mount separated reducing 
Passenger 2A injuries (possible) 

Efforts to deal with the problem of the drinking 
driver should be continued. 
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Identification 

Stanford Research Inst~tute Multidisciplinary 
Accident Investigation Team Case SRI 2-011 

I CASE SUMMARY 

(Car/Car - Lateral Impact) 

This accident occurred at the intersection of Ravenswood Avenue and Alma 
Street, Menlo Park, California, commercial, October 25, 1972, 0752 hrs., Wednesday. 
Vehicle 1 stopped at a stop sign and then accelerated into the intersection 
impacting the right front fender of Vehicle 2. PD (property damage only). 
Figure 1 is a plan view of the accident scene. 

Ambience 

0 * Day, clear, 45 F, 86% relative humidity , no wind, visibility good, dry 
,pavement. 

Highway 

Ravenswood Avenue is a minor arterial, 42 feet wide, four lanes, no median, 
asphalt, curb, straight, slight crown, three driveways, two sets of railroad 
tracks; 1 railroad crossing gate, and five poles on the south side of the road 
within 1/4 mile of the accident site. 

Alma Street is a minor arterial, 88 feet wide on the south side of Ravenswood, 
four lanes, 22' median planted divider, asphalt, curbs, straight, no crown; 
three median accesses and 10 poles and trees on the west side of the northbC11nd 
lanes, and four driveways and roads and 17 poles and trees on the east side of the 
northbound lanes within 1/4 mile of the accident site. 

There have been 32 accidents at this site between 1969 and February 1972. 

Traffic Controls 

Speed limit is 25 mph on Ravenswood Avenue and on Alma Street. Opposing 
lanes of traffic on Ravenswood are separated by solid double yellow lines; lanes 
in one direction are separated by solid white lines. The railroad tracks are 
denoted by a "crossbuck sign" RAILROAD CROSSING, two horizontal red flashing 
lights, a railroad-highway grade-crossing gate and a double solid white line. 
The intersection with Alma is marked with words KEEP CLEAR. Crosswalks on the 
south and north side are denoted by solid white lines. 

* Figures from Palo Alto Junior Museum weather station. 
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Alma Street is divided by a median. The lanes in each direction are separated 
by broken white lines. Parking places on the east side are denoted by solid 
white "crosses" on the pavement. The word ONLY with symbol arrows denoting left 
and straight and straight and right turns are on the pavement approximately 300' 
and 25' from the intersection with Ravenswood. The word STOP is on the pavement 
immediately before the crosswalk. Lane-use control signs with left and straight 
arrows and the word ONLY and straight and right turn arrows and the word ONLY 
are located next to the pavement marks on both sides of the northbound lanes. A 
stop sign is located at Ravenswood. KEEP INTERSECTION CLEAR signs are located 
below the lane-use control sign on both sides of the northbound lanes. A red 
WRONG WAY sign facing Ravenswood and a BIKE ROUTE sign are adjacent to the lane-use 
control signs on the west side. A ONE WAY sign for the northbound lanes is located 
near the end of the median. 

Vehicles 

Vehicle 1, car, 1972 Toyota Corolla Deluxe 1600, 2-door sedan, light blue, 
10,675 miles on the odometer, no inspection sticker, power brakes, automatic 
transmission , padded dashboard, sunvisors, lap and upper torso restraints, high 
s e a tbacks in front, no known defects, lubrication and oil change at 7157 miles 
( 8-8- 72). 

Damage: right front fender, headlight, bumper and grille area, left front 
fender pushed to right, wheelbase on right side shortened approximately 4 inches, 
torn fiber parcel tray below instrument panel lower section. enc* 11-FDEW-2. 

Vehi cle 2, car, 1970 Jaquar E Type 4.2, 2-door hardtop, dark green, 32,163 
mi les on odometer, no inspection sticker, power brakes, air conditioning, padded 
dashboard, sunvisors, center armrest, lap and upper torso restraint (three-point 
sys t em) , head restraints, no known defects, maintenance at 30,291 miles (8-18-72). 

Damage: right front fender in ~ront of A-pillar pushed in, slight 
deformation and scuffing on right door. CDC 02-RYEW-2. 

Occupants 

Dr i ver 1, 46-year-old female, height estimated at 65", weight estimated at 170 
lbs., nurses aide, driving experience unknown (no record of California driver's 
license) , t rip plan home (3 miles from accident site) to work (total 3½ miles), 
vehicle familiarity unknown (purchased in May 1972), road familiarity unknown, 
driver education unknown, physical and JJEntal condition unknown, restraint use 
unknown. 

* 

Injuries: unknown (none noted in police report). 

(Note: Driver 1 would not talk to the Team.) 

Collision Deformation Classification, Society of Automotive Engineers 
Technical Report J334a. 
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Driver 2, 16-year-old female, 64 inches (162 cm.), 110 lbs., high school 
student, 2 months driving experience plus driver's education with simulator 
experience, owned present car 2 months (previously belonged to father), lap and 
upper torso belt worn; trip plan origin home (11 miles from accident site), 
destination school to attend her first class, ETA before 0840 (½ mile from 
accident site). Has driven route of accident before but varies route; pre-crash 
activities, listening to radio; physical condition: flu for five days prior 
to accident. No medication taken. Mental attitude, good. 

Injuries: none. 

Standards 

The following Standards were relevant to this case: 

HSPS 5 Driver Licensing. Driver 1 was driving without a license and had 
no record of having been issued one. 

MVSS 301 Fuel Tanks, Fuel Tank Filler Pipes, and Fuel Tank Connections-­
Passenger Car (effective 1-1-68). The side impact to Vehicle 2, a 1970 Jaguar, 
caused a fitting on the fuel line to the fuel strainer (located near the A-pillar) 
to loosen and thus spill fuel while the engine was running. 

Description 

Pre-Crash 

Vehicle 1 was northbound in Lane N2 on Alma Street. Driver 1 stopped at the 
stop sign for the intersection and then proceeded into the intersection. Vehicle 2 
was eastbound in Lane E2 of Ravenswood Avenue at driver estimated speed of 20-25 mph. 
Driver 2 saw Vehicle 1 start up from the stop sign. 

Crash 

Vehicle 1 impacted Vehicle 2 at a 45° angle (due to intersection configuration) 
in the right front fender in front of the A-pillar, damaging the right front 
fender, headlight, bumper and grille of Vehicle 1. Vehicle 1 rotated 45° and moved 
to the right. Vehicle 2 moved to its left and Driver 2 applied her brakes. 
Vehicle 2 rotated 30° clockwise when viewed from above and skidded sideways 
leaving 16' of skids which showed up on the two words "CLEAR" and "CLEAR" but 
not on the asphalt. Both vehicles came to rest. Neither driver was injured, 

Post-Crash 

Driver 2 exited from her left door and walked over to Vehicle 1 suggesting 
that Driver l start her car and move it out of the intersection. Driver 1 was 
unable to start it. Driver 2 returned to Vehicle 2 and drove it to an adjacent 
parking lot and then returned to Vehicle 1. Driver 1 tried to start the car again, 
exited and then both drivers pushed it out of the intersection. Driver 2 
telephoned the police and was told that a car had already been dispatched. According 
to communication logs, the police were not dispatched until 10 minutes after 
receiving notification of the accident. Vehicle 1 was towed from the scene and 
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Driver 1 was picked up by a friend and driven to work. Driver 2's father drove 
Vehicle 2 to an auto body shop and then took Driver 2 to school. A leakage was 
noted at the right A-~illar and was later learned to be fuel leaking from a 
loosened fuel line fitting at the fuel strainer. 

Causal Factors and Recommendations 

Matrix Element Diagram 

The following diagram defines the numbering system used in the matrix element 
description. 

Human 

Vehicle 

Environmental 

Matrix Element Description 

Ma t r i x Cell No. 
(* indicates positive factor) 

Acc ident Causation 

Pre-Crash 

1 

4 

7 

Accident 
Avoidance 

Crash 

2 

5 

8 

Injury 
Prevention 

Explanation 

Post-Crash 

3 

6 

9 

Restoration 
and Cleanup 

Primary or Principal Cause 

1 

7 

1 

Post-Crash Factors 

6 

Driver 1 failed to yield to oncoming traffic 
in the intersection. (definite) 

Relevant Conditions or Modifying Factors 

Intersection is congested during rush hours.(definite) 

Congestion at the intersection causes drivers 
attempting left turns from Alma onto Ravenswood 
during rush hours to ease out into the intersection 
forcing through traffic to yield. (definite) 

The impact in front of the right A-pillar of 
Vehicle 2 caused a fuel line fitting on the 
fuel strainer to loosen and allow fuel spillage 
while the engine was running. (definite) 
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Matrix Cell Description (Continued) 

Matrix Cell No. 
(* indicates positive factor) 

Post-Crash Factors (Continued) 

3 

Recommendations 

6 

Explanation 

The father of Driver 2 drove the vehicle in 
this condition to a nearby body shop without 
determining the leaking substance. (definite) 

Even though no fire resulted fran the fuel 
spillage from Vehicle 2, the location of the 
fuel strainer makes it vulnerable to lateral 
impacts. 
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Identification 

Stanford Research Institute Multidisciplinary 
Accident Investigation Team Case SRI 2-012 

I CASE SUMMARY 

(Car/Car - Rear End) 

This accident occurred adjacent to the intersection of Watkins Street on 
El Camino Real, Atherton, California, commercial, November 13, 1972, 1430 hrs, 
Monday, 2 cars--rear end, PD (property damage only). Figure 1 is a plan view 
of the accident scene. 

Ambience 

Day, heavy rain, 58°F, humidity 100%, wind 10 knots from SSE, visibility 
less than¼ mile, road surface wet, estimated coefficient of friction 0.5 or lt?ss. 

Highway 

El Camino Real, major arterial road, total pavement width 79 ft, 6 lanes, 
median divider consisting of a pair of solid double yellow lines 4 ft apart 
with concrete median blocks, asphaltic concrete surface, 8.5 ft asphalt shoulder 
on west side, no shoulder on east side but Nl lane 18 ft wide, straight, level, 
8" crown, 8 driveways, 4 streets, and 12 poles in last¼ mile traveled by both 
vehicles, accident history for intersection: 1969, 8 accidents (1 injury producing) 
1970, 2 (l IP); 1971, 3 (l IP); 1972 to October, 2, for a total of 15 accidents 
(3 injury producing) from 1969 through October 1972. 

Traffic Controls 

Posted speed limit 35 mph, lanes separated by raised buttons and broken 
white lines, traffic signals at intersections 1700 ft north and 2700 ft south 
of accident location. 

Vehicles 

l. Car, 1973 Ford Pinto Runabout 2-door coupe, dark green, 422 miles, no 
inspection sticker, no power accessories, padded dashboard, steeringwheel hub 
and sunvisors, 3-point restraints with detachable upper torso restraint for both 
front seat occupants, integral head restraints, 5 mph bumper, no evidence of 
pre-crash defects, too new for maintenance. 

Damage: Grille broken, hood and left front fender buckled, left headlight 
broken, hood latch released, bumper slightly bent. Left door prevented from opening 
fully by front fender. No interior damage observed. enc* 12-FDMW-l 

* Collision Deformation Classification, Society of Automotive Engineers Technical 
Report J224a 
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2. Car, 1972 Ford Pinto Squire, 2-door station wagon, yellow with simulated 
wood, 312 miles, no inspection sticker, no power accessories, padded dashboard, 
steering wheel spokes and sunvisors, 3-point restraints with detachable upper 
torso restraint for both front seat occupants, integral head restraints, no 
evidence of pre-crash defects, too new for maintenance. 

Damage: Tailgate pushed in, rear bumper bent, fuel tank dented and leaking, 
both rear fenders buckled, glass on right side between Band C pillars shattered, 
B-pillars moved forward about¼ inch, right roof side rail buckled, floor of 
rear compartment buckled, tailpipe bent. CDC 06-RDEW-2. 

3. "Phantom vehicle," car, unknown make, contributed to accident occurrence, 
but not contacted by either Vehicle l or Vehicle 2. 

Occupants 

Vehicle l. Driver, male, 26-years-old, 66" (168 cm), 165-170 lbs, single, 
occupation messenger-bond investigator-customer service, equivalent 2 years 
college, 7 years driving experience, estimated miles/year last year 15,000 
personal and 15,000 company, previous year, 6,000-8,000, driver education in 
h igh school 1962-3 , personal car 1966 Sunbeam Alpine. Accident vehicle: company 
owned, 6 days. Trip plan: round trip from business office in Redwood City to 
Stanford (accident occurred 2,5 miles from destination), no ETA, purpose pick 
up a check, area familiarity 1-2 times/week, glasses required, lap restraint 
used , radio on. 

Injuries: soreness at sternum, left side of abdomen, tightness in neck 
and shoulders, scrape on knuckles of right 4th finger. AIS* 1. 

Vehicle 2. Driver, female, 39-years-old, 63½'' (161 cm), 100 lbs, married, 
housewife, BA degree, 22 years driving experience, about 10,000 miles/year, 
driver edu,~ation in high school 1950, trip plan: beauty parlor (less than 
¼ block from accident) to home, no ETA. Vehicle owned two weeks, driven 312 
miles, drives road everyday, that particular area once/week, lap restraint only. 

Injuries: "whiplash" bump on back of head 2" from top, slight soreness 
of inside left arm. AIS 1. 

Vehicle 2. Right front passenger, female, 9-years-old, 51" (129 cm), 65 lbs, 
daughter of Driver 2, lap restraint only. 

Injuries: "Bump" on right index finger. AIS O. 

Standards 

The following Motor Vehicle Safety Standards were relevant to this case: 

MVSS No. 215 Exterior Protection. Vehicle 1, although equipped with 
bumper guards, completely underrode Vehicle 2's rear bumper, and caused damage 
to fuel tank. 

* American Medical Association Abbreviated Injury Scale (AIS) (See Appendix A 
for complete description) 
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MVSS No. 301 Fuel Tanks, Fuel Tank Filter Pipes, and Fuel Tank Connections. 
Vehicle 2's fuel tank vulnerable to damage in rear end collisions, not covered 
by standard. 

Description 

Pre-Crash 

Vehicle 2 (Pinto Squire) entered northbound El Camino less than 1 block 
south of Watkins and proceeded in Lane N3 (see Figure 1, Collision Diagram), 
stopping at Watkins in preparation for making a U-turn. Vehicle 1 (Pinto 
Runabout) and Vehicle 3 (phantom vehicle) were northbound in Lane N3 at a 
speed of approximately 25-30 mph. Vehicle 1 was following 3-4 car lengths· 
behind Vehicle 3, according to Driver 1. Vehicle 3 suddenly changed lanes to 
avoid collision with stopped Vehicle 2. Driver 1 was unable to see to change 
lanes because his rear window was fogged up. Driver 1 applied his brakes hard 
and locked the wheels. 

Crash 

Vehicle 1 skidded into the rear of Vehicle 2. The front bumper of Vehicle 1 
went under the rear bumper of Vehicle 2, the bumper guard denting Vehicle 2's 
fuel tank causing a fuel leakage. The grille, hood, and left headlight of 
Vehicle 1 were damaged. Driver 1 contacted steering wheel hub but was not 
injured. Driver 2 hit her head on the head restraint causing local swelling. 
The RF passenger in Vehicle 2 was not injured. 

Post-Crash 

Driver 1 turned off the ignition and stepped from his car. He walked to 
Vehicle 2 and talked with Driver 2. Police were called by a person who heard 
the crash. The police directed traffic and assisted Drivers 1 and 2 in removing 
the vehicles from the road. Tow trucks arrived, and the tow drivers swept the 
glass from the road. Leaking fuel from Vehicle 2 was washed away by the heavy 
rain. Both cars were towed from the scene. 

Causal Factors and Recommendations 

Matrix Element Diagram 

The following diagram defines the numbering system used in the following 
matrix element description. 

Human 

Vehicle 

Environmental 

Pre-Crash 

1 

4 

7 

Accident 
Avoidance 
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Matrix Element Description 

Matrix Cell No. 
(* indicates positive factor) 

Accident Causation 

1 

7 

1 

1 

7 

4 

Injury Causation 

5 

*5 

*4 

Recommendations 

4 

Explanation 

Primary or Principal Cause 

Driver of Vehicle 3, phantom vehicle, made 
sudden lane change to avoid collision with 
stopped Vehicle 2. (definite) 

Phantom vehicle obstructed Driver l's view 
of Vehicle 2. (definite) 

Driver 1 was following too closely to phantom 
vehicle for conditions. (probable) 

Driver 1 had attention only on vehicle directly 
in front of him and not on others beyond. 
(probable) 

Severity Increasing Factor 

Rain was falling and pavement was .wet. (definite) 

Relevant Conditions 

Side windows and backlight of Vehicle l were 
fogged up, preventing Driver 1 from seeing 
if lane change was possible. (definite) 

Driver 2 contacted head restraint, which caused 
local swelling on back of head. 

Driver l reported only soreness of sternum from 
contacting steering wheel hub. 

Seat belt buzzer system caused Driver 2 to use 
the lap belt. She claims "you have to use the 
seat belt because of that horrible buzzing." 
(It had no effect on injury or noninjury in 
this case however.) 

Vehicles should be equipped with rear window 
defrosters as standard equipment. 
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Identification 

Stanford Research Institute Multidisciplinary 
Accident Investigation Team Case SRI 2-014 

I CASE SUMMARY 

(Single Car--Rollover) 

Interstate Highway 280, southbound lanes, 3500 ft. north of El Mont e exit, 
Los Altos Hills, California, open roadway, residential area, November 30, 1972, 
1435 hours, Thurs day, 1 car rollover, IP (injury producing) AIS* 2. 

Ambience 

Da y, no precipitation, 61°F, 66% relative humidity, clear, 5 miles visibility 
with haze and smoke, wind 330° at 6 miles/ hour, dry pavement. 

Highwa1_ 

Interstate 280, freeway, 150 ft. wide, 8 lanes, median divider is 15 ft. wid e 
di r t and gravel bank with bushes, northbound lanes approximately 5 ft. below 
s outhbound lanes, asphaltic concrete surface, paved shoulders adjacent to f a st and 
s low lanes, asphalt curb on right edge, straight, 4% downgrade, negligible crown, 
l a s t on ramp three miles from accident scene, no poles or tre es close to road way . 

Fourteen accidents occurred on southbound 280 one-half mile north a nd s ou t h 
of this accident from 1969 through 1971: 7 injury; 1 fatal; 10 involved hi t 
oQj e cts; 3 overturned; and 1 rear-end. 

Traffic Controls 

Speed limit 65 mph, double yellow line and amber r e flectors delineating e dge 
o f fast lane, broken white lines, raised white buttons and "retromarker" refle ctors 
s e parating lanes, solid white delineator at edge of slow lane, no signs, no s ignals. 

Vehicle 

Car, 1970 Volkswagen Squareback, 2-door station wagon, orange, 40,707 miles, 
California Highway Patrol inspection sticker exp. date 12-31-72, no power res t r a ints, 
no evidence of pre-crash defects but possible low left rear tire pressure, routine 
maintenance performed 8 days before accident. 

Damage: Rollover damage to roof and sides, right rear wheel bent severel y , 
windshield, backlight, and right rear side window separated, driver's s ide window 
shattered. coc** 00-TZGO-l 

* States, J.P., 
11

The Abbreviated and Comprehensive Injury Scales," Proceedin gs of the 
Thirteenth Stapp Car Crash Conference, Society of Automotive Engineers, Inc. 

** Collision Deformation Classification, Society of .Automotive Engineers, Te chnical 
Report J224a 
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Occupant 

Vehicle 1. Driver, male, 48 years old, 71" ( 180 cm) , 170 lbs, seaman, 12th 
grade education, 28 years driving experience, average of 5,000 miles/year, no 
driver education, previously owned '59 VW, has owned present vehicle about 3 years, 
three-point restraint system utilized, trip plan San Francisco union hall and 
mother's home, destination home, no ETA, accident occurred 33-35 miles from San 
Francisco, 6½ miles from destination, drives route once/week when home (4-5 months/ 
year), 2nd day back from sea duty, pre-occupied with thoughts, no medication, 
physical health good. 

Injuries: Undisplaced fracture of the proximal end of left clavicle; contusions 
on t highs , chest, left calf. Abrasions on left shoulder and left index finger. 
Sore and stiff over entire body. (X-ray slide included in Appendix B.) AIS 2. 

Standards 

HSPS 16. Debris Hazard Control and Cleanup. Clea nup operations were minimal 
with bro ken g lass lef t on the shoulder of the road. 

MVSS No. 201. Occupant Protection in Interior Impact. Padded sunvisor 
preven t ed mo re se ve r e hand injury. 

MVSS No. 20 5 . Gla z ing Materials. This prevented the windshield from shattering 
over dr iver. 

MVSS No. 208. Seat Belt Installation. The use of the complete restraint 
system held the driver in place probably preventing more severe injuries. 

Description 

Pre- Crash 

Vehicle 1 was s outhbound in Lane S4 on Interstate Highway 280 at a driver 
estimated speed of 65-70 mph. Driver 1 was preoccupied with his thoughts as he 
negot iated a c urve a t the cres t of a hill. As he rounded the curve, he was startled 
to see a highwa y ma intenance truck (Truck 1) on the narrow left shoulder of the 
road . He s werved to the right and then to the l ef t in order to return to Lane S4 
when he saw a second smaller ma intenance truck (Truck 2) parked about 90 feet 
ahead of the f irst truck. He applied his brakes and s we rve d again to the right. 

Cras h 

The vehicl e began to oversteer strongly as a result of the steering and 
brakin g . A possi ble contributing factor was low air pressure in the left rear 
tir e . The vehicle started to spin until it was almost broadside to its direction 
o f trave l, and then rolled over (Figure 1). The vehicl e continued to spin in a 
c l o ckwise direction as viewed from above, rolled onto its right side and impacted 
t he burb at the edge of the road. The impact crushed the lower right rear corner 
of the body and bent the right rear wheel rim, causing the tire to deflate. The 
vehicle then s lid along the curb as evidenced by orange paint on the curb. It then 
we nt into the dirt area at the edge of the road and, right side up again, rolled 
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or slid into a 6-Joot hi!,!;h shrub and onto an above-ground sprinklL'r pipe adjacent 
lo the shrub before coming to rest. The driver, with full restraint systems worn 
snuggly, stayed in the seat. As the car rolled and slid on its left side the 
weight of the driver shifted his upper torso probably causing the fracture of the 
clavicle and the scraping of his left shoulder on the pavement. An indentation 
in the left sunvisor was probably caused by his hand contacting it. His upper 
thighs contacted the steering wheel when the car was upside down, causing contusions. 

Post-Crash 

Division of Highways maintenance men from Truck 2, who had seen the accident, 
took flares and a first aid kit and proceeded across the road to Vehicle 1. The 
flares were not used, however, because Vehicle 1 was well off the roadway . . 
Driver 1 removed his restraints and exited the car through the left door. Three 
cars stopped but were asked to leave the scene by the maintenance men with one 
being asked to call the Highway Patrol. Meanwhile, a resident in a house overlooking 
the freeway had called the police. Two Santa Clara Sheriff's units arrived. They 
placed a gauze bandage on Driver l's shoulder wound and called the Highway Patrol. 
One CHP unit arrived at the scene. The maintenance men left. A tow truck arrived 
and pulled Vehicle 1 back to the road, damaging another shrub in the process. 
Driver 1 was taken to his doctor by the CHP. 

Causal Factors, Conclusions and Recommendations 

Matrix Element Diagram 

The following diagram defines the numbering system used in the matrix element 
description. 

Human 

Vehicle 

Environmental 

Pre-Crash 

1 

4 

7 

Accident 
Avoidance 
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Matrix Element Description 

Matrix Cell No. 
(* indicates positive factors) 

Accident Causation 

7 

1 

4 

*9 

7 

1 

Injury Causation 

*2 

*5 

5 

*5 

Recommendations 

7 

7 

Explanation 

Primary or Principal Causes 

Division of Highways maintenance trucks parked 
in median close to fast lane. (definite) 

Driver 1 overreacted to presence of trucks in 
median. (definite) 

Severity Increasing Factor 

Left rear tire pressure low. (possible) 

Relevant Conditions 

Traffic was light. (definite) 

Median parking area is only 8 feet wide, the 
same width as a large truck. (definite) 

Driver 1 was preoccupied with his thoughts. 
(definite) 

Driver 1 was wearing his restraint system. 

High seat backs afforded protection from loose 
objects flying around in rear. (probable) 

Shoulder restraint caused fractured clavicle, 
(probable) 

Restraint system prevented driver from being 
ejected. (possible) 

Highway maintenance trucks should park completely 
away from travel lanes, 

Consideration should be given in highway 
design to space needed by maintenance trucks. 
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Identification 

Stanford Research Institute Multidisciplinary 
Accident Investigation Team Case SRI 2-015 

I CASE SUMMARY 

(Car/Car/Fence - Sideswipe) 

This accident occurred at the intersection of Alma Street and Churchill 
Avenue, Palo Alto, California, residential, December 18, 1972, 1420 hrs., Monday, 
2 cars - sideswipe, IP ( injury producing). AIS* 1. Vehicle 1 was waiting to turn 
left from northbound Alma; Vehicle 2 was southbound on Alma and Driver 2 looked 
back to try to change to slow lane to avoid left fender of Vehicle 1 in his lane. 
When he looked forward, Vehicle 1 had started the turn and impacted Vehicle 2 in 
left front, left front fender, and left door. Figure 1 is a plan view of the 
accident scene. 

Ambience 

Day, 60°F, wind 340° at 2 mph, 1-1/2 miles visihility with light fog, partly 
cloudy. Dry pavement. 

Highway 

Alma Street, major arterial, 45 ft. wide, 4 lanes plus left turn lanes at 
Churchill intersection, no divider, asphaltic concrete surface, concrete curbs 
on both sides, straight, no grade or superelevation, 8 11 crown, 14 driveways, 
·2 streets and 43 poles/trees in last 1/4 mile traveled by Vehicle 1, 13 driveways, 
2 streets and 40 poles/trees in last 1/4 mile traveled by Vehicle 2. 

Churchill Avenue is a minor arterial 36 feet wide, 2 motor vehicle lanes 
and 2 bike lanes, has railroad grade crossing near Alma Street. The road slopes 
from level on Churchill before the intersection 4% upward to the raised track 
bed. Accident history of intersection: 1969, 10 (1 injury producing) ; 1970, 
10 (1 I.P.); 1971, 11 (1 IP); 1972, (to October) 8 (5 IP); total 39 (8 IP); 31% 
of the accidents involved N/B Alma vehicles turning left to W/B Churchill and 
colliding with S/B Alma vehicles (same as this accident). 

Traffic Controls 

Posted speed limit on Alma 35 mph, travel lanes separated by broken white 
lines and raised reflectors, north and southbound lanes di vi.ded by solid double 
yellow lines and amber reflectors, left turn lanes delineated by solid white 
lines, while pedestrian crosswalk lines and green bike lane marking at Churchill, 
no signs, ll'afJic signals actua ted by Churchill traffic (otherwise stays green 

* " ti States, J.P., The Abbreviated and Comprehensive Injury Scales, Proceedings o1 
the Thirteenth Stapp Car Crash Conference, Society of Automotive Engineers, Inc. 
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for Alma), cycle lengths: Alma, initial green 8 seconds, vehicle extension 3 sec, 
maximum green 65 sec (on weekdays 7-9 a.m., 11:30-1:30 p.m., 4-6 p.m.), yellow 
4 sec, all red 2 sec; Churchill, initial green 6 seconds, vehicle extension 
3.5 sec, maximum green 55 sec (above times), yellow 3 sec. Railroad crossing 
signal also activates traffic signals since crossing is close to Alma. 

Vehicles 

Vehicle 1, car, 1965 Rambler Classic 550 4-door sedan, tan, 36,727 miles, 
no inspection sticker, no power accessories, no padded components except "add-on" 
head restraints, lap restraints only, no apparent defects, routine maintenance 
performed. 

Damage: Severe localized crush to left front fender, left end of front 
bumper, and inner fender well. Battery case cracked and leaking acid. No visible 
interior damage. coc* 12-FLEE-2. 

Vehicle 2, cnr, 1972 Volvo 164E, 4-door sedan, dark blue, 6,723 miles, no 
inspection sticker, power steering and power brakes, padded dashboard and sunvisors, 
head restraints, 3-point restraints with single inertia reel for lap and shoulder 
belts, no apparent defects, routine maintenance performed. 

Damage: Sideswipe damage from left headlight to left B-pillar, maximum 
penetration 8 inches. Windshield cracked, and upper and lower A-pillar damaged. 
Under-dash mounted air conditioning unit dropped down, apparently because of 
impact, not occupant contact. CDC 11-LYES-2 (primary), 11-FLMS-l (secondary). 

Occupants 

Driver 1, 74-year-old female, height 63", weight 120 lbs., retired, driving 
experience 50 years at estimated 5,000 miles/year, trip plan home to department 
store (2-1 / 4 miles, accident occurred 3/4 mile from home), owned vehicle since 
\965, not usual route (has turned left at intersection only 3 times before). 
Learned to drive from neighbor, wears glasses, lap restraint used, no injuries. 

Driver 2, 32-year-old male, 72", 195 lbs., occupation medical doctor, 18 
years driving experience at estimated 20,000 miles annually due to long commute 
distance to work (previous year driving at 12,000 miles), trip plan home to film 
processor to electronics store to home: a total round trip of 6-3/4 miles (last 
leg, store to home, 2-3/4 miles) with ETA slightly after time accident occurred 
(Driver 2 was 3/4 miles from store when accident occurred) uses route daily, learned 
to drive from father, had cold previous weekend, no mental problems or real worries 
("just day-to-day stresses''), used three-point inertia reel system, head restraint 
adjusted in middle position. 

hy 
at 

* 

Injuries: sore left shoulder, 
air conditioning unit which fell 
neck of humerui:; not aggravated.) 

no bruises. (Occupant contact left knee hit 
out at impact, no bruises.) (Former break 

AIS 1. 

Collision Deformation Classification, Society of Automotive Engineers Technical 
Report J224a. 
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Standards 

HSPS 9. Identification and Surveillance of Accident Locations. Once identified, 
solutions must be sought for accident locations. 

HSPS 13. Traffic Control Devices. Traffic control solutions for this 
intersection should be studied to determine the best cost-benefit improvements. 

MVSS 208. Occupant Crash Protection. The inertia reel restraint system on 
Vehicle 2 is comfortable and seems to encourage restraint use. 

Description 

Pre-Crash 

Vehicle 1 was northbound on Alma approachin g Churchill. Driver 1 intended 
to make a left turn on Churchill. She entered the intersec tion from the left 
turn lane and stopped with her front bumper partially obstructing Lane S2. 
Vehicle 2 was southbound on Alma in Lane S2 at a driver-estimated speed of 35 mph . 
Driver 1 misjudged the speed and / or distance of Vehicle 2, and started up, attempting 
to complete her left turn when Vehicle 2 was only 60-70 ft. away. Driver 2 had 
already started moving to the right slightly to go around Vehicle 1, when he 
saw Vehicle 1 start to turn in front of him. Driver 2 applied his brakes with 
his left foot and simultaneously floored the accelerator with his right foot. The 
front wheels locked. Vehicle 2 left approximately 20 feet of skidmarks. 

Crash 

The vehicles impacted left front corner to left front corner. Vehicle 2's 
path was deflected as shown in Figure 1, and Vehicle 2 was damaged along the left 
side from the front end to the B-pillar. Vehicle l's front fender was crushed 
and buckled. Vehicle 1 was pushed backward slightly by the impact, and Vehicle 2 
continued skidding and came to rest against a small chain-link fence post at the 
·southwest corner of the intersection. Driver 1 did not recall hitting the interior 
of her vehicle. Driver 2's left shoulder impacted the inside of the left door. 
The air-conditioning unit was knocked off and impacted Driver 2's left knee. 

Post-Crash 

Driver 1 exited through left door, leaving her car in the intersection and 
walked over to Driver 2 to see if he was all right. Driver 2 was shaken and 
decided to remain seated in his vehicle,which was not obstructing traffic. A 
neighbor asked Driver 2 if he was hurt,and even though he said no, she called an 
ambulance. 

The first police to arrive were plain clothes men. They directed traffic 
until a uniformed officer arrived, who began his investigation after traffic was 
under control. A tow truck removed Vehicle 1 from the intersection to the side 
of the road. A second truck pulled Vehicle 2 away from the fence. Debris was 
swept up. Driver 1 was charged with violation of CVC 21801A, failure to yield. 
She forfeited bail. 
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Causal Factors and Recommendations 

Matrix Element Diagram 

The following diagram defines the numbering system used in the following matrix 
element description. 

Human 

Vehicle 

Environmental 

Matrix Element Description 

Matrix Cell No. 
(* indicates positive factor) 

Accident Causation 

Pre-Crash 

1 

4 

7 

Accident 
Avoidance 

Crash 

2 

5 

8 

Injury 
Prevention 

Explanation 

Post-Crash 

-3 

6 

9 

Restoration 
and Clean-up 

Primary or Principal Cause 

1 

Relevant Conditions 

1 

7 

Injury Causation 

*2 

*5 

Post-Crash Factors 

6 

Driver 1 attempted unsafe left turn in front 
of Vehicle 2. (definite) 

Driver 1 did not travel this route often. 
(definite) 

Congestion and delay at 
drivers to accept lower 
for turning movements. 

intersection leads 
than normal safe gaps 
(probable) 

Driver 2 was wearing restraints. (definite) 

Vehicle 2 was equipped with a convenient 3-point 
restraint system using an inertia reel. (definite) 

Both vehicles came to rest blocking traffic. 
(definite) 
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Matrix Element Description (Cont inued) 

Matrix Cell No. 
(* indicates positive factor) 

Recommendation 

7 

Explanation 

Obt ain funding to systematically study the 
capacity-service-safety relationships for 
this and similar locations in the city and to 
present recommendations for improvements to 
the city council. 
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I dent if ica tion 

Stanford Research Institute Multidisciplinary 
Accident Investigation Team Case SRI 2-016 

I CASE SUMMARY 

(Car/Car-Intersection Oblique Headon) 

This accident occurred at the intersection of Lytton Avenue and Alma St r e e t , 
Palo Alto, California, commercial area, January 3, 1973, 1515 hours, Wedne s d ay. 
Vehicle 1 attempted a left turn in front of oncoming Vehicle 2. Impact was 
oblique headon. PD (property damage only). Figure 1 is a plan view of the acc ident 
scene. 

Ambience 

Day, precipitation negligible, 51°F, 61% relative humidity, cloudy, visibilit y 
good, wind 270° at 10 mph, dry pavement. 

Highway 

Alma Street, major arterial, 52 ft wide north of intersection with Lytton, 
50 ft wide south of intersection, 2 traffic lanes and 2 bike lanes north of 
intersection, 4 traffic lanes south of intersection, no divider, asphaltic concrete 
pavement, Portland cement concrete curbs, straight, level, 4-6 in. crown, 3 streets, 
9 driveways and 60 poles/trees in last 1/4 mile traveled by Vehicle 1, 3 streets, 
7 driveways and 20 poles/trees in last 1/4 mile traveled by Vehicle 2. Number of 
a·ccidents at intersection: 1969, 7( 2 injury producing) ; 1970, 4; 1971, 6; 
1972(to July), 2 (2 IP); for a total of 19(4 IP) from 1969 to July 1972. 

Traffic Controls 

Posted speed limit 25 mph, double yellow lines separating northbound and 
southbound lanes, solid white pedestrian crosswalks and green lines marking bike 
lanes, pavement arrows designate right turn only lane, traffic signal actuated 
by Lytton traffic (otherwise stays green for Alma), cycle lengths: Alma, initial 
green interval 32.5 sec, no vehicle extension, no maximum interval, yellow 4 sec; 
Lytton, initial green 4.5 sec, vehicle extension 4.5 sec, maximum interval 31 sec, 
yellow 4 sec. 

Vehicles 

Vehicle 1, car, 1971 Ford Pinto 2-door coupe, red, 24,144 miles, no inspection 
sticker, no power accessories, padded dash and sunvisors, 3-point restraints, no 
evidence of pre-crash defects, routine maintenance perfonned. 
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Damng-<.•: Front bumper bent, hood buckled, g rille s hattered, air cond 1.t.1.oning 
condenser and radiator pushed back, possible ~istortion of body affecting fit of 
doors, no interior damage observed. CDC* 01-FDEW-2. 

Vehicle 2, car, 1968 Dodge Dart 270 2-door hardtop, green, 57,981 miles, no 
inspection sticker, no power accessories, padded dash and sunvisors, 4-point 
restraints, no evidence of pre-crash defects, routine maintenance performed. 

Damage: Left front fender buckled, ·front bumper bent, headlight mounting 
broken, no interior damage observed. CDC 12-FLEW-l. 

Occupants 

Vehicle 1, driver, male, 18 years old, 69 in., 235 lbs. , single, hobby-­
photography, student (college freshman), 6 months driving experience, driven 
6,000 miles (in case vehicle) in 6 months, commercial driving course at 16 years, 
two behind-the-wheel refresher courses before passing driving test, was ou t of the 
state for health reasons spring 1972 (details unknown), has we i ght p roblem, under 
no medication, is confused about his future, was preoccupied in thought at time of 
accident, pre-crash activity--ate late lunch 30 minutes before accide n t; trip plan-­
Menlo Park, destination drug store to shop, no ETA, accident occurred 1-3/4 miles 
from origin, has driven route 2-3 times/week for 4 months, t orso and lap restraints 
util ized. 

Injuries: none. 

Vehicle 2 , driver, female, 29 years old, 66 in,, 110 lbs., housewife, married, 
bachelor's degree, hobbies--gourmet cooking and skiing, 13 years driving experience, 
average 2,600 miles/year, no driver education, owned Dodge (case vehicle) 5 years, 
also drives '61 or '62 Mercury, hands at 10 - 2 o'clock wheel position; trip plan -
origin nursery school (2-3/4 miles from accident), destination - baby sitter's to 
pick up ch ild, ETA 1530 hours; drives route once/week, resident of peninsula 
2 years, pre-crash activities - participating in nursery school afternoon activity, 
talking to children in car, general feeling of well being, lap restrain t utilized, 
available torso restraint not worn. 

Injuries: none. 

Right Center Rear Passenger, Vehicle 2, female, 4 years old, 40 in., 29 lbs ., 
standing on floor, daughter of driver. 

Injuries: none. 

Left Center Rear Passenger, Vehicle 2, male, 4 years old, 41 in. , 35-40 lbs . , 
standing on floor, friend of driver. 

* 

Injuries: none. 

Collision Deformation Classification, Society of Automotive Engineers Technical 
Repor t J224a. 
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Standards 

The following Highway Safety Program Standards and Motor Vehicle Safety 
Standards were relevant to this case: 

HSPS 10. Traffic Records. Some information on police report incorrect. 

MVSS 207. Anchorage of Seats. Passengers in back and Driver 2 were uninjured 
because locking device prevented seat back from coming forward. 

Description 

Pre-Crash 

Vehicle 1 was southbound on Alma approaching Lytton. Vehicle 2 was northbound 
on Alma in Lane N2 approaching Lytton. Vehicle 1 slowed to make a left turn onto 
Lytton. Driver 2 saw Vehicle 1 but assumed that it would stop. When Driver 2 
saw that Vehicle 1 was not stopping, she applied her brakes. Vehicle 2 left 
28 ft of locked-wheel skidmarks up to the POI. 

Crash 

The left front corner of Vehicle 2 impacted the front end of Vehicle 1 about 
one ft. to the right of center . Vehicle 1 was pushed backward about 4 ft. The 
grille, bumper, hood, air conditionin g condenser and radiator o f Vehicle 1 were 
damaged. Vehicle 2 sustained moderate damage to the left front fender and left 
headlight are a. 

Post-Crash 

Both vehicles were at rest in the middle of the intersection. Traffic was 
able to move around them. Both drivers got out of their vehicles, and Driver 1 
called police, who arrived and began directing traffic. Both cars were towed from 
t 'he scene. Driver 1 walked from the scene, and Driver 2 and her passengers left 
the scene with Driver 2's husband. Driver 1 was cited for violation of eve 21801A, 
failure to yield. 

Causal Factors, Conclusions and Recommendations 

Matrix Element Diagram 

The following diagram defines the numbering system used in the following 
matrix elem~nt description. 

Human 

Vehicle 

Environmental 

Pre-Crash 

l 

4 

7 

Accident 
Avoidance 
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Crash 

2 

5 

8 

Injury 
Prevention 

Post-Crash 

3 

6 

9 
-r•-_. -

Restoration 
and Cleanup 



Matrix Element Description 

Matrix Cell No. 
(* indicates positive factor) 

Accident Causation 

1 

1 

Injury Causation 

*2 

*5 

Recommendations 

1 

Explanation 

Primary or Principal Causes 

Driver 1 attempted unsafe left turn. (definite) 

Relevant Conditions 

Driver 1 preoccupied with his thoughts. • (definite) 

Driver 1 was wearing lap and shoulder restraints. 
(definite) 

Driver 2 was wearing lap belt. (definite) 

Locking seat backs in Vehicle 2 prevented 
standing rear passengers from coming into front 
seat area upon impact. 

It is difficult to imagine any measure that 
could be taken to alleviate the problem of the 
inattentive or preoccupied driver. 
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Identification 

Stanford Reaearch Institute Multidisciplinary 
Accident Investigation Team Case SRI 2-017 

I CASE SUMMARY 

(Car - Rollover) 

This accident occurred on southbound U.S. Route 101 (Bayshore Freeway) on 
the overpass at Ellis St. (approx. milepost 47.0) , Mt. View, California, open 
roadway, commercial area, January 16, 1973, 1610 hours, Tuesday, 1 car ran off 
the road, went down an embankment and rolled over, IP (injury producing). 

* AIS 4. Figure 1 is a plan view of the accident scene. 

Ambience 

Day, 61°F, 76% relative humidity, winds out of the west at 10 knots, cloudy, 
vi1ibility good, dry pavement . 

Highway 

U, S. 101 ii a freeway, 150 ft wide including shoulders, 6 lanes, 56 ft wide 
dirt median divider with po1t and cable barrier, Portland cement concrete surface, 
8 ft wide a1phaltic concrete shoulder with 8 in, curb, 26° slope dirt embankment 
1lop I down from curb, 1traight roadway, 3% downgrade, one off-ramp, 3 poles, 
no troo1 in la1t ¼ mile traveled by Vehicle l. Number of accidents for southbound 
U., S, 101 b twoon milepo1h 46. 5 and 47, 5: 1969, 12(4 injury producing); 1970, 
17(7 IP); 1971, 21(3 IP). 

Traffic Control• 

Sp od limit 65 mph, lane• separated by broken white lines with white buttons 
nd rai1ed reflectora, 1ign at last off-ramp, no signals. 

Vehicle 

1, Car, 1970 Chry1ler New Yorker, 2-door hardtop, tan, 21,773 miles, no 
inapection sticker, power 1teering and power brakes, padded dashboard and sunvisors, 
head re1traint1 in down position, 4-point restraints, seat belts on floor behind 
1eat, no evidence of pre-cra1h defects, complete tune-up performed 3 months before 
accident . 

* States, J.P. , "The Abbreviated and Comprehensive Injury Scales," Proceedings 
of the Thirteenth Stapp Car Crash Conference, Society of Automotive Engineers, Inc. 
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Damage: Roof and both A-pillars crushed, windshield cracked, numerous scrapes 
and dents on sides, separated motor mount, evaporative emission control line 
disconnected and leaking fuel. Both left side wheels bent from curb contact, 
left front tire deflated. All side window glass shattered. No obser vable damage 
from occupant contact. enc* 00-TPG0-5, primary; CDC 09-LBMW-l, secondary. 

Occupant 

Vehicle l. Driver, male, 56 years old, 73", 155 lbs, q~ality engineer, 
7th grade education, hobby--fishing, 39 years driving experience, averaging 
21,000 miles/year, no driver education, usually drives Plymouth Cricket, owned 
'70 Chrysler for 2½ years, no restraints used, trip plan: San Francisco place 
of work (left at 1530) to home in Santa Clara, ETA 1630hours, accident occurred 
34 miles from origin - 7-3/4 miles from destination, drives route everyday for 
9 years, no medication taken, physical heal th good, general feeling of well. being . 

Injuries: Pneumothorax (left), 5 ribs fractured (left side), kidney contusion, 
possible concussion, multiple abrasions, hematoma and contusions on face and 
head. AIS 4. 

Standards 

The following Highway Safety Program Standards and Motor Vehicle Safety 
Standards were relevant to this case: 

HSPS 16. Debris Hazard Control and Cleanup. Broken glass and a small 
amount of gas spillage were not cleared from the on-ramp. 

** MVSS No. 205 Glazing Materials. This prevented driver from receiving 
serious lacerations from borken glass. 

** MVSS No. 206 Door Locks and Door Retention Components. All doors 
re~ained closed lessening probability of ejection. 

MVSS No. 301. Fuel Tanks, Fuel Tank Filler Pipes, and Fuel Tank Connections. 
Vapor return lines damaged from below, leaked fuel when vehicle was upside down. 

Description 

Pre-Crash 

Vehicle l was southbound on u.s. 101 in Lane SI at a driver-estimated speed 
of 55 mph. Driver 1 had allowed 1130 ft" of clearance between his car and the car 
ahead. According to Driver 1 a phantom vehicle changed into Lane SI ahead of 
Vehicle 1. At this same time the traffic in all lanes was slowing abruptly. The 
phantom vehicle braked, and Driver 1 braked hard and steered to the right to avoid 
a collision. Vehicle 1 began to spin as it veered to the right. 

* 

** 

Collision Deformation Classification, Society of Automotive Engineers, Techn ical 
Report J224a. 

Positive factors. 
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Crash 

Vehicle 1 impacted the curb at the edge of the road. The left side wheels 
were bent by the impact, and the left front tire deflated. The car went down 
the embankment and rolled over. Driver 1 was unrestrained and moved around inside 
the front seat area of the car. The vehicle came to rest upside down adjacent 
to the on-ramp. The roof was crushed 10 in., and fuel was leaking from a damaged 
vapor return line. 

Post-Crash 

A truck which had been following Vehicle 1 stopped. The driver ran down the 
embankment and opened the left front door of Vehicle 1. Driver 1 crawled out. 
A tow truck passing by the scene with another car reported the accident. The 
California Highway Patrol arrived on scene and began directing traffic on the 
on-ramp. A tow truck arrived. Vehicle 1 was righted and towed from the scene. 
Driver 1 left in the tow truck, but was later admitted to the hospital. 

Causal Factors and Recommendations 

Matrix Element Diagram 

The following diagram defines the numbering system used in the matrix element 
description. 

Human 

Vehicle 

Environmental 

Matrix Element Descriptioo. 

Matrix Cell No. 
(* indicates positive factor) 

Accident Causation 

Pre-Crash 

1 

4 

7 

Accident 
Avoidance 

Crash 

2 

5 

8 

Injury 
Prevention 

Explanation 

Post-Crash 

3 

6 

9 

Restoration 
and Cleanup 

Primary or Principal Causes 

7 

1 

Phantom vehicle changed lanes in front 
of Vehicle 1 and then braked. (definite) 

Driver l braked hard and steered to the 
right. (definite) 
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M~trix Element Description (Continued) 

Matrix Cell No. 
(* indicates positive factor) 

Accident Causation 

4 

Injury Causation 

2 

Post-Crash Factors 

*3 

Recommendations 

5 

1 

Explanation 

Severity Increasing Factor 

Vehicle l spun out. (definite) 

Driver l was not wearing available restraints, 
however, it could not be determined whether 
driver would have received more severe 
injuries had he worn them. 

Witness stopped and opened door to allow 
Driver 1 to exit. (definite) 

Fuel lines should not be vulnerable to 
impacts from below. 

The feasibility of conducting courses on 
vehicle handling in emergency situations 
for drivers should be investigated. 
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Identification 

Stanford Research Institute Multidisciplinary 

Accident Investigation Team Case SRI 2-018 

I CASE SUMMARY 

(Car/Car/Car--Lost Control/ Lateral/ Sideswipe) 

Foothill Expressway, Los Altos, California, open roadway, residenti a l area, 
January 16, 1973, 0808 hours, Tuesday, 3 cars--Vehicle 2 went out of cont rol, 

crossed divider and was impacted laterally by Vehicle 1. Vehicle 1 was in t urn 
sideswiped by Vehicle 3, Fatal, AIS* 7. Figure 1 is a plan view of t he accident 
site. 

Ambience 

Day, heavy rain, 56°F, strong winds, visibility 25-50 yards, road surfac e h ad 

heavy layer of water but not flooded. 

Highway 

Expressway, limited access with widely separated signalized intersections, 
total pavement width 75 ft, 4 lanes, 8 ft wide median divider with 8 inch high 
curbs and low pyracantha bushes, asphaltic concrete surface treated with "slurry 

seal" (slippery when wet), paved shoulders, no curb, straight and level, very slight 
crown, no super-elevation, no accesses and 3 poles/trees in last 1/4 mile traveled 

by Vehicles 1 and 3, 1 access and 3 poles/trees in last 1/4 mile traveled by 

Vehicle 2. 

Number of accidents between intersections with Magdalena and Loyola (total 

distance of 0.7 mile): 1969, 3 (1 injury producing); 1970, 2; 1971, 4 (2 IP); 

1972, 3 (2 IP). 

Traffic Controls 

Speed limit 45 mph, solid white edge lines, traffic lanes separated by broken 

white lines, "KEEP CLEAR" on pavement adjacent to fire station, "NO TURNS" sign 

on median and "NO RIGHT TURN" sign on shoulder at fire station, tra f fic signals 

activated only when fire trucks leave station. 

* States, J.P., "The Abbreviated and Comprehensive Injury Scales," Proceed ings of the 

Thirteenth Stapp Car Crash Conference, Socie t y of Automotive Engi ne e r s, Inc . 
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Vehicles 

Vehicle 1, car, 1964 Ford Falcon Sprint, 2-door convertible, burgundy, 94,004 
miles, no inspection sticker, no power accessories, padded dash and sun visors, lap 
belts, left rear and right front tires almost bald, routine maintenance performed, 

but vehicle was somewhat run down in appearance. 

Damage: Grille and front bumper crushed, hood and left front fender buckled, 

left front suspension bent, windshield cracked, indentations in left door, right 

front fender crushed by Vehicle 3. Vinyl covering over dash padding cracked left of 
steering wheel. CDC* 12-FDEW-2 (primary), 05-RFEW-2 (secondary). 

Vehicle 2, car, 1972 AMC Gremlin, 2-door coupe, green, 13,549 miles, no inspection 

sticker, power accessories unknown (hood jammed), padded dash and sun visors, 

integral head restraints, 4-point restraints, rear tires heavily worn, routine 

maintenance performed. 

Damage: Severe crush to left side of body, partial separation of left 8-pillar, 
left front seat and steering wheel pushed to right, left rear wheel and brake drum 

bent, windshield broken, all other glass except right rear quarter shattered, 

engine mounts separated. Passenger compartment reduced in size. CDC 09-LZAW-3 

Vehicle 3, car, 1963 Chevrolet, suffered minor damage to the grille and left 
front fender. One headlight broken. Vehicle was unavailable for inspection. 
Estimated CDC 11-FLEE-l 

Occupants 

Vehicle 1, driver, male, 17½ years old, 67½'', 138 lbs, single, student (high 
school senior), hobby--skiing, l½ years driving experience, driven 9,000-10,000 in 
last 11 months, owned case vehicle 11 months, high school driver education at 16 

years, drives route daily, trip plan: origin home, destination doctor's office, 

ETD 0755 hours, ETA 0820 hours, accident occurred 1.8 miles from origin, psycholog ical 

condition: "felt really good," lap restraint worn tightly. 

Injuries: Extensive laceration across bridge of nose, severe back pain. 
AIS 4 

Vehicle 2, driver, male, 17½ years old, 67", 157 lbs, single, student (high 

school senior), part time work as repairman and janitor, hobbies--science fiction, 
photography, active in Boy Scouts and church, 6 months driving experience, average 

number of miles unknown, drove route 2-3 times/ week, high school driver education 

at 16½ years, drove case vehicle 6 months, no physical problems, no psychological 

* Collision Deformation Classification, Society of Automotive Engineers Technical 
Report J224a. 
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problems detected, trip plan: origin home, destination school, ETA 0810, accident 
occurred 2.7 miles from origin, lap and probably upper torso restraints utilized. 

Injuries: occipital condyle dislocated (displaced forward 0.5 cm) from atlas 
vertebra, ligaments partially torn, spinal cord below medulla slightly contused, 
subarachnoid hemorrhage, right liver lobe stellate tear, severely lacerated, 2 cm 
and 3 cm lacerations in spleen, bilateral hemothorax, hemoperitoneum, retroperitoneal 
hematomas, contusions of lung, 1" diameter contusions on lower right abdomen and on 
opposite side, 3" lacerations from base of left thumb to medial side of wrist 
(1/2" deep to intact muscles and tendons), 2" long abrasion back of left hand, 
3" by 2" contusion medial lower left thigh, 1" diameter contusion lateral left 
thigh. AIS 7, Fatal. 

Vehicle 2, right front passenger, female, 15½ years old, 61", 95 lbs, sister 
of driver,lap restraint utilized. 

Injuries: Cerebral concussion, (final primary diagnosis), displaced fracture 
of left humerus, pneumothorax with left lung contusion, fractured left superior 
pubic ramus, 4 to 5 cm right parietal hematoma, abdomenal pain, contusions on l ef t 
side. AIS 4. 

Vehicle 3, driver, female, 34 years old, 62", 105 lbs, married, works part time, 
driving experience unknown, vehicle familiarity unknown, driver education unknown, 
road familiarity unknown, trip plan: origin home, destination work, ETA unknown, 
physical and mental condition unknown, restraint use unknown. 

Injuries: 
agent. (Note: 
to talk about 

Standards 

None noted on police accident report, none mentioned to insurance 
Driver 3 was shaken by the experience of seeing Driver 2 and refused 

the accident.) 

The following Highway Safety Program Standards and Motor Vehicle Safety Standards 
were relevant to this case: 

HSPS 1. Periodic Motor Vehicle Inspection. Both Vehicles 1 and 2 had tires with 
less than 1/32 inch tread. 

HSPS 12. Highway Design, Construction and Maintenance. Foothill Expressway may 
not have a surface of adequate skid resistance given the 45 mph speed limit. 

MVSS 105. Hydraulic Braking Systems. Vehicle 2's rear wheels locked up on 
braking. 

MVSS 214. Side Door Strength. Driver 2 had fatal injuries from side intrusion. 
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Description 

Pre-Crash 

Vehicle 1 was westbound on Foothill Expressway in Lane W2 at a driver-estimated 

speed of 40 mph. Vehicle 2 was eastbound in Lane E2 at 25-30 mph (speed estimated 

by witness). Witness saw a vehicle ahead of Vehicle 2 slow down. Driver 2 applied 

his brakes. The bald rear tires skidded on the wet pavement, and the car started to 

spin to the left (counterclockwise). It crossed the divider and had slid and spun 

210° when it was impacted by Vehicle 1. Driver 1 said that he braked when he saw 

Vehicle 2 on the divider, but was unable to avoid collision. 

Crash 

Vehicle 1 impacted Vehicle 2 at estimated 35 mph. (Vehicle 2 was at estimated 
5 mph). At the point of impact the front bumper of Vehicle 1 extended from the 

middle of the left door almost to the rear bumper of Vehicle 2. Vehicle 1 pushed in 
Vehicle 2's door and B-pillar, and bent the left rear wheel and brake drum. Vehicle 2 

pivoted around the 
viewed from above. 

the median and the 

left front corner of Vehicle 1 rotating counterclockwise as 

It rotated 180° before coming to rest with its rear wheels in 
front wheels in Lane W2. Vehicle 1 was forced to the right by 

the impact into the path of Vehicle 3, which had been behind Vehicle 1 in Lane Wl. 
Vehicle 3 impacted Vehicle 1 in the right front fender, pushing it in ahead of the 
front wheel. Vehicle 3 suffered only minor damage to its left front fender, grille 

and left headlight area. 

When Vehicle 2 started fishtailing, the right front passenger contacted her 

head on the right front window causing hematoma of the parietal area. During the 
spin she probably received a concussion from impact with the right A-pillar. 

Upon impact of Vehicle land 2, Driver 1 contacted the steering wheel with the 

bridge of his nose receiving a 3" laceration. Driver 2 was probably turned toward the 

left door. His torso was violently accelerated and the inertia of the head caused 

the skull to dislocate at the cervical spine (occipital-atlantal joint). This 
caused damage to the spinal cord (contusions) which caused respiratory embarassment. 
This injury was probably the cause of death. As Vehicle l intruded, the left door 
contacted Driver 2's upper torso causing lung contusions, lacerated liver and 
spleen and bilateral hemothorax. The seat bent inward and pushed Driver 2's body 
against the right front passenger causing Driver 2's retroperitoneal hematomas. 

The right front passenger upon impact of Vehicles 1 and 2 was thrown to the 
left against the left seat and driver. She sustained a displaced transverse 

fracture of the left humerus, left lung contusion with pneumothorax, and fractured 

superior pubic ramus. 
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Post-Crash 

Vehicle 2 came to rest with its rear wheels in the median and its front wheels 
in Lane W2. Vehicles 1 and 3 came to rest in the traffic lanes as shown in Figure 1. 

Driver 1 got out of his car, walked to the median and sat down. Driver 3 left 

her car, looked in Vehicle 2 and then went to the nearby fire station where she phoned 

her husband. Firemen, having heard the collision, came over to investigate. 

Driver 2 was checked for vital signs, but none were found. The right front passenger 

of Vehicle 2 was extricated. Driver 1 and right front passenger 2 were taken to 

the hospital by ambulance. Driver 2 was left in Vehicle 2 until the coroner arrived 
almost one hour later. Driver 2 was removed from Vehicle 2 and taken to the morgue. 

Vehicles 1 and 2 were towed from the scene, and Vehicle 3 was driven away. 

Causal Factors, Conclusions and Recommendations 

Matrix Element Diagram 

The following diagram defines the numbering system used in the following 

matrix element description. 

Human 

Vehicle 

Environmental 

Pre-Crash 

1 

4 

7 

Accident 

Avoidance 

Crash 

2 

5 

8 

Injury 

Prevention 

Post-Crash 

3 

6 

9 

Restoration 

and Cleanup 

Matrix Element Description 

Matrix Cell No. 
(* indicates positive factor) 

Accident Causation 

7 

1 

4 

Explanation 

Primary or Principal Causes 

Vehicle ahead of Vehicle 2 slowed down. (definite) 

Driver 2 applied brakes, locking rear wheels. 

(definite) 

Vehicle 2 crossed median divider into on~oming 

traffic. (definite) 
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SRI 2-018 

Matrix Element Description (Continued) 

Matrix Cell No. 
(* indicates positive factor) 

Accident Causation 

1 

4 

7 

4 

4 

7 

1 

Injury Causation 

5 

*2 

2 

2 

Explanation 

Severity Increasing Factors 

Driver 2 was unable to control Vehicle 2 in 
skid. (definite) 

Rear tires of Vehicle 2 were almost bald; front 

tires were new. (definite) 

Heavy rain was falling and road surface was 
covered with water. (definite) 

Worn tires on Vehicle 1 limited braking ability. 
(definite) 

Relevant Conditions 

Vehicle 2 had history of rear brake locking on 
dry pavement. (definite) 

Heavy rain and dark clouds reduced visibility. 
(definite) 

Driver 2 was inexperienced (definite) and 

incapable of handling vehicle under emergency 

maneuvering situations. (probable) 

Severe intrusion of Vehicle 1 into passenger 

compartment of Vehicle 2 caused Driver 2's injuries. 

Driver 1 was wearing a lap restraint. (defini te) 

Driver 2 was wearing lap restrain t (definite) 

and upper t orso restraint (probable) 

RF passenger of Vehicle 2 was wearing lap 

restraint. (probable ) 
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Matrix Element Description (Concluded) 

Matrix Cell No. 

(* indicates positive factor) 

Post-Crash Factors 

*9 

Recommendations 

1 

4 

4 

4 

Explanation 

Accident occurred in front of fire station; 
firemen were on scene immediately for extrication, 
first aid, assistance. (definite) 

Popular myth that best tires should go on the 
s tee ring axle should be countered by public 

education. 

If Vehicle 2 had been equipped wi th an antiskid 

braki~g system, thi s accident might have been 
reduced to a less serious rear end collision or 

preven t ed altogether . Such systems are presen tly 
available as an option on a few expensive automobiles. 
The y should be made optional equipment on all 

passenger vehicles. 

The state of Cali fo rni a should establish a 
prog ram of periodic motor vehicle inspection 

for all cars. 

Motor Vehicle Safety Standard No. 105--Hydraulic 

Brake Systems--should be upgraded to reflect 

the present state of the art. 
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Identification 

Stanford Research Institute Multidisciplinary 
Accident Investigation Team Case SRI 2-019 

I CASE SUMMARY 

(Car/Car - Lateral) 

This accident occurred at the intersection of Alma Street and Churchill 
Avenue, Palo Alto, California, residential, February 6, 1973 , 1547 hour s, Tuesday, 
2 cars - lateral, PD (property damage only). Vehicle 2 was impacted by Veh i cle l 
while completing a left turn. 

Ambience 

Day, light rain, 62°F, 88% relative humidity, no wind, good visibility, 
cloudy, wet pavement. 

Highway 

Alma Street, major arterial, 45 ft wide, 4 lanes plus left turn lanes at 
Churchill intersection, no divider, asphaltic concrete surface, concrete curbs 
on both sides, straight, no grade or superelevation, 8" crown, 13 driveways, 
2 stree t s and 40 poles/trees in last 1/4 mile traveled by Vehicle l, 14 driveways, 
2 s treets and 43 poles/trees in last 1/4 mile traveled by Vehicle 2. 

Churchill Avenue is a minor arterial 36 ft wide, 2 motor vehicle lanes and 
·2 bike lanes, has railroad grade crossing near Alma Street. The road slopes 
from level on Churchill before the intersection 4% upward to the raised track 
bed. Accident history of intersection: 1969, 10(1 injury producing); 1970, 
10(1 IP); 1971, 11(1 IP); 1972, 12(6 IP); total 43 (9IP); 35% of the accidents 
involved N/B Alma vehicles turning left to W/B Churchill and colliding with 
S/B Alma vehicles (same as this accident), 

Traffic Controls 

Posted speed limit on Alma 35 mph, travel lanes separated by broken white 
lines and raised reflectors, north and southbound lanes divided by sol id double 
yellow lines and amber reflectors, left turn lanes delineated by solid white 
lines, white pedestrian crosswalk lines and green bike lane marking at Churchill, 
no signs, traffic signals activated by Churchill traffic (otherwise stays green 
for Alma), cycle lengths: Alma, initial green 8 seconds, veh i cle e xtension 
3 sec, maximum green 65 sec (on weekdays 7-9 a.m., 11:30-1:30 p.m., 4-6 p.m.), 
yellow 4 sec, all red 2 sec; Churchill, initial green 6 sec , vehicle extension 
3.5 sec, maximum green 55 sec (above time periods), yellow 3 sec. Railroad 
crossing also activates traffic signals since crossing is close to Alma 
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Vehicles 

Vehicle 1, car, 1971 Peugeot 504 4-door sedan, maroon, 30,177 miles, no 
inspection sticker, power disc brakes, padded dash, steering wheel hub and sun 
visors, 3-point restraints, adjustable head restraints, no evidence of pre -crash 
defects, routine maintenance perfonned. 

Damage: Moderate ciush to front end, front bumper attachments separated. 
No interior damage. CDC 12-FDEW-l 

Vehicle 2, car, 1969 Ford LTD 4-door hardtop, black vinyl over tan, 81,211 
miles, no inspection data, power steering and power brakes, padded dash and 
sunvisors, 4-point restrai.nts, adjustable head restraints, no evidence o f 
pre-crash defects, routine maintenance performed. 

Damage: Right rear fender pushed in, right rear tire cut and deflated. 
No interior damage. CDC* 03- RBEW-l 

Occupants 

Vehicle 1, driver, female, 57 years old, 6611
, 130 lbs., divorced, 3 children 

living at home and 1 child away from home, living in area 12 years, BA degree in 
political science, real estate broker , hobby--reading, 25 yea r s dr i ving exper i ence , 
averages 21,000 miles/year, no driver education, drives area 1- 2 times dai ly, 
owned case vehicle 17 months, takes prescribed medication - scripton for arthri tic 
condition and thyroid extract for thyroid, trip plan: origin office, destination 
high school to pick up daughter (distance of 4 miles, accident occurred 1 mile 
from origin) , driver was late in leaving office, "felt energetic day of accident," 
lap and upper torso restraint utilized. 

Injuries: none 

Vehicle 2, driver, male, 56 years old, 68½'', 160 lbs, married, 2 children 
living away from home, has lived in area 28 years, 3 years college, real estate 
broker, hobbies--hwiting, fishing, skiing, 40 years driving experience, average 
27,000 miles/year, no driver education, drives area 2-3 times/week, owned case 
vehicle 3 years, no medication, trip plan origin home, destination lumber yard 
to pick up lumber (distance of 1.5 miles, accident occurred 0.8 miles from 
origin), no ETA. Lap restraint was utilized. 

Injuries: none 

Standards 

HSPS 9. Identification and Surveillance of Accident Locations. Once 
identified, solutions must be sought for accident locations. 

HSPS 13. Traffic Control Devices. Traffic control solutions for this 
intersection should be studied to determine the best cost-benefit improvements. 

* Collision Deformation Classification, Society of Automotive Engineers Technical 
Report J224a. 
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MVSS No. 215. Exterior Protection. Bumper on Vehicle 1 provided very 
little protection to headlights and front end sheet metal. 

Description 

Pre-Crash 

Vehicle 1 was southbound on Alma in Lane Slat a driver-estimated speed of 
35 mph (speed limit 35 mph). Vehicle 2 was in the northbound l eft- t um lane 
waiting to turn onto westbound Churchill. A southbound vehicle (No. 3) turned 
right onto westbound Churchill. There was a gap in southbound traffic a t thi s 
time and Driver 2 proceeded to turn left, thinking he could complete his t u rn 
safely in front of oncoming Vehicle 1. Howe ver, Vehi cle 3 stopped a t the 
railroad tracks (see Figure 1) forcing Vehicle 2 to stop i n f ront of Vehicle 1 . 
Driver 1 applied her brakes. 

Crash 

Vehicle 1 impacted Vehicle 2 in the right rear fender. Impact speed wa s 
5-10 mph. Vehicle 2 was moved sideways slightly by the impac t . The right rear 
tire was cut by sheet metal and quickly deflated. The f ender was pus hed in 3 
inches. The front end of Vehicle 1 was pushed in 5 inches near the right s ide , 
less on the left. All but one bwnper mounting failed , causing one end of the 
bumper to fall to the ground. 

Post-Crash 

Driver 2 drove his car across the railroad tracks and parked it at the curb. 
Then he walked back to Vehicle 1 and asked Driver 1 if she could drive her car. 
Dri ver 2 then held up one end of Vehicle l's front bumper while Driver 1 slowly 
drove her car across the tracks and stopped behind Vehicle 2. Driver 1 went across 
the street and called her insurance company. She was going to call the police, 
but a patrol car arrived at the scene first. When SCAT arrived at the scene, 
Driver 2 was changing his tire and prying the fender away from the tire so that 
he could drive away. A tow truck was called for Vehicle 1. There was no glass 
or other debris to be cleaned up. 

Causal Factors, Conclusions and Reco11D11endations 

Matrix Element Diagram 

The following diagram defines the numbering system used in the following 
matrix element description. 

Human 

Vehicle 

Environmental 

Pre-Crash 

1 

4 

7 

Accident 
Avoidance 
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Crash 

2 

5 

8 

Injury 
Prevent ion 

Post-Crash 

3 

6 

9 

Res toration 
and Clean-up 



Matrix Element Description 

Matrix Cell No, 
(* indicates positive factor) 

Accident Causation 

l 

7 

1 

7 

l 

Injury Causation 

*2 

Post-Crash Factors 

*3 

Recommendation 

7 

Explanation 

Primary or Principal Causes 

When Driver 2 started his left turn, he assumed 
that the vehicle which had turned ahead of him 
would not stop, (definite) 

Vehicle 3 (phantom vehicle) stopped, forcing 
Vehicle 2 to stop in the intersection. (definite) 

Driver l anticipated that Vehicle 2 would 
complete its turn, When it did not, she could 
not stop. (probable) 

Severity Increasing Factor 

Pavement was wet, reducing Vehicle l's ability 
to stop quickly. (definite) 

Relevant Conditioo 

Driver l was late and may have been driving 
faster than usual as a result. (possible) 

No injuries. Driver l was wearing restraints. 
(definite) 

Driver 2 helped Driver l move her car out of 
the intersection. (definite) 

Obtain funding to systematically study the 
capacity-service-safety relationships for this 
and similar locations in the city and to 
present recommendations for improvements to 
the city council . 
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Ident ific ation 

Stanford Research Institute Multidisciplinary 
Accident Investigation Team Case SRI 2-020 

I CASE SUMMARY 

(Phantom Car/Car--Rollover) 

This accident occurred on Foothill Expressway in Palo Alto, 
roadway, residential area, February 20, 1973, 1620 hrs, Tuesday. 
Producing). AIS* 1. This concerns a single vehicle rollover. 
plan view of the accident scene. 

Ambience 

California, open 
IP (Injury 

Figure 1 is a 

Day, no precipitation, 71°F, 54% relative humidity, wind from the north at 
3-7 mph, visibility 2 miles, dry road surface. 

Highway 

Foothill Expressway, 75 ft wide, 4 lanes, 8 ft wide median with curbs, asphaltic 
concre t e surface, 7.5 ft paved shoulder and curb at edge of shoulder, straight, 
3% upgrade, negligible crown, no accesses, no trees and no poles in last 1/4 mile 
tr a veled by Vehicle 1. From 1969 to 1972, there were 4 accidents on a section of 
Foothill Expressway 1-1/8 miles long containing the site of this accident. 

Traffic Controls 

Posted speed limit 45 mph, traffic lanes separated by broken white lines and 
raised reflectors, solid white line between slow lane and shoulder, no signs or 
signals near accident site. 

Vehicles 

Vehicle 1, car, 1971 Ford Torino 500 4-door station wagon, green, 35,365 miles, 
California Highway Patrol inspection sticker expired 12-31-72, power steering and 
power brakes, padded dashboard and sunvisors, 3-point restraints with detachable 
upper torso restraints, adjustable head restraints, radial-ply tires on front 
wheels, bias-ply snow tires on rear wheels, routine maintenance performed. 

Damage: Roof buckled over front seat, windshield header buckled, upper 
A-pillars bent, roof luggage rack damaged, windshield broken, very slight damage 
to front fenders and left rear fender. No interior damage due to occupant contact. 
coc**oo-TPG0--4. 

*American Medical Associated Abbreviated Injury Scale (see Collision Performance 
and Injury Report in Appendix B for complete description of AIS). 

** Collision Deformation Classification, Society of Automotive Engineers Technical 
Report J224a. 
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Vehicle X, car, 1965 Ford Galaxie 4-door sedan (did not contact Vehicle 1 
but changed lanes causing Driver l to attempt evasive action resulting in the 
accident). 

Occupants 

Driver 1, 44-year-old female, 63", 125 lbs, widowed, no children, occupation-­
operating room nurse, trip plan--work to friend's home, a distance of 3.5 miles 
(accident occurred 1.3 miles from work) to return borrowed items. Purchased 
vehicle new in April 1971, driven 22 months for 35,000 miles, drives route rarely 
(perhaps quarterly), no driver education, physical and mental conditj_on good 
(just returned to work from week off, had a very good day), lap restraint worn 
snugly. 

Injuries: bruise at base of sternum, medial right knee, lateral left knee, 
base of left thumb, left wrist and forearm sore, tiny laceration second finger 
left hand. AIS 1. 

Driver X, 49-year-old female, 65". Involved as "phantom vehicle" driver, 
no direct contact with Vehicle 1. 

Standards 

The following standards are relevant to this case: 

MVSS No. 216, Roof Crush Resistance. The roof crushed 11 inches, but 
mostly over the unoccupied right front seat. 

HSPS 15. Police Traffic Services. Officer reported Vehicle 1 as a 1971 
Dodge rather than a 1971 Ford Torino. 

Description 

Pre-Crash 

¥ehicle 1 was eastbound in Lane El of Foothill Expressway at an estimated 
speed of 52 mph. Vehicle X, eastbound in Lane E2 started to change lanes in 
front of Vehicle 1. To avoid a collision, Driver 1 braked hard and steered onto 
the paved shoulder. The vehicle became unstable and swerved back into Lane El. 
Driver 1 ove:r--corrected, and Vehicle 1 skidded to the right. 

Crash 

Vehicle 1 impacted the 30° embankment obliquely. The right front wheel went 
up the bank first, tipping the car over to the left. The left front wheel rolled 
up the bank about two feet, and the left front fender penetrated the soft dirt of 
the embankment as the car rolled over and came to rest on its roof. 

* Speed estimated by SCAT from skid marks. Driver estimated speed at 35-40 mph. 
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Post-Crash 

Driver l's first attempt to turn off the ignition was unsuccessful. She put 
the transmission into park, and then turned off the ignition. Persons stopped 
at the scene and assisted her in exiting. Driver 1 was unable to release the 
belt (she said she was too shaken). The door was unlocked and opened (someone 
cut the seat belt webbings) and Driver 1 exited feet first. Driver l was wrapped in a 
blanket. Driver X had continued about one-half mile beyond the scene, called 
the police and returned to the scene. 

A tow truck righted Vehicle 1 and removed it. Glass debris and spilled 
fluid were not swept up. One police unit took Driver 1 to the hospital for a 
check-up. 

Causal Factors, Conclusions, and Recommendations 

Matrix Element Diagram 

The following diagram defines the nwnbering system used in the following 
matrix element description. 

Hwnan 

Vehicle 

Environmental 

Matrix Element Description 

Matrix Cell No. 
(* Indicates positive factor) 

Accident Causation 

1 

l 

1 

7 

Pre-Crash 

1 

4 

7 

Accident 
Avoidance 

Crash 

2 

5 

8 

Injury 
Prevention 

Explanation 

Post-Crash 

3 

6 

9 

Restoration 
and Cleanup 

Primary or Principal Causes 

Driver X looked in rear view mirror and thought 
it was safe to change lanes; wide upper C-pillar 
probably blocked view of Vehicle 1. (probable) 

Driver 1 overreacted to movement of Vehicle X. 
(definite) 

Driver 1 was unable to control vehicle in 
emergency situation. (definite) 

Vehicle X started to change lanes and threatened 
to collide with Vehicle 1. (definite) 
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Accident Causation 

4 

1 

7 

Injury Causation 

*l 

Post-Crash Factors 

*3 

Recommendations 

4 

1 

4 

Severity Increasing Factor 

Vehicle 1 had radial-ply tires on the front 
wheels and bias-ply snow tires on the rear 
wheels leading to instability while braking. 
(probable) 

Vehicle 1 was traveling at least 10 mph over 
the speed limit. (probable) 

Oblique impact with embankment caused vehicle 
to overturn. 

Driver 1 was wearing lap belt. (definite) 

Unknown person cut Driver l's seat belt so 
she could get out of her car. 

Recommend that purchasers of radial-ply tires 
be infonned of dangers of mixing different kinds 
of tires, especially snow tires. 

The feasibility of conducting courses on vehicle 
handling in emergency situations should be 
investigated. 

Improved rear vision equipment for vehicles 
with wide upper C-pillars is suggested. 
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Identification 

Stanford Research Institute Multidisciplinary 
Accident Investigation Team Case SRI 2-021 

I CASE SUMMARY 

(3 Cars--Lateral Impact) 

This accident occurred at the intersection of El Camino Real and Portage 
Road, Palo Alto, California, commercial, February 22, 1973, 1600 hours, Thursday, 
3 cars--lateral impact, IP (injury producing). Ars* 1. Westbound Vehicle 1 
was proceeding across northbound traffic to turn left; Vehicle 2 was proceeding 
northbound. Vehicle 1 impacted Vehicle 2 in the right side, which forced Vehicle 2 
into southbound Vehicle 3 waiting to turn left, Figure 1 is a plan view of the 
accident scene, 

Ambience 

Day, 67°F, 68% relative humidity, no precipitation, visibility good, winds 
010° at 3 mph, dry pavement. 

Highway 

El Camino Real, major arterial, 104 ft wide, 6 lanes, median variable width 
with curbs, asphaltic concrete pavement, curbs at road edges, straight, level, 
slight crown, 2 streets, 10 driveways and 18 poles in last 1/4 mile traveled 
by Vehicle 2, 1 street, 3 driveways, 1 railroad crossing and 11 poles in last 
1/4 mile traveled by Vehicle 3, 

Portage Road, local, 35,5 ft wide, 2 lanes, no divider, asphaltic concrete 
pavement, curbs at road edges, straight, level, slight crown, "T" intersection with 
El Camino Real, l street, 11 driveways and 12 poles in distance traveled by Vehicle 
(1/8 mile). 

In 1969, 3 accidents were reported at the intersection of Portage and El 
Camino Real. No accidents were reported during 1970-1972. 

* States, J ,P., "The Abbreviated and Comprehensive Injury Scales," Proceedings 
of the Thirteenth Stapp Car Crash Conference, Society of Automotive Engineers, Inc 
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Traffic Controls 

El Camino Real: Speed limit 35 mph, lanes separated by broken white lines, 

white buttons and raised reflectors, pavement marking indicating railroad 

crossing in northbound lanes of El Camino Real just south of Portage, limit line 

at Portage stop sign, railroad crossing, and "NO TURNS" signs on El Camino, 
STOP sign on Portage, traffic signal at El Camino and Hansen Way 107 ft south of 

Portage. 

Vehicles 

Vehicle 1, car, 1967 Chrysler Newport Custom 2-door hardtop, green, 73,812 
miles, California Highway Patrol inspection sticker (expiration date December 
31, 1973), power steering, power brakes, padded dashboard, lap restraints, no 
evidence of pre-crash defects, routine maintenance performed. 

Damage: Slight damage to right end of front bumper and grille, right 

front fender buckled, entire front end of vehicle displaced slightly to right. 
coc* 11 - FREW-l. 

Vehicle 2, car, 1969 Volkswagen 2-door sedan, red, 61,705 miles, no 
inspection sticker, no power accessories, padded dash and sunvisors; 3-point 
restraints, integral head restraints, no evidence of pre-crash defects, very 
low tire pressures, maintenance unknown. 

Damage: Right door and B-pillar pushed in 10 inches, B-pillar partially 
separated, right door glass shattered, left rear fender pushed in 12 inches, 

left end of rear bumper buckled. CDC 03-RPHW-3 (primary), 10-LBEW-3 (secondary). 

Vehicle 3, car, 1972 Datsun 240Z, 2-door coupe, orange, 10,732 miles, no 

inspection sticker, power brakes, padded dash and sunvisors, 3-point restraints 

with detachable torso restraints, integral head restraints, no evidence of 
pre-crash defects, routine maintenance performed. 

Damage: Slight damage to left front fender, cracked left headlight surround, 

broken left front shock absorber in strut-type suspension. No interior damage 
due t o occupant contact. Horn button fell off on impact. CDC 10-LFEE-l. 

Occupants 

Vehicle 1, driver, male, 52 years old, 67 inches, 180 lbs, married, has lived 
in area 20 years, occupation bearing inspector, high school diploma equivalent, 

hobby--reading; 33 years driving experience, no driver education, drives 15,000-

* Collision Deformation Classification, Society of Automotive Engineers, 
Technical Report J224a. 
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20,000 miles/yr, previously owned 1963 Chrysler, owned present Chrysler (case 
vehicle) 2 years, previous accident 2 months prior; trip plan--origin work 
(1 block from accident scene), destination home (9,8 miles), ETD 1600 hours, 

ETA 1625 hours, driven route for two weeks, wears glasses, no restraints utilized. 

Injuries: None 

Vehicle 2, driver, female 51 years old, 64 inches, 140 lbs; years driving 

experience unknown, average number of miles/year unknown; trip plan--possibly on 

her way to work from home, driver education unknown, physical and mental condition 
unknown, evidence restraint system was not in use. 

Injuries: Multiple contusions. Complaint of pain entire left side with 
weakness, high back pain, minimal tenderness of left shoulder and hip with 

collapsing weakness of left leg. AIS 1. 

Vehicle 3, driver, male, 25 years old, 71 inches, 170 lbs., occupation 
electronics technician; 8 years driving experience at estimated 30,000 miles per 

year, trip plan--work to automobile dealer service department, a total of l¼ 

miles (accident occurred one block from destination), owned vehicle since October 

1972 (4½ months), area familiarity unknown, no driver education (self taught), 

physical and mental condition good, lap restraint utilized. 

Injuries: None 

Standards 

HSPS 13. Traffic Control Devices. Signalization for the intersection has 
b~en studied in anticipation of greater traffic volume due to blocking off of a 

nearby street. 

MVSS No. 205. Glazing Materials. Side windows on lateral impacts tend to 

shatter, spraying glass into the occupant compartment. 

MVSS No. 214. Side Door Strength. Passenger compartment intrusion would have 

injured a right front pas senger of Vehicle 2. 

* MVSS No. 111 . Rearview Mirrors. Mirror broke away on contact eliminating 

head injury. 

* Positive factor 
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Description 

Pre-Crash 

Vehicle 1 was westbound on Portage and had stopped at the stop sign at El 

Camino Real. Vehicle 2 was northbound in Lane N3 of El Camino Real at a 
witness-estimated speed of 25 mph. Vehicle 3 was stopped in the southbound left 

turn lane. Driver 1 did not see Vehicle 2 as he proceeded to cross the 

northbound lanes of El Camino to turn left. 

Crash 

The right front corner of Vehicle 1 impacted Vehicle 2 just behind the right 

A-pillar and pushed the door in. As Vehicle 2 moved to Driver l's right, the B­
pillar and quarter panel were pushed in. Vehicle 2 rotated slightly clockwise (as 
viewed from above) and slid into Vehicle 3, which was stationary. Vehicle 2's 
left rear fender and rear bumper impacted the left front corner of Vehicle 3. 
Vehicle 3's left front fender was damaged slightly, but the left front wheel 
received most of the force damaging the left front suspension. 

Post-Crash 

Driver l parked his car parallel to the median and went for help. A nearby 

tire dealer called the police and an ambulance. Driver 2 was taken to the 
hospital by ambulance. Vehicles 2 and 3 were towed from the scene and Driver l 

drove away. Driver 3 left scene in private auto, Driver l was cited and fined 

for failure to yield right of way. 

Causal Factors, Conclusions and Recommendations 

Matrix Element Diagram 

The following diagram defines the numbering system used in the matrix element 
description, 

Human 
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Pre-Crash 
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Matrix Element l>Etscription 

Matrix Cell No. 
(* indicates positive factors) 

Accident Causation 

1 

7 

7 

Injury Causation 

2 

Explanation 

Primary or Principal Causes 

Driver 1 did not see Vehicle 2 approaching. 
(definite) 

Relevant Conditions 

Route usually taken by Driver 1 was blocked 
off. (definite) 

Heavy traffic on El Camino Real, especially 
southbound. (definite) 

Driver 2 was not wearing restraint system. 
(probable) 
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Identification 

Stanford Research Institute Multidisciplinary 
Accident Investigation Team Case SRI 2-022 

I CASE SUMMARY 

(Car/Car/Car - Sideswipe/Oblique Headon) 

This accident occurred on northbound Interstate 280 (milepost 19.10) approximately 
0.7 miles north of Page Mill Road off-ramp, unincorporated area of Santa Clara 
County, California, open roadway, rural area, February 26, 1973, 0820 hrs., Monday, 
3 cars - sideswipe/oblique headon, IP (injury producing) AIS* 3. Southbound 
Vehicle 1 hydroplaned, Driver 1 steered toward median, vehicle spun and headed 
towards northbound lanes, was hit in left rear by Vehicle 2, rotated, was hit in 
left front by Vehicle 3. Figure 1 is a plan view of the accident scene. 

Ambience 

Day, visibility poor due to heavy rain and wind spray across road, wet pavement. 

Highway 

Interstate 280 is a full freeway, 160' wide, eight lanes, planted dirt median 
changing from 32' to 27' wide in area of accident with 7' wide cement drainage 
gu"tter in one-third of median, total median (including shoulder) var::f_.es from 47' to 
40', no barrier, 6' paved shoulders adjacent to dirt median, asphaltic concrete 
surface, 9' paved shoulders on east edge and 10' shoulder on west edge of roadway, 
guardrail on west edge of southbound lanes, slight curve (3750' radius) grade 
approximately 4%, no accesses per 1/4 mile, no poles or trees. Accident history: 
29 accidents occurred in the 2.23 miles between interchanges to north and south 
of the accident site, 1969-71. Fifteen were hit object accidents. Thirteen of the 
29 were injury accidents. Average daily traffic is 30,000 vehicles both directions 
(1971); peak hour is 3000 vehicles both directions (1971). 

Traffic Controls 

Speed limit 65 mph, 12' lanes divided by Botts dots and retromarker reflectors, 
double yellow lines separating lanes from inner shoulders, solid white lines 
separating lanes from outer shoulders. 

* " I j S 1 " P d • f th States, J.P., The Abbreviated and Comprehensive n ury ca es, rocee ings o e 
Thirteenth Stapp Car Crash Conference, Society of Automotive Engineers, Inc. 
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Vehicles 

Vehicle 1, car, 1969 Dodge Dart, 4- door, brown,sedan, 32,238 miles on odometer, 
no inspection data, no power accessories, automatic transmission, padded dash and 
sunvisors , lap, upper torso, and head restraints, "heat vent" noted by occupants 
to have gas leak, right f ront t ire underinflation wear, left front and right rear 
heavy inside wear, no gas cap for fuel tank filler pipe, maintenance performed at 
25,557 miles (date unknown), damaged left front fender, left front wheel rim, 
suspension , steering shaft separated, tire cut, left rear fender adjacent to tail 
light, enc* 12-FYEW-4 (primary), CDC 11-LBMS-l (secondary). Second collision damage 
to wi ndshield at lef t front and center right positions, knee impressions in 
inst rument panel adjacent to glove box and ashtray. 

Vehicle 2, car, 1972 Pontiac LeMans Sport 400, 2-door, yellow, convertible, 
mileage approximately 9,000 miles, no inspection sticker, power steering and 
brakes, padded sunvisors and dash, lap restraints only, head restraints, no 
defects noted, lubrication, oil change, etc., on 12-20-72, two months prior to 
accident, at 5,447 miles. Damage to left rear outer panel, liner and outer wheel 
housing, floor extension, tail lamp and bumper. No second collision damage. 
CDC 10-LBMS-1 (estimated). 

Vehicle 3, car, 1972 Plymouth Custom Suburban, 5-door, burgundr/brown station 
wagon, 25,429 miles on odometer, CHP inspection sticker (expired December 31, 1972), 
power steering, brakeu, seat, tailgate window, padded sunvisors, instrument panel 
and arm rests, lap, upper torso and head restraints equipped, front tire irregular 
tread wear due to incorrect alignment, maintenance unknown, left front fender 
damage, left front wheel bent, steering gear separated, left front door buckled, 
second collision damage in left upper corner of windshield, CDC 12-FYEW-2. 

Occupants 

Driver 1, 22-year-old male, 76-1/2" , 160 lbs., occupat i on musician, 5 years 
driving experience at driver-estimated 1,000 (sic) miles per year, trip plan cousin's 
home in Boulder Creek to Los Angeles to deliver vehicle to friend approximately 
400 miles, had driven vehicle approximately 1100 miles on trip from Seattle, 
Washington, to Boulder Creek, California, on Thursday, Friday, and Saturaday 
prior to accident, had never driven road before, one quarter course in driver 
education in high school in fall 1967 at age 17 (included simulator use), physical 
and mental condition good (got up around 0700, packed, ate no breakfast), nearsighted 
corrected by glasses, restraints equipped but not used. 

Injuries: Right neck sore behind jaw, right shoulder sore, rig~t medial knee 
scraped, left lateral kn~e sore, swollen and abraded, left ankle and foot arch sprained, 
back of right hand bruised and sprained, unconscious approximately 1/2 minute. AIS 2. 

* Collision Deformation Classification, Society of Automotive Engineers, Technical 
Report J224a. 
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Right Front Passenger, Vehicle 1, 20-year-old female, 66-1/2", 120 lbs., 
restraints equipped but not used, perhaps sitting sideways facing toward driver 
with head resting against seat back, dozing occasionally. 

Injuries: Concussion with unconsciousness and post-traumatic amnesia, numerous 
facial lacerations on left side of face (left eye lid, cheek, forehead), soreness 
in front neck at ad am's apple region, hyperextention of neck with muscular strain, 
bruises both knees, small laceration back of right hand. AIS 3. 

Driver 2, 29-year-old female, 65-1/2", 110 lbs., occupation high school 
teacher and counselor, 14 years driving experience at 16,000-20,000 niles per 
year (100 miles a day commute to work), trip plan home to work,a distance of 50 
miles (accident occurred 14 miles from home), left home 0800, ETA 0900 hours, 
owned vehicle since September 1972 (five months), not regular route to work 
(however drives it about once a month), 90% freeway and daytime driving, learned 
to drive a t age 15-1/2 years in high school, both driver education and driver 
training, no physical or mental problems, was happy about going to meet friend 
before work, lap restraint used snugly. 

Injuries: none 

Driver 3, 41-year-old male, 73", 218 lbs., occupation electronics engineer, 
24 years driving experience with maximum 25,000 miles per year (1972), trip plan 
home to work,a distance of 14-1/4 miles (accident occurred approximately 5 miles 
from work), left home 0800 hours, expected time of arrival 0820 hours, owned 
vehicle since February 1972 (purchased new), used route almost daily, 80-90% 
driving on freeways, 80-90% driving in daytime, learned to drive from elder 
step-brother at age 17 years, cold and flu month prior to accident, penicillin 
type antibiotic medication, occasional high blood pressure (no medication), back 
problem, no mental problems morning of accident (morning was "routine"), lap 
restraint worn snugly. 

Injuries: Top of head sore, small hairline laceration left forehead, right 
shoulder, upper arm and neck stiff and sore day after accident, soreness in right 
middle back, left hip and knee stiff day after accident, bruise on left lateral 
and top knee. AIS 1. 

Standards 

The following standards are relevant to this case: 

HSPS 12. Highway Design, Construction and Maintenance. One section of the 
median is narrow enough with a large enough traffic volume to meet California 
warrants for a median barrier. None exists at this point. 
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HSPS 15. Police Traffic Services. The investigat ing officer incorrectly 
stated that Vehicle 1 was northbound in Lane N3 (police report Lane N2) when 
collision occurred. Actually Vehicle 1 had been southbound and crossed the median. 
This incorrect reporting will mean that the report will not be coded and entered 
into the accident records system as a crossing median type of accident. 

MVSS 208. Occupant Protection. Occupants in Vehicle 1 did not use equipped 
restraints. Driver 3 stated the seat belt buzzer system reminded him to use lap 
restraint when he got into his car the morning of the accident . His windshield 
impact was minor; the windshield impact of unbelted right front passenger in 
Vehicle 1 resulted in facial lacerations and unconsciousness from concussion. 

Description 

Pre-Crash 

Vehicle 1 stopped for gas approximately 25 miles from origin, a friend's home, 
and then continued six more miles to Interstate 280. Vehicle 1 headed southbound 
for Los Angeles, moving into Lane S2 and then into S4, the fast lane. Driver 1 
noticed the speedometer read 70 mph. It was raining very hard. Vehicle 1 had 
been in the fast lane approximately 30 seconds when it began to hydroplane and 
fishtail. Driver 1 relaxed his foot on the accelerator but did not brake. He 
decided to steer into the median in order to avoid heavy traffic to the right and 
to slow the vehicle. Vehicle 1 began to rotate counterclockwise (when viewed from 
above). Northbound Driver 2, traveling at 60 mph in Lane N4, saw Vehicle 1 coming 
across the median and accelerated, hoping to avoid it. 

Crash 

After having traversed the median Vehicle 1 was traveling at an estimated 45 mph 
when its left rear bum1ier hit Vehicle 2's left rear fender. Vehicle 1 continued to 
spin and moved further into Lane N4 where it was impacted by Vehicle 3, traveling at 
estimated 60 mph, left front to left front. Vehicle l came to rest partially in the 
median as shown in Figure l. Vehicle 2 stopped further down the road in the median and 
Vehicle 3 came to rest in L~ne N3. A fourth vehicle (red Volkswagen) may have impacted 
Vehicle 3 slightly in the rear. (Driver's name was not noted in police report.) 
Vehicle 1 received major damage to the left front with maximum sheet metal crush 
of 45 inches. Left front wheel and suspension were bent and steering shaft 
separated. Vehicle 2 1-eceived left rear fender and bumper damage. Vehicle 3 
received left front damage. The steering shaft broke at or near the pot joint. 

Unrestrained Vehicle 1 occupants impacted the windshield and were both 
knocked unconscious. Right front passenger received left side facial lacerations. 
Both impacted their knees on the dashboard. Driver 2 was not injured. Restrained 
Driver 3 impacted his head in the upper left corner of the windshield and received 
minor lacerations from left door window flying glass. His left knee was bruised. 
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SRI 2-022 

Post-Crash 

Driver 2 exited and ran back to the accident site. Driver 3 stopped his car 
in Lane N3 and remained inside for awhile and then exited from the right door. 
Driver 1 remained inside his vehicle with the right front passenger until the 
ambulance arr ived. The right front passenger was treated for shock, bandaged and 
then t aken to emergency. Vehicle 3 was removed from Lane N3 by a maintenance 
truck with a chain, clearing all lanes. Driver 2 talked with police and then 
continued to work. Driver 3 left with the tow driver. Vehicles 1 and 3 were 
t owed from the scene. 

Causal Factors and Recommendations 

Matrix Element Diagram 

The following diagram defines the numbering system used in the matrix element 
description. 
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Matrix Element Description 

Matrix Cell No. 
(* indicates positive factor) 

Accident Causation 

4 

l 

7 

Explanation 

Primary or Principal Cause 

Vehicle 1 hydroplaned and "fishtailed." (probable) 

Driver 1 decided to go into median to slow 
vehicle. (definite) 

Severity Increasing Factor 

Lack of median barrier allowed Vehicle 1 to cross 
into opposing lanes. (definite) 
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Matrix Element Description (Continued) 

Matrix Cell No. 
' (* indicates positive factor) 

1 

4 

7 

Injury Causation 

2 

*4 

Post-Crash Factors 

. *9 

Recommendations 

7 

Explanation 

Relevant Conditions 

Driver 1 was driving at 70 mph. (probable) 

Vehicle 1 right front tire had underinflation 
wear and left front and right rear had inside 
wear; RF inflation 18 psi; rear inflation 24 
and 25 (post-crash measurements). (definite) 

Heavy rain made road surface very wet. (definite) 

Vehicle 1 occupants were not wearing restraints 
allowing impact of windshield and concussions. 
(definite) 

Vehicle 3 seat belt buzzer system reminded 
Driver 3 to use his lap restraint; his injuries 
were minor. (definite) 

Maintenance truck removed Vehicle 3 from traffic 
lanes with chain prior to arrival of tow truck. 
(definite) 

Accident site should be considered for addition 
of median barrier (meets state volume and width 
warrants in one section) 
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Identification 

Stanford Research Institute Multidisciplinary 
Accident Investigation Team SRI 2-023 

I CASE SUMMARY 

(Car/ Sign/Guywire/Post-Crash Fire) 

This accident occurred on Ravenswood Avenue 150' west of Middlefield Road, 
Menlo Park, California, open roadway, residential area, February 25, 1973, 2107 
hrs., Sunday, 1 car--hit object/fire, Fatal AIS* 9. Figure 1 is a plan view of 

the accident scene. 

Ambience 

Night, estimated temperature 53°F, estimated 68% humidity, dry pavement. 

Highway 

Ravenswood Avenue is a minor arterial, approximately 45' wide, two lanes 
changing to three lanes before intersection with Middlefield, asphaltic concrete 

surface, concave cement gutter both sides of street, curbs near driveways only, 

straight, luminaires near intersection, 37 poles and trees, 18 ·driveways, 1 road 
in last l / 4Jni.Three accidents near location from 1969 through portion of 1973. 

Traffic Controls 

Speed limit 25 mph, lanes divided by broken yellow lines and solid double yellow 
lines (near intersection), word ONLY with right turn arrow painted in right lane near 

intersection, NO PARKING signs approximately 3-3/4' from pavement edge, LIMITED 
TRUCK ROUTE sign adjacent to power pole support. 

Vehicle 

Vehicle 1, car, 1971 Plymouth Fury III, 2-door, black vinyl over white, hardtop, 

odometer reading (fire destroyed) but estimated as 8360 miles from maintenance 

sticker, no inspection sticker noted, power brakes and steering, padded dash and 

sunvisors, lap and upper torso restraints, no defects noted, routine maintenance on 

January 3, 1973 at 7,385 miles. 

* States, J.P., "The Abbreviated and Comprehensive Injury Scales," Proceedings of 

the Thirteenth Stapp Car Crash Conference, Society of Automotive Engineers, Inc. 
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Damage: Front pushed in 12" on right side from impact with 

front distorted. Interior fire damaged, exterior paint burned. 
"' interior damaged noted. CDC 12-FREN-l (primary), CDC 12-UBXN-l 

Occupants 

pole, entire 

No second collision 
(secondary). 

Driver 1 , 71-year-old female, 64", 150 lbs., probably housewife , years driving 

experience unknown, trip plan probably taking rear passenger home after dinner, 
vehicle probably owned and driven for 16-1/2 months and 8360 miles, familiarity 

unknown but lived in area 8 years, physical and mental condition unknown but no 

evi dence of immediate pre-accident failure, blood alcohol 0.19 gm%. Restraint 

not used. 

Injuries: external injuries unknown due to burns; cause of death pulmonary 
congestion and edema from carbon monoxide poisoning with 46% blood saturation due 
to smoke inhalation. Contributing conditions included acute alcoholism, and extensive 

burns on the bod y. Cerebral edema also present. AIS 9. 

Vehicle, right front passenger, 81-year-old male, 70", 200 lbs., restraints not 

used. 

Injuries: death due to generalized fourth degree thermal burns with flame and 
smoke inhalation and 37% carbon monoxide saturation, pulmonary congestion and 

edema. AIS 9. 

Vehicle 1, left rear passenger, 76-year-old female, 62", 130 lbs., restraints 
no t u sed. Blood alcohol 0.14 gms %. 

Injuries: death due to carbon monoxide poisoning with 50% blood saturation 

from smoke inhalation; extensive burns over 60% of body. AIS 9. 

Standards 

The following standard was specifically relevant to this case: 

MVSS 301. Fuel Tanks, Fuel Tank Filler Pipes, and Fuel Tank Connections-­
Passenger Car (Effective 1-1-68). Fuel tank was apparently punctured by steel 
sign after car knocked down pole. Leaking fuel was ignited. 

Description 

Pre - Crash 

Vehicle 1 was eastbound on Ravenswood Avenue at unknown speed, probably 
30 mph or less. Driver 1 allowed Vehicle 1 to drift right and impact the curb. 

The vehicle continued traveling with the right side wheels on the sidewalk. A 
witness reported seeing "backfiring and sparking from the back end" of the car. 

* Collision Deformation Classification, Society of Automotive Engineers Technical 
Report J224a . 
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Crash 

Vehicle 1 impacted a no parking sign mounted on a small steel pole. The pole 
was knocked down and the car drove over the sign. The edge of the sign cut a large 

hole in the fuel tank, and the leaking fuel was ignited. The same witness reported 
very profuse sparking, and said it looked "like a flamethrower." Vehicle 1 continued 

ahead and ran into a guywire supporting a utility pole. The guywire lifted the 
front end of the car up and tilted it to the left. The witness passed as Vehicle 1 

hit the guywire. She continued further on to avoid the pole in case it fell. 

Post-Crash 

The witness stopped, ran back to the car and attempted to speak with the driver. 

She said a man was conscious and when she asked if he could get out he said he 

couldn't. The back and lower parts of the car were in flames. A neighbor called 

the police. The witness attempted to find tools to cut the vehicle top. (She thought 

it was a convertible.) When she returned the top and remainder of the car were on 

fire. Firemen arrived and put out the fire. The occupants were dead from pulmonary 
congestion, carbon monoxide poisoning and burns. The vehicle was towed froffl the scene 
for remova~ vi the bodies. A cutting torch was necessary to open the passenger door; 
a tow truck hooked up to the driver's door and pulled it open. 

Causal Factors and Recommendations 

Matrix Element Diagram 

The following diagram defines the numbering system used in the matrix element 

description. 
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Matrix Element Description 

Matrix Cell No. 
(* indicates positive factors) 

Accident Causation 

1 

8 

5 

1 

Injury Causation 

2 

Post-Crash Factors 

*3 

3 

Recommendation 

8 

SRI 2-033 

Explanation 

Primary or Principal Cause 

Driver 1 lost control of vehicle (definite) 

Severity Increasing Factors 

"No Parking" sign punctured vehicle fuel tank 
allowing fuel to escape (probable) 

Unknown ignition source caused fuel fire (definite) 

Relevant Condition 

Driver 1 was intoxicatedwith blood alcohol 0.19 gms % 
(definite) 

Death was due to smoke inhalation and CO 

poisoning from the fire; occupants were also 

extensively burned (definite) 

A witness attempted to help the occupants but 

was unable to do so (definite) 

Vehicle occupants did not get out of vehicle, 
perhaps because of alcohol intoxication, physical 

age and/or because they were stunned from impacting 

poles, and guy wire (possible) 

Traffic control signs should be evaluated for 

ability to puncture fuel tanks and for 
probability of this occurrence 
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Identification 

Stanford Research Institute Multidisciplinary 
Accident Investigation Team Case SRI 2-024 

I CASE SUMMARY 

(Car/Parked Truck--Rearend) 

This accident occurred on Bohannon Drive in Menlo Park, California, open 
roadway, industrial area, February 26, 1973, 1625 hrs, Monday, car into parked 
truck, IP (injury producing) AIS* 1. Figure l is a plan view of the accident. 

Ambience 

Day, light rain, calm, visibility 5-6 miles, road wet, estimated coefficient 
of friction 0.4-0.5. 

Highway 

Bohannon Drive is a local road, 27 ft wide, 2 lanes, no divider, asphaltic 
concrete pavement. At the POI there is a shallow cement gutter on the north side 
of the street and a gravel shoulder on the south side. Bohannon curves to the 
left for eastbound traffic just before the POI. Grade and superelevation are 
negligible, and crown is approximately 2 inches. Vehicle l turned onto Bohannon 
300 ft from the POI. In that distance there are 8 poles and 7 driveways (both 
sides of the street). 

From 1969 to 1972 there were 3 accidents near the case accident; 1 was in a 
parking lot and the other 2 were .at intersections respectively 300 ft west and 
1000 ft east of the case accident site. 

Traffic Controls 

Speed limit (not posted) 25 mph, no pavement markings, no signs. There is 
a traffic signal at the intersection of Bohannon and Marsh Road, 300 ft from the 
POI. 

* " " States, J.P., The Abbreviated and Comprehensive Injury Scales, Proceedings of the 
Thirteenth Stapp Car Crash Conference, Society of Automotive Engineers, Inc. 
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Vehicles 

Vehicle 1, car, 1972 Datsun 1200, 2-door coupe, white vinyl over green, 
13,138 miles, no inspection data, no power accessories, padded dash and sunvisors, 
3-point restraints, head restraints, left front tire pressure low, left torso 
restraint anchor bolt loose leading to failure (see below), warranty maintenance 
performed in Nov. 1972 (3 months prior to accident) according to owner. 

Damage: Damage to front end, heaviest on rigtt side, 17 inches maximum crush, 
right front f ender and hood buckled, wheelbase 2 inches shorter on right side, 
right roof s ide rail buckled slightly. Steering wheel rim bent, left upper torso 
rest raint anchor bolt pulled out of roof structure, turn signal lever broken off, 
sunvisor bent. coc* 12-FDEW-2 

Vehicle 2, truck, 1965 InternationalTravelall 1000, 4 doors, white over 
green, 86,618 miles, no inspection sticker, power steering and power brakes, no 
padded components, no restraints, no evidence of pre-crash defects, maintenance 
unknown, damage to rear bumper, tailpipe and lower left D-pillar area. 
CDC 06-BLEE-2 

Occupants 

Driver 1, 22-year-old male, 66", 160 lbs., graduate student and teaching 
assistant, driving experience approximately 10 years at driver estimated 15,000 
to 20,000 miles per year, trip plan Santa Clara University to errands to Bohannon 
to pick up roommate (to take roommate to Burlingame, nearby town), departed 1430 hours, 
expected time to pick up roommate 1600 hours, total trip University to Bohannon 17-1/ 4 
miles, accident occurred about one block from destination, vehicle belongs to 
roommate, Driver 1 drives it and another Datsun 1200 occasionally (does not own a 
vehicle) , drives on accident route approximately once per month, other driving 
75% freeway (with half of that at night), learned to drive in Nevada from mother 
at age 12, first California license at age 17, has attended 6 weeks traffic 
school due to violations, physical and mental condition good, lap and upper torso 
restraint used, head restraint adjusted for head height. 

Injuries: Bleeding abrasion upper left forehead, laceration right knee. 
AIS 1. 

Owner 2, 49-year-old male, was not in the parked vehicle at the time of the 
collision. Owner 2 parks in that location every Monday and Thursday at about 
the same time to visit the post office. 

* 

Injuries: none 

Collision Deformation Classification, Society of Automotive Engineers, Technical 
Report J224a 
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The following Motor Vehicle Safety Standard was relevant to this case: 

MVSS No. 209, Seat Belt Assemblies. Upper torso restraint anchorage failed 
because bolt loosened. 

Description 

Pre-Crash 

After having stopped for a red light at Marsh Road and Bohannon Drive, 
300' from the accident site, Vehicle 1 made a left turn from southbound Marsh 
onto Bohannon. Driver 1 accelerated and shifted to fourth gear, but shifted 
back to third on approaching a 150 ft radius left curve. Driver 1 estimated his 
speed at 30 mph. The road was wet from a light rain and the calculated critical 
cornering speed was 32 mph. Vehicle 1 did not follow the curve. Driver 1 turned 
the wheel more following a smaller radius turn. He applied the brakes reducing 
the cornering ability of the car and causing it to go straight. 

Crash 

The right front fender of Vehicle 1 impacted the left rear corner of Vehicle 2, 
which was parked at the side of the road. SCAT estimates that the speed of impact 
was approximately 15 mph. Driver 1 was wearing lap and torso restraints, but 
the torso restraint anchor bolt had loosened, leaving only 3 threads engaged. 
These stripped and allowed Driver l's forehead to impact the sunvisor. His right 
knee impacted the ignition switch. 

Post-Crash 

Driver 1 exited from his car. He contacted his roommate, whom he was 
intending to pick up, to advise him of the accident. When the police arrived 
he was given a bandage for his knee laceration. A tow truck responded to the 
scene, and the tow driver cleared the scene of most debris. Vehicle 1 was towed 
from the scene, and Vehicle 2 was driven away. 
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Causal Factors and Recommendations 

Matrix Element Diagram 

The following diagram defines the numbering system used in the matrix element 
description. 

Human 

Vehicle 

Environmental 

Pre-Crash 

1 

4 

7 

Accident 
Avoidance 

Crash Post-Crash 

2 3 

5 6 

8 9 

Injury Restorat ion 
Prevention and Cleanup 

Matrix Element DeRcription 

Matrix Cell No. 
(* indicates positive factor) 

Accident Causation 

1 

7 

1 

7 

4 

Injury Causation 

5 

Explanation 

Primary or Principal Cause 

Driver 1 was driving too fast for wet road 
surface and curve. (probable) 

Severity Increasing Factor 

Vehicle 2 was parked on shoulder. (definite) 

Relevant Conditions or Modifying Factors 

Vehicle l exceeded critical cornering speed 
for wet roadway. (probable) 

Road surface was wet. (definite) 

Low left front tire pressure reduced cornering 
capability of vehicle. (possible) 

Upper torso restraint anchor bolt had loosened, 
leaving only three threads engaged; these failed 
upon impact, detaching restraint and allowing 
Driver l to impact sunvisor, (definite) 
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Recommendations 

4 

1 

SRI 2-024 

Restraint anchor bolts should be installed with 
lock washers or other devices to prevent 
loosening. 

Drivers should have opportunity to drive 
vehicles on wet skid pads to become familiar 
with their behavior. 
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Identification 

Stanford Research Institute Multidisciplinary 
Accident Investigation Team Case SRI 2-025 

I CASE SUMMARY 

(Car/Car--Lateral) 

This accident occurred at the intersection of Foothi l l Expressway and San 
Antonio Road, Los Altos, California, urban, March 1 , 1973, 1050 hours, Thursday. 
2 cars--lateral, IP (injury producing) AIS* 5. Figure 1 is a pl an view of the 
accident scene. 

Ambience 

Day, 73°F , 55% relative humidity, visibility good, clear, wi nd SW at 3 mph, 
dry pavement. 

Highway 

Foothill Expressway, 77 ft wide, 4 lanes, median 17 ft wide with curbs, 
asphaltic concrete pavement, 8 ft paved shoulder adjacent to eastbound lanes, 
8" high Portland cement concrete curbs both sides of road, straight, level, 
negligible crown, no accesses and 6 poles/trees in last 1/ 4 mile traveled by 

· vehicle 1. 

San Antonio Road is a major arterial road which makes a "y" intersection with 
Foothill Expressway (see Figure 1), 71 ft wide, 4 lanes plus 1 left turn lane, 
median 4 ft wide with curbs, asphaltic concrete pavement, 8 inch curbs on both 
sides, straight, level, negligible crown, 2 roads, 11 driveways and 15 poles/ trees 
in last 1/4 mile traveled by Vehicle 2. 

Number of accidents at intersection: 1969, 5(3 injury accidents); 1970 , 
4(4); 1971, 4(3); 1972, 5(3); total, 18(13). 

* " States, J.P., The Abbreviated and Comprehensive Injury Scales," Proceedings of 
the Thirteenth Stapp Car Crash Conference, Society of Automotive Engineers, Inc. 
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Traffic Controls 

Speed limit, Foothill Expressway 45 mph, San Antonio Road 35 mph, through 
traffic lanes separated by broken white lines, left and right turn lanes 
delineated by solid white lines, solid white limit lines, solid white line 
delineating paved shoulder, arrows on pavement indicating traffic direction, one 
way signs for each direction of Foothill Expressway. 

The intersection has fully traffic actuated signals with the following 
cycles: on Foothill Expressway, minimum green 12 seconds, 6 second i nterval, 
maximum green 45 seconds, 4.3 second yellow; on San Antonio Road, minimu~ green 
6 seconds, 5 second interval, maximum green 32 seconds, 3.5 second interval . 
Green returns to Foothill Expressway (recall on). 

Vehicles 

Vehicle 1, car, 1972 Chevrolet Nova 350, 2 door sedan, green, 5344 miles, 
no inspection sticker, power steering and power brakes, padded dash and sunvisors, 
3-point restraints with detachable upper torso restraints, adjustable head 
restraints, no evidence of pre-crash defects, routine mainteance performed 6 weeks 
prior to accident. 

Damage: Grille and front bumper pushed back, hood and left fror..t fender 
buckled, radiator punctured, no interior damage due to occupant contact. 
enc* 12-FDEW-2. 

Vehicle 2, car, 1973 Oldsmobile Omega, 2-door sedan, burgundy, 1618 miles, no 
inspection sticker, power steering and power brakes, padded dash and sunvisors, 
3-point restraints with detachable upper torso restraints, adjustable head 
restraints, no evidence of pre-crash defects. 

Damage: Left side of car pushed in from front axle to rear axle. Maximum 
penetration 17 inches. Left door glass shattered, windshield cracked. Front 
seat pushed to right, and dashboard buckled. Left side tires cut by fender sheet 
metal. CDC 10-LDAW-3, 

Occupants 

Vehicle l, driver, female, 51 years old, 65", 138 lbs., married, 12th grade 
education, sales clerk in department store, hobbies--bridge and reading, trip 
plan: origin - home, destination - work, ETA 1055 hours, trip distance 15 miles, . 
accident occurred 6½ miles from origin, has driven 4 years at an average of 8,300 
miles/year, driven route daily for one year, has driven case vehicle 7 months and 

* Collision Deformation Classification, Society of Automotive E~gineers, Technical 
Report J224a. 
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5,000 miles, no driver education, most of driving is done during daytimes on an 
expressway, no other accidents, one traffic violation, wears glasses. Lap restraint 
worn tightly. 

Injuries: Multiple facial contusions with laceration of vein on left near 
eyebrow; contusions and soreness inside left upper arm, left breast area, lower 
right arm, and outer area of right thigh; abrasion left knee. AIS 3. 

Vehicle 2, driver, male, 49 years old, 72 in., 175 lbs., vice president of 
finance and life insurance co., married, no childre·n, hobby--sports: scouting and 
recruiting, 17 years driving experience, drives 25,000 miles/year, commercial driver 
education course 1956, trip plan: origin--San Francisco Airport, ETD 1010 hours, 
destination Los Altos on business, no ETA, accident occurred 28 miles from origin 
about 3½ miles from destination, vehicle was rented, driven Vehicle 2 a total of 
28 miles, number of miles driven that type of vehicle 128 miles, driven route 
twice before, lap restraint worn tightly, ingested 2 Aprosolines for hypertension 
2½ hours before accident, wears glasses. 

Injuries: Cerebral concussion; multiple left fractured ribs; renal contusion; 
hemothorax; lacerations: ¼" left wrist, ½" right wrist, over right t::1ye; abrasions 
on both hands and wrists, small multiple abrasions over body; contusions: left lateral 
thorax, left abdomen. AIS 5. 

Standards 

The following Motor Vehicle Safety Standards were relevant to this case 
(* indicates positive factor): 

MVSS No. 214--Side Door Strength. Vehicle 2 had side door strengthening. It is no1 
known for certain if this prevented him from being fatally injured. Driver 2 was 
injured by intrusion of the door. 

MVSS No. 205--Glazing Materials. This standard was met, however lacerations 
of both wrists resulted from spraying glass. 

MVSS No. 208*--0ccupant Crash Protection. Both drivers were wearing lap 
restraints. 

Description 

Pre-Crash 

Vehicle 1 was westbound on Foothill Expressway in Lane W2. Driver 1 had 
previously stopped for a traffic light and was driving slowly (abou t 25 mph) as 
she approached San Antonio Road. When the signal at San Antonio changed to groen, 

she accelerated. Vehicle 2 was southbound on San Antonio Road at a driver-estimated 
speed of 40 mph. As Vehicle 2 slowed for the intersection the light turned yellow 
and then red. Vehicle 1 entered the intersection. Neither driver tried any 

evasive action. 
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Crash 

Vehicle 1 impacted Vehicle 2 in the left side just behind the left front 
wheel. Vehicle 2 continued to move relative to Vehicle l so that the left door 
and quarter panel of Vehicle 2 were also pushed in. Vehicle 2 rotated to the 
left from the impact, and Driver 2 continued to turn left, making a complete 
U-turn. Driver 2 brought his car to rest facing north in Lane S2 of San Antonio 
Road. Vehicle l was deflected to the left by the impact and was brought to rest 
across Lane El of Foothill Expressway. 

Post-Crash 

A passerby placed flares in Lane El and advised Driver 1 to stay seated in 
her car. Police arrived on scene, and a physician who was driving by stopped 
and rendered assistance. An ambulance responded to the scene, and Driver 2 was 
helped out of his car by the ambulance attendants under physician's directions. 
Driver 2 received first aid and was helped to the ambulance. Both drivers left 
the scene in the ambulance. Two tow trucks responded to the scene and removed 
the vehicles. The tow drivers did not completely clear the scene of debris. The 
reporting officer recommended a citation for eve 21453a, disregarding signal, 
be issued to Driver 2 but the District Attorney refused due to insufficient 
evidence. 

Causal Factors, Conclusions and Recommendations 

Matrix Element Diagram 

The following diagram defines the numbering system used in the matrix element 
description. 

Human 

Vehicle 

Environmental 

Pre-Crash 

l 

4 

7 

Accident 
Avoidance 
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Matrix Element Description 

Matrix Cell No. 
(* indicates positive factor) 

Accident Causation 

1 

*3 

*3 

1 

Injury Causation 

*2 

2 

5 

5 

Explanation 

Primary or Principal Causes 

Driver 2 proceeded through the intersection 
after the traffic light had turned red. 
(probable) 

Severity Increasing Factor 

Driver 2 steered his car to the side of the road 
after impact eliminating some traffic problems 
that could have developed. (definite} 

Witness set emergency brake in Vehicle 2 
preventing further movement. (definite) 

Relevant Conditions 

Driver 2 was unfamiliar with the route and 
intersection. (definite) 

Driver 2 was not wearing upper torso restraint, 
possibly reducing injuries to his left side. 
(possible) 

Driver 1 was wearing lap restraint keeping her 
in the seat but was not wearing upper torso 
restraint which would have prevented facial and 
chest injuries. (definite) 

Vehicle l's intrusion into Vehicle 2 caused 
major injuries to Driver 2. 

Glass from the left side window of Vehicle 2 
shattered and sprayed over Driver 2 causing 
multiple abrasions. (definite) 
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Matrix Element Description (Continued) 

Post-Crash Factors 

*3 

9 

Recommendations 

1 

Explanation 

Medical doctor was on scene to render first-aid 
and help in the removal of Driver 2. 

Glass was left on scene because of inadequate 
broom. (definite) 

Driver education programs should emphasize that 
risk-taking behavior increases markedly when 
drivers are in a hurry, "behind schedule ," under 
time pressure of any sort, and that accident 
probabilities increase in a corresponding way. 
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Ident ification 

Stanford Research Institut e Multidisciplinary 
Accident Investigation Team Case SRI 2-026 

I CASE SUMMARY 

(Car/Car--Sideswipe) 

This accident occurred on Alexis Drive in the 2900 block, approximately 
1/10 mi le west of the intersection with Page Mill Road, Palo Alto, California, 
open roadway, residential area, March 3, 1973, 1400 hrs, Saturday, 2 cars - -s i deswipe , 

* IP (injury producing) AIS 1. Vehicle 1 lost traction on a curve and impacted 
Vehicle 2, l ef t f ront to left side. Figure 1 is a plan view of the accident scene. 

Ambience 

Day, 55°F, raini ng, wet pavement, wet coefficient of friction estimated at 0.5. 

Highway 

Alexis Dr ive is a residential local road, approximately 30' wide, 2 lanes, 
asphalt, 6" wide and high concrete curb, 3' concrete gutter on each side, 151' 
radius, right hand westbound curve with grade varying from 15% to 5-1/2%, negligible 
crown, negligible superelevation (not banked), 1 road, 2 driveways and 8 poles 
and tree s on the north side of street, and 5 poles.and trees on the south side of 
street for westbound Vehi cle l ; 5 driveways and 13 poles and trees on the sout h 
side, and 5 driveways and 14 poles and trees on the north side of street of e a s t­
bound Vehic le 2 . The accident history of the area showed three accident s, one 
each in 1970 , 1971 and 1972. Each involved southbound vehicle going downhill 
running off the road to t he right. Two had minor injuries, the third none. 

Traffic Controls 

Speed limi t posted at 25 mph, lanes delineated by broken yellow line on Los 
Altos Hills area of road, and by solid white line to just beyond point of impact 
(POI) on Palo Al to portion of road. 

* States, J .P., "The Abbreviated and Comprehensive Injury Scales," Proceedings of 
the Thirteenth Stapp Car Crash Conference, Society of Automotive Engineers, Inc. 
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Vehicles 

Vehicle 1, car, 1971 Toyota Corolla, 2-door brown vinyl over gray coupe, 
29,330 miles on odometer, no inspection sticker, no power accessories, padded 
sunvisors and dashboard, lap and upper torso restraints, integral head restraints, 
handling problems on turns (especially right turns) noted by Driver 1, no 
maintenance sticker. 

Damage: Left front fender crumpled, left headlight broken, front bumper bent, 
left tie rod broken, left front suspension members bent, wheelbase 4 inches shorter 

* on left side. CDC 11-FLES-l (primary). 

Vehicle 2, car, 1966 Ford Mustang, 2-door, green hardtop, 37,770 miles on 
odometer (vehicle used for around town driving only), no inspection sticker, power 
s t eering , padded dash, lap restraints, fluid leakage around left rear and right 
front brake backing plates, driver noted lubrication and brakes relined within 
3- 4 mont hs before the accident. 

Damage: Sideswipe damage to left door, quarter panel and rear fender, left 
rear wheel bent, axle pushed back, wheelbase 4 inches longer on left side. 
CDC 11-LZES-l (primary). 

Occupants 

Driver 1, 19-year-old male, 74-1/2", 145 lbs, occupation U.S. Navy enlisted, 
three years legal driving experience (seven years total driving experience) now 
averaging more than 20,000 miles per year, trip plan horne of right rear passenger 
to home of another friend for social visit, total of about 4-1/2 miles (accident 
occurred 1/4 mile from destination), drives vehicle occasionally (it belongs to 

"his sister) and has many complaints about its handling (usually drives parents 
1969 Ford LTD or his own 250 Suzuki motorcycle), drives road occasionally to 
visit friends (has complaints about the curve), high school driver education (one 
semester at age 15-1/2), no simulator use, no physical problems other than rash 
on feet ("stress fatigue" from standing}, no fatigue (slept until 0900), possible 
marijuana use (when looking at list of pharmacological agents said "yeah, every 
time" for marijuana but when asked if it had just been smoked, answered "no, 
but about to") , lap restraint worn snugly. 

Injuries: none 

Right front passenger, Vehicle 1, male, height over 72", weight unknown, 
other information unknown. 

* 

Injuries: none 

Collision Deformation Classification, Society of Automotive Engineers, Technical 
Report J224a. 
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Right rear passenger, Vehicle 1, 19-year-old male, height and weight estimated 
at 74" and 170 lbs, other infonnation unknown. 

Injuries: none 

Driver 2, 63-year-old male, 70", 150 lbs, occupation management in oil business, 
50 years driving experience, averaging 10,000 miles per year, trip plan golf game 
to home, tot~1 of 3-1/2 miles (accident occurred 3/4 mile fro~ country club), 
owned vehicle since 1968, drives road about 1-1/2 times per week to country club, 
learned to drive from family, no physical problems, mildly disappointed that golf 
game had to be cut short due to rain, lap restraint worn snugly. 

Injuries: bump on left 
right upper ann, slight pain 
right chest under right arm. 

Standards 

side of 
in left 
AIS 1. 

head between forehead and ear, bruise underneath 
and right knees; pain developed next day in 

HSPS 4 was relevant to this case. It is suggested that advanced driving 
emergency situation programs be considered for inclusion in high school driver 
education and training. 

Description 

Pre-Crash 

Driver 1 was en route with friends from the home of one friend to the home of 
another. Vehicle 1 entered Alexis Drive, shifted from second to third, and began 
ascending the 15% grade northbound at driver estimated 35 mph. As the car came over 
the· crown of the hill it lost traction on wet pavement (critical cornering speed 
31 mph on wet pavement) and went into the southbound lane. Driver 2 had left the 
country club en route home. As he approached the curve southbound at 25 mph he 
saw Vehicle 1 coming towards him with the left wheels on the center line. 
Driver 2 steered toward the right and thought Vehicle 1 might miss him. Driver 1 
applied the brakes, saw Vehicle 2, wanted to swerve to avoid but could not. 

Crash 

Vehicle 1 impacted Vehicle 2 in the left side. Vehicle 2 skidded sideways, 
impacted the curb with the right wheels, then continued skidding before stopping 
approximately 130' from the point of impact. (Driver 2 thinks he used the brake.) 
Vehicle 1 rotated about 45° counterclockwise coming to a stop approximately across 
the southbound lane. At impact, the occupants of Vehicle 1 hit their heads on 
the roof interior. Driver 2 hit the left side of his head on the window glass, 
his left knee on the door or lower dash, and his right knee on the steering 
column or lower dash. 
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Post-Crash 

Driver 2 was dazed. Driver 1 exited. Driver 2's left door was jammed so he 
exited through the right door. Police were called and arrived shortly along with 
an ambulance. Driver 2 was taken to the hospital for examination. Vehicle 2 was 
towed from the scene. Driver 1 elected to leave his car at the scene and arrange 
for a tow later. Driver 1 and his friends were picked up by friends and continued 
to their destination. 

Driver 1 was cited for violation of California Vehicle Code 21650, failure to 
drive in right half of roadway. He forfeited bail of $14 on 3-31-73. 

Causal Factors and Recommendations 

Matrix Element Diagram 

The following diagram defines the numbering system used in the matrix element 
description. 

Human 

Vehicle 

Environmental 

Matrix Element Description 

Matrix Cell No. 
(* indicates positive factor) 

Accident Causation 

1 

*l 

Pre-Crash 

1 

4 

7 

Accident 
Avoidance 

Crash 

2 

5 

8 

Injury 
Prevention 

Explanation 

Primary or Principal Cause 

Post-Crash 

3 

6 

9 

Restoration 
and Cleanup 

Excessive speed in curve. (probable) 

Severity Increasing Factor 

Driver 2 took evasive action, so that 
collision was sideswipe instead of head on. 
(definite) 
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Matrix Cell No. 
(* indicates positive factor) 

7 

Post-Crash Factor 

3 

Recommendations 

1 

SRI 2-026 

Explanation 

Relevant Condition 

Pavement was wet from recent showers. (definite) 

Occupants of Vehicle 1 pushed their car to 
the side of the road. (definite) 

Drivers should be educated in vehicle handling 
with relationship to locking wheels and 
controlling vehicle in skids. 
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Identification 

Stanford Research Institute Multidisciplinary 
Accident Investigation Team Case SRI 2-027 

I CASE SUMMARY 

(Car/Car--Lateral with Rollover) 

This accident occurred at the intersection of Old Middlefield Road and 
Rengstorff Avenue in Mt. View, California, intersection, March 9, 1973, Friday, 
0735 hours. Vehicle 2 attempted to turn left in front of Vehicle 1 traveling 
in the opposite direction. Collision was followed by rollover, IP (injury 
producing) AIS* 2. Figure 1 is a plan view of the accident scene. 

Ambience 

Day, 48°F, 87% relative humidity, clear, dry pavement. 

Highway 

Old Middlefield Road, major arterial, 70 ft, wide, 4 lanes, no divider, 
asphaltic concrete pavement, 8 inch Portland Cement concrete curbs, straight, 
level, slight crown, 1 road, 32 driveways and 21 poles/trees east of POI, 
33 driveways and 23 poles/trees west of POI (both sides of street). 

Rengstorff Avenue, major arterial, 70 ft. wide, 4 lanes, no divider, asphaltic 
concrete pavement, 8 inch Portland Cement concrete curbs, straight, level, slight 
crown. 

Accident history of intersection: 1969, 12 (3 injury producing); 1970, 
12(2IP); 1971, 14(6IP); 1972, 22(11IP); total 60 accidents 1969-72. 

Traffic Controls 

Posted speed limit on Old Middlefield 40 mph, opposing lanes separated by 
solid double yellow lines, adjacent traffic lanes separated by broken white 
lines, pedestrian crosswalks delinated by solid white lines, no signs at intersection. 

* States, J.P., "The Abbreviated and Comprehensive Injury Scales," Proceedings of 
the Thirteenth Stapp Car Crash Conference, Society of Automotive Engineers, Inc. 
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Signal cycle lengths: Old Middlefield, initial green 10 seconds, vehicle interval 
6 seconds, maximum green 32 seconds, yellow 4 seconds; North Rengstorff, initial 
green 5 seconds, vehicle interval 4 seconds, maximum green 28 seconds, yellow 3.5 
seconds. Recall on for Old Middlefield. 

Vehicles 

Vehicle 1, car, 1972 Cadillac Eldorado 2-door sedan, beige, 16,664 miles, no 
inspection sticker, power steering and power brakes, padded dash and sunvisors, 
3-point restraints with detachable upper torso belts, adjustable head restraints, 
no evidence of pre-crash defects, routine maintenance performed 3 weeks before 
accident. 

Damage: Front bumper, grille and hood damaged, right front fender buckled, 
bumper guard bent. Radiator leaking. No interior damage. coc* 11-FDEW-l. 

Vehicle 2, car, 1972 Toyota Corolla 1600 Deluxe 2-door station wagon, yellow, 
619 miles, no inspection sticker, power brakes, padded dash and sunvisors, 
3-point restraints with detachable upper torso belts, integral head restraints, no 
evidence of pre-crash defects. 

Damage: Right front fender, right door and right quarter panel pushed in, 
right door jammed, right side glass broken, windshield crackEid, dashboard buckled, 
pavement scrapes from rollover on left side. CDC 02-RYAW-3 (primary), 00-LPHO-l 
(secondary). 

Occupants 

Driver 1, 38 years old, male, 69", 165 lbs., married, law degree, occupation -
practicing attorney, hobbies--photography, music, collecting coins and antiques, 
little league, trip plan: origin home, destination airport to catch a plane for 
a business trip, ETA 0800 hours, accident occurred 3½ miles from origin, 12½ miles 
from destination, 22 years driving experience at an average of 18,000 miles/year, 
no driver education, route driven daily for 10 years, owned case vehicle 1 year, 
driven case vehicle - 15,000 miles, no permanent or transient physiological 
problems. Lap restraint utilized. 

Injuries: soreness on right side of neck and top of right shoulder. AIS 1. 

Driver 2, 39 years old, male, 68", 146 lbs., single, B.A. degree in sociology, 
occupation - psychologist's technician, hobbies--music and camping; trip plan: 
origin home, destination work, ETA 0800 hours, accident occurred 0.5 miles from 
origin, 4.7 miles from destination; 9 years driving experience, no driver education, 

* 
Collision Deformation Classification, Society of Automotive Engineers, Technical 
Report J224a 
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average 16,000-18,000 miles/year, route driven daily, area very familiar, owned 
case vehicle 2 weeks, driven case vehicle 619 miles; borderline diabetic, overactive 
thyroid presently under treatment, recovering from flu, nervous, "unconventional" 
in his life style but in a conventional way. 

Injuries: Cerebral concussion, lacerated right forehead, imbedded glass 
right forehead, soreness right to center abdomen, abrasion left lower leg. 
AIS 2. 

Standards 

The following Highway Safety Program Standards and Motor Vehicle Safety 
Standards were relevant to this case: HSPS 9, Identification of Surveillance of 
Accident Location and HSPS 13, Traffic Emergency Services. 

Description 

Pre-Crash 

Driver 2 was northbound on Rengstorff. He drove into a service station on 
the southeast corner of Rengstorff and Old Middlefield. Finding it closed, he 
drove through and made a left turn onto Old Middlefield. He prepared to make a 
left turn onto southbound Rengstorff in order to go to another service station 
on the southwest corner. Vehicle 1 was eastbound on Old Middlefield in Lane E2 
at a witness-estimated speed of 45 mph. As Vehicle 1 approached the intersection, 
Vehicle 2 turned on his left turn signal and proceeded to turn left. Driver 1 
applied his brakes approximately 30 ft. before entering the intersection. Vehicle 1 
left approximately 75 ft. of skidmarks up to the POI plus 5 ft. of skidmarks beyond 
that to POR. 

Crash 

Vehicle 1 impacted Vehicle 2 in the right side, pushing in the front fender, 
door and quarter panel. Vehicle 2 rolled over onto its left side, and Vehicle 1 
spun approximately 90 degrees and came to rest in the middle of the intersection. 

Post-Crash 

Driver 1 stepped out of his car, walked over to the curb and sat down. A 
witness helped Driver 2 climb out through the broken right door window. Another 
witness, who had had Red Cross first aid training, examined Driver 2 for possible . 
injuries. Police, an ambulance, and tow trucks responded to the scene. Driver 2 
was taken to the hospital in the ambulance, and Driver 1 left in a private car. 
Both cars were towed away. 
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Causal Factors, Conclusions and Recommendations 

Matrix Element Diagram 

The following diagram defines the numbering system used in the following matrix 
element description. 

Human 

Vehicle 

Environmental 

Pre-Crash 

l 

4 

7 

Accident 
Avoidance 

Crash 

2 

5 

8 

Injury 
Prevention 

Post-Crash 

3 

6 

9 

Restoration 
and Cleanup 

Matrix Element Description 

Matrix Cell No. 
(* indicates positive factor) 

Accident Causation 

l 

1 

l 

*4 

l 

Explanation 

Primary or Principal Causes 

Driver 2 attempted an unsafe left turn in front 
of oncoming Vehicle l. (definite) 

Driver 2 was possibly thinking more of locating 
a gas station that was open than traffic 
conditions. (possible) 

Severity Increasing Factor 

Driver l was speeding. (possible) 

Driver 2 would not have been wearing lap 
restraint had there not been a buzzer warning 
system. 

Relevant Conditions 

Driver 2 was not used to an automatic shift. 
(definite) 
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Matrix Element Description (Continued) 

Matrix Cell No. 
(* indicates positive factor) 

Injury Causation 

2 

2 

Pos t-Cr a s h Factors 

Re commendations 

l 

4 

Explanation 

Driver 2 was wearing his lap restraint (def ini t e) 

which surpressed his body movement, however it 

was being worn incorrectly which causes soreness 

to the abdomen. (definite) 

Driver 2 was not wearing his upper torso 
restraint which would have lessened or p r evented 
his head injuries. (probable) 

Witness helped Driver 2 out of vehicle. (def ini t e) 

Public education in the use of the entire 

restraint system and the proper way it should 

be worn. 

Side window glass should be improved to preven t 

showering occupants with glass j_n lateral 

impacts. 
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Stanford Research Institute Multidisciplinary 

Accident Investigation Team Case SRI 2-028 

I CASE SUMMARY 

(Car/Van - Intersection Lateral) 

Identification 

This ncciden t occurred at. the intersection of Middlefield Road and East 
Meadow Drive, Palo Al t o, California, residential, March 11, 1973, 0030 hrs., 

* Su nday, 2 cars - l ate ral, IP (injury producing) AIS 1. Vehicle 2 apparently 
drove Lhro up;h n red light nnd Vehicle l impacted it in the right side causing it 
to roll o ver. Figure l is a plan view of the accident scene. 

Ambie nce 

Night, 42°F, cloudy, damp pavement. 

Highwa y 

Middlefield Road is an arterial running northwest-southeast at the intarsection 
bu t referre d t o as north-south, 61' wide at accident site, four through lanes, 
lef t t urn onl y lanes at intersection, bike lane on west side of Middlefield Road, 

a sphal t, concre t e gut t er and barrier curb on east and west side of Middlefield, 
st l"n ight, s lig h t crown, luminaire on northeast and southwest corners, 16 driveways, 

l r o ad, and 20 poles and t rees i n¼ mile on west side of Middlefield (Driver l's 

r ight side approach) , and 11 driveways, 1 road and 15 poles and trees on east • side 
of Midd lef ield (Driver l's left side approach). 

Eas t Meadow Drive is n collector road referred to as east-west at the accident 

si t e , 47' wide, two t hrough lanes, bike lanes on north and south sides, rolled 

concre t e t-?: ULl.er and curbs ad j acent to sidewalks, straight, slight crown, 12 
drivewuys and 12 poles and trees in¼ mile on north side of East Meadow (Driver 2's 

right. side npproach) and 12 driveways , 1 road, and 18 poles and trees on sou t h side of 
Enst Meadow ( Driver 2's leJt side approach). 

The accident history: 1969, 17 (6 injury producing); 1970, 8 (3 IP); 1971, 
1 ( 0 IP ; 1972, 4 (~ IP); total 30 (10 IP) 1969-72. Seventeen accidents involved 
turning movements; 9 of those were northbound vehicles turning left to westbound 
versus southbound vehicles. 

* 
States, J.P., "The Abbreviated and Comprehensive Injury Scales," Proceedings of 
the Thirteenth Stapp Car Crash Conference, Society of Automotive Engineers, Inc. 
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Traffic Controls 

The speed limit on Middlefield and East Meadow is 25 mph. Through lanes on 
Middlefield are delineated by broken white lines, The left turn only lane is 
separated from the southbound lanes by a solid white line and denoted by "ONLY" 
and a left turn arrow painted on the pavement, The northbound and southbound 
lanes are separated by solid double yellow lanes. The bike lane on the west side 
of Middlefield is separated from the sout hbound lanes by a solid green line and 
denoted by a solid green triangle and "BIKES" painted on the pavement. Crosswalks 
a t t he i ntersection are delineated by solid white lines. 

Through lanes on East Meadow are separated by broken yellow lines. The bike 
lanes on t he nort h and south side are delineated by solid green lines and denoted 
by solid green tri angles and " BIKES" painted on the pavement. 

The i ntersection has semi -t raffic actuated signals with the following timing: 
The green inte r val on Middlefield is terminated after a 35 second minimum green 
t ime when the re is traf f ic on East Meadow waiting for a green signal. There is a 
4 second yellow. There is a 10 s ec . de l ay for East Meadow traffic to allow right 
t urns on red without c hanging the l ight t o green; if a vehicle remains within the 
de tector loop longer than t he 10 sec,, t he green will be activated. Initial green 
t ime is 6 sec. wi th 3 sec. extensions t o a maximum of 28 sec. green time and 3,5 
sec . yellow on East Meadow. The pedestrian cycle on East Meadow is 8 sec. walk and 
15· sec. pedes t rian clear. 

Vehic les 

Ve hic le 1 , car, 1970 Ford Mustang 2-door white convertible, 31,741 miles on 
odometer, Cali f ornia Highway Patrol random vehicle inspection sticker with 6-30-73 
e~piration d ate , power steering and brakes, padded dashboard and sunvisors, lap 
r estrai nt s , integral head restraints. No known defects, oil changed at 30,905 
miles on February 10, 1973, 1 month prior to accident. 

Damage: Entire front end crushed, hood buckled, radiator damaged. 
coc* 12-FDEW-2. 

. ' 
Vehicle 2, car , 1971 Volkswagen Type 2 Van, 3 doors and tailgate, white over blue, 

36 , 971 miles on odometer, no inspection sticker, power brakes, padded dashboard 
nnd sunvisors, lap and upper torso restraints, head restraints not equipped (not 
required), de fec t s, routine maintenance unknown. 

Damage: Right rear sliding door pushed in 7 inches, right rear wheel rim 
ben t , upper pillars bent to right by rollover, roof buckled, pavement scrapes 
on left sido and roof, left rear suspension bent, dent in front near left A-pillar, 
windshield and rear window separated. CDC 03-RPEW-3. 

* Collision Deformation Classification, Society of Automotive Engineers, Technical 
Report J224n. 
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Occupants 

Driver 1, 25-year-old female, 62", 113 lbs., occupation secretary, 10 years 
driving experience averaging 10,000-12,000 miles annually, trip plan friend's 
home to own home after, dinner, departure approximately 0025 hrs., expected arrival 

0035 hrs., total of 3 miles, collision occurred 3/8 mile from origin, owned and 

driven vehicle 15 months and about 15,000 miles, drives accident route about 

3 times per week, driver education and training in high school, no physical problems, 
general feeling of well being throughout the day, restraints not used. 

Injuries: contusion at left temple, contusion on anterior right forearm, 
contusions on right knee and left lateral knee. AIS 1. 

Driver 2 , 36-year-old male, 76", 180 lbs., occupation product manager in 
environmental engineering corporation, 21 years driving experience at 12,000-
15,000 miles per year (although seven years averaged 50,000 miles/year) in cars, 
trip plan party to take mother-in-law to Driver 2's home (she was visiting Driver 2 
and his fanli ly) and then return to party, distance from home to party 7 miles, 

accident occurred 7/8 mile from home, drives accident intersection several times 
per week especially on weekend, learned to drive from father, purchased vehicle new 

in December 1970 and driven for 36,000 miles over 2-1/4 years, slight alcohol 
usage (4 drinks) on evening of accident (not enough in officer's opinion to arrest 

for drunk driving), restraints not used. 

Injuries: contusions on right forehead and left temple, left side sore in 

area of eighth rib, anterior left arm contusions from shoulder to wrist, 

abrasion on right knee. AIS 1. 

Standards 

No standards are relevant to this case. 

Description 

Pre-Crash 

Driver 1 was proceeding from her boyfriend's home to her home. She had 
turned right onto S/8 Middlefield Road¼ mile from the East Meadow intersection. 

Traveling al a self-estimated speed of 25 mph in Lane Sl, she approached the 

intersection and noticed the signal was green. Driver 2 having taken his 

mothe r -in-law lo his home was returning to a party. He had turned right onto 
W/ B East Meadow¼ mile from the intersection and was traveling at an unknown 
speed in Lane Wl. As Driver 1 entered the intersection she saw Vehicle 2 

approaching from her left. She applied her brakes leaving no skid marks on the damp 

pavement. 
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Crash 

Vehicle 1 impacted Vehicle 2 behind the right front wheel. Vehicle 2 moved 
to the right relative to Vehicle 1 damaging the right rear wheel, then began to 

roll over and spin clockwise. As Vehicle 2 continued to spin, it slid onto the 
sidewalk impacting a utility pole guy wire. This impact righted the vehicle and 
it came to rest a few feet away. Vehicle l's path was deflected slightly to the 
right and came to rest at the southwest corner of the intersection. Vehicle 1 
received 10 inches of front end crush; the hood was buckled. Unrestrained Driver 1 
received a contusion on the left temple and dorsal right forearm; the left lateral 

knee and right knee received contusions due to contact with the parking brake 
release and lower instrument panel. Unrestrained Driver 2 received contusions 
on the left temple and left anterior arm from shoulder to wrist, probably from 
impact with the side interior of the left door during rollover. His right knee 

received an abrasion and right forehead a contusion. 

Post-Crash 

Driver 1 exited through the left door which had temporarily jammed. Emotionally 
shaken by the experience, she sat on the curb and began crying. Firemen from the 
fire station on the corner of the accident intersection called police and began to 
check Driver 1 for vital signs as he regained consciousness. An ambulance responded 
and took both Driver 1 and Driver 2 to the hospital. 

Driver 2 was charged with failure to stop for a red light, CVC 21453A. He 
could not remember anything about the accident and, therefore, did not know how to 
plead. He decided to allow the judge to read the report and make the decision in 
the case. A plea of not guilty was entered in court on April 5 and the judge found 
Driver 2 guilty on April 6 and fined him $19. 

Causal Factors and Recommendations 

Matrix Element Diagram 

The following diagram defines the numbering system used in the matrix element 
description. 

Human 
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Matrix Element Description 

Matrix Cell No. 
(* indicates positive factor) 

Accident Causation 

l 

l 

1 

Inj ury Causation 

2 

Recommendations 

7 

SRI 2-028 

Explanation 

Primary or Principal Cause 

Driver 2 drove through a red light. (probable) 

Severity Increasing Factor 

Driver l was worried about sJaying in .her proper 
lane and apparently did not scan the intersection 
approaches before entering. (possible) 

Relevant Conditions 

Driver 2's attention may have been on his 
conversations with his mother-in-law who he 
had just dropped off at his home. (possible) 

Both drivers were unrestrained. (definite) 

The use of an in-vehicle driver aid to alert driver 
to signal s t atus on approaching intersections 
shoul d be studied with regard to solving the 
driver inattention problem. 
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Stanford Research Institute Multidisciplinary 
Accident Investigation Team Case SRI 2-029 

I CASE SUMMARY 

(Motorcycle/Car - Head-on) 

Identification 

This acci dent occurr'8d at the intersection 
Street , Los Altos, California, urban, March 12, 
motorcycle car - head-on , IP (injury producing) 
of the accident scene. 

Ambience 

of Foothill Expressway and Main 
1973, 0745 hours, Monday, 

* AIS 4. Figure 1 is a plan view 

Day, 45°F , 49% relative humidity, light winds, good visibility, dry pavement. 

Highways 

Main Street, local, south of Foothill Expressway: 36 ft wide, 2 traffic 
l anes, 2 turn lanes, no divider, aaphalt concrete pavement, curbs near intersection, 
st raight , level, slight crown. North of Foothill Expressway: 49 ft wide, 2 through 
traffic lanes, 3 turn lanes, raised median 10 ft at widest area, asphalt concret e 
pavement , curbs, straight, level, slight crown. Number of accidents at intersection: 
1969, 3 (1 injury producing); 1970, 7 (3 IP); 1971, l (1 IP); 1972, 3 (1 IP); 
tot al 1969-72 14(6 IP). Nine accidents involved one driver disregarding a signal. 

Tr affic Controls 

Main Street: 25 mph, opposing lanes separated by double yellow lines, 
s outhbound lanes separated by broken white lines, left and right turn lanes 
i ndicated by whi te pavement arrows and word ONLY; straight lane indicated by 
straight pavement arrow. Green information sign FOOfHILL EXPRESSWAY, white 
KEEP RIGHT and LEFT LANE MUST TURN LEFT signs and yellow diamond sign with red 
reflectors in center island all for southbound Main. Pedestrian crosswalks 
delineated by solid white lines • 

• States, J.P., "The Abbreviated and Comprehensive Injury Scales," Proceedings 
of the Thirteenth Stapp Car Crash Conference, So~tety of Automotive Engineers, Inc. 
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Traffic signal cycle lengths: Main, initial green 6 seconds, vehicle interval 
3.5 seconds, maximum green 28 second•, yellow 3.3 seconds; Foothill Expressway, 
initial green 15 seconds, vehicle interval 7 seconds, maximum green 45 seconds, 
yellow 4.3 seconds; minor movement controller cycle (for left turn phase on 
Foothill), initial green 4 seconds, vehicle interval 3 seconds, maximum green 
20 seconds, yellow 3 seconds. Recall is ON for Foothill. 

Vehicles 

Vehicle 1, motorcycle, 1968 Triumph Trophy 250, white/black, 8737 miles, 
no inspection sticker, no evidence of pre~crash defects. 

Damage: front wheel bent, front fork bent and twisted, fuel tank dent, 
rear brake pedal bent, seat came loose, fins on diode heat sink broken. (No CDC 

f or mot orcyc les.) 

Vehicle 2, c ar, 1971 Peugeot 304 4-door sedan, green, 22,764 miles, no 
inspec tion sti cker, power brakes, padded dash and sun visors, 2-point restraint 
sys t em , no evidence of pre-crash defects, routine maintenance performed one month 
before accident . 

Damage: right front fender dented, windshield cracked, RF wheel opening 

* damaged, denting and scraping on right upper C-pillar and both doors. CDC 02-LFEW-1. 

Occupants 

Vehicle 1 motorcycle. Driver, male, 16 years old, 70 inches, 160 lbs., single, 
high school junior, hobby--worki ng on motorcycles, trip plan home to friend's house 
t ? school, ETD 0730, ETA 0815, accident occurred 1 mile from origin, driver 
educat ion in high school, riding motorcycles for ~2 years, owned case vehicle 
6 months , drives route twice-a-day, coul d not estimate number of miles he rides 
per year . Good physical condition. Smokes marijuana daily, returned home one 
week prior to accident after family disagreement. Was not wearing helmet or 
goggles. 

Injuries: fracture of superior rim of left orbit; 3-cm laceration, left front 
hair line area; cerebral concussion, bulging left tympanic membrane without 
discoloration, small cut on outer left ear, various abrasions on left side of face; 
lacerati ons and abrasions left side neck ~8 inches long; tender left shoulder, burn 
abrasions on right arm, scrapes on both shins, 2-cm laceration medial right ankle. 
AIS 4. 

* Collision Deformation Classification, Society of Automotive Engineers, Technical 
Report J224a. 

E-182 



SRI 2-029 

Vehicle 2, car. Driver, male, 53 years old, 68 inches, 190 lbs., married, 
occupation: accounting (management), trip plan: probably home to work. Accident 
occurred ~3 miles from home, route familiarity: probably very familiar, owned 
case vehicle 14.5 months. Driver's attorney would not consent to SCAT's questioning 
Driver 2. 

Injuries: Unknown--possibly none. 

Standards 

The following Highway Safety Program Standards. and Motor Vehicle Safety 
Standards were relevant to this case: 

HSPS 3. Motorcycle Safety. California law does not require safety helmets 
be worn which would have eliminated most of Driver l's injuries. 

Description 

Pre-Crash 

Vehicle 1 was southbound in Lane Sl on Main Street. Vehicle 2 turned right 
onto Main Street ~100 ft south of the intersection. Vehicle 2 now northbound 
in Lane Nl proceeded to turn left onto Foothill Expressway. Driver 2 did not 
notice Vehicle l approaching. When Driver 2 did notice Vehicle 1, he thought he 
would speed up, hoping that Vehicle l would be able to go behind him. 

Crash 

Vehicle 1 impacted Vehicle 2 in the right front wheel. The front wheel of the 
motorcycle turned to the right and was caught in Vehicle 2's wheel opening. 
Driver l was thrown forward, contacted his head and face on the upper rim of the 
windshield frame and the windshield, then fell to the ground next to the right 
rear wheel of Vehicle 2. The motorcycle moved upward and swung to the left, 
causing damage to the right front fender and minor denting to both right doors of the cari 
The motorcycle came to rest on end with its front wheel on the ground and its 
rear wheel above ground resting on the side of Vehicle 2; fuel was leaking from the 
tank. 

Post-Crash 

The motorcycle was laid on the ground by witnesses who noticed leaking fuel. 
Police and an ambulance were called. Driver 1 was taken to the hospital. Two 
tow trucks arrived, debris was cleared and vehicles were removed from the scene. 
Driver 2 was not cited. (Complaint for failure to yield was refused for lack of 
evidence.) 
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Causal Factors, Conclusions and Recommendations 

Matrix ·. Element Diagram 

The foUowing diagram defines the numbering system used in the following 
matrix elemont description. 

Human 

Vehicle 

Environmental 

Pre-Crash 

l 
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7 

Accident 
Avoidance 

Crash 

2 
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8 

Injury 
Prevention 

Post-Crash 

3 

6 

9 

Restoration 
and Cleanup 

Matrix Element Description 

Matrix Cell No. 
(* Indicates positive factor) 

Accide::it Causation 

l 

l 

6 

*3 

7 

2 

Explanation 

Primary or Principal Causes 

Driver 2 failed to see Vehicle l approaching 
intersection. (definite) 

Severity Increasing Factor 

Driver 2 misjudged the speed of the motorcycle 
once it was seen. (possible) 

Fuel leaked from Vehicle lat its upended 
position of rest. (definite) 

Witnesses laid Vehicle l down to stop fuel 
leakage. (definite) 

Relevant Conditions 

Sun on the windshield prevented Driver 2 from 
seeing Vehicle l approaching. (possible) 

Driver l was not wearing a safety helmet. 
(definite) 
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Matrix Element Description (Continued) 

Matrix Cell No. 
(* Indicates positive factor) 

Recommendations 

1 

1 

4 

Explanation 

With the increasing number of motorcycles on the 
highway, motorists should be informed or t rained 
in looking for motorcycles when they make the i r 
maneuvers. 

Motorcyclists should be required to wear safety 
helmets. 

Motorcyclists should be required to drive with 
headlight on at all times. 
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Identification 

Stanford Research Institute Multidisciplinary 
Accident Investigation Team Case SRI 2-030 

I CASE SUMMARY 

(Car/Parked Car - Rear End--Lateral) 

This accident occurred on Alma Street in the 3100 block, Palo Alto, California, 
open roadway, residential area, March 13, 1973, 2030 hrs., Tuesday, 2 cars--car into 
parked car. IP (injury producing) AIS*l. Figure 1 is a plan view of the accident 
scene. 

Ambience 

Night, 57°F, calm, dry pavement. 

Highway 

Alma Street is a major arterial, 51.5 ft wide, 4 lanes undivided, asphaltic 
concrete surface, curb on east side, dirt shoulder on west side, straight, level, 
moderate crown, mercury vapor luminaires, 65 poles and trees, 16 driveways and 1 
street in the last 1/4 mile traveled by Vehicle 1. Twelve accidents from 1967 to 
October 1972 in the 3100 block. The average daily traffic for Alma near the 3100 
block is 15,242 vehicles northbound and 13,469 vehicles southbound (Wednesday, 
July 5, 1972); the volume for the hour ending at 2100 is 622 vehicles northbound 
and 526 vehicles southbound. 

Traffic Controls 

Post speed limit 35 mph, solid double yellow lines with raised amber reflectors 
dividing northbound and southbound lanes, broken white lines with clear reflectors 
separating curb and center lanes, no signals in vicinity of accident site. Parking 
is permitted on the east side of the street. 

Vehicles 

Vehicle 1, car, 1970 Volkswagen Karmann Ghia, 2-door, orange, convertible, 
18,528 miles on odometer, no inspection sticker, no power accessories, padded dash 
and sunvisors, lap and upper torso restraints equipped, head restraints, left and 

* States, J.P., "The Abbreviated and Comprehensive Injury Scales," Proceedings of the 
Thirteenth Stapp Car Crash Conference, Society of Automotive Engineers, Inc. 
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right front tires showed underinfaltion wear, oil chnn~o ond vehicle dinµ;11osis 
performed at 12,000 miles on May 11, 1972, damage to right front fender and door, 
wheelbase shortened by 2.5 inches on right side, fuel leakage from filler neck, 
occupant contact on instrument panel, windshield, sunvisor, CDC* 12-FREE-5. 

Vehicle 2, car, 1964 Chevrolet Impala, 4-door, white, hardtop, odometer reading 
120,106, inspection data unknown, power steering and brakes, padded dash and 
sunvisors, lap restraint equipped, defects unknown, maintenance unknown, damage to 
left rear door and left rear fender. CDC 06-BLEE-4. 

Occupants 

Driver 1, 31-year-old female, 66", 110 lbs., married, occupation artist 
(formerly a secretary) and housewife, hobbies include sewing, reading and gardening, 
three years driving experience at 5,000 miles per year, trip plan home to gas 
s tation to undecided destination, accident occurred 2¼ miles from home, owned 
vehicle three years and driven about 15,000 miles (husband drives it occasionally), 
drives accident route about once per week, other driving 10% freeway, very little 
at night (she says she "can't see anything"), learned to drive at commercial driving 
school in Nebraska (approx. 1 class lecture and three sessions behind the wheel), 
received first license in Nebraska in 1970, asthmatic condition (better since moving 
to California), argument with husband prior to accident (reason for taking the 
dri ve "to cool off"), reporting officer observed odor of alcohol (no tests given), 
restraints not used. 

Injuries: laceration right upper forehead, bloody nose, abrasions on left and 
right knees. AIS 1. 

Vehicle 1, a small dog was also present in front seat of vehicle. No injuries. 

Vehicle 2 was parked at the curb and unoccupied. The owner is a 46-year-old 
male . He rarely parks the vehicle on the street. 

Standards 

The following Motor Vehicle Safety Standard (MVSS) is relevant to this case: 

MVSS 301. Fuel Tanks, Fuel Tank Filler Pipes, and Fuel Tank Connections. 
Fuel leaked from filler pipe of Vehicle 1 after collision. 

Description 

Pre-Crash 

Driver 1 had just had an argument with her husband and had left the house to 
"cool off." She stopped at a gas station and then proceeded northbound in the slow 
lane (N2) at estimated 35 mph. She was emotionally upset and crying. Two and one-

* 
Collision Deformation Classification, Society of Automotive Engineers, Technical 
Report J224a. 
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fourth miles from home she said she heard a loud noise which she assumed was a 
blowout but really was her initial impact with the left rear of parked Vehicle 2. 

Crash 

Vehicle l's right front fender impacted parked Vehicle 2 in the left rear. 
Vehicle l spun clockwise as viewed from above, and _impacted Vehicle 2 in t he left 
rear door. Driver l's nose hit the steering wheel causing a nosebleed and her head 
hi t the windshield causing a laceration. Both knees hit the lower instrument 
panel receiving abrasions. 

Post-Crash 

Driver l says she became hysterical. The police suggested that she go to the 
hospital but she declined. Her husband was called and came to pick up her. She 
went to the doctor the following day. 

Causal Fac t ors and Recommendations 

Mat rix Element Di agrrun 

The following diagram defines the numbering system used in the matrix element 
descript ion. 

Pre-Crash Crash Post-Crash 

Human 1 2 3 

Vehicle 4 5 6 

Environmental 7 8 9 

Matrix Element Description 

Matrix Cell No. 
(* indicates positive factor) 

Accident Causation 

1 

7 

Accident 
Avoidance 

Injury 
Prevention 

Explanation 

Primary or Principal Cause 

Restoration 
and Cleanup 

Driver 1 did not have her attention on her driving 
(probable) 

Severity Increasing Factor 

Vehicle 2 was at side of road legally parked 
(definite 
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Matrix Element Description (Continued) 

Matrix Cell No. 
(* indicates positive factor) 

Accident Causation 

1 

Injury Causation 

2 

Recommendations 

1 

Explanation 

Relevant Conditions or Modifying Factors 

Driver 1 was emotionally upset and crying due 
to an argument with her husband. (definite) 

Driver 1 was not wearing restraints. (definite) 

Drivers emotionally upset should be discouraged 
from driving. 
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Identification 

Stanford Research Institute Multidisciplinary 

Accident Investigation Team Case SRI 2-032 

I CASE SUMMARY 

(Car--Ran off Road/Hit Object/Rollover) 

This accident occurred on U.S. Route 101 (approximately milepost 43.3) and 
Wildwood Avenue, Sunnyvale, California, freeway and local road, agricultural and 

residential area, March 25, 1973, 0230 hrs., Sunday, car ran off road, impacted 
and went under freeway fence, rolled over on local road, IP (injury producing) 
Ars* 1. Figure 1 is a plan view of the accident. 

Ambience 

Night, 55°, calm, good visibility 

Highway 

U.S. Route 101 is a full freeway, 134' wide (includes shoulders), six lanes, 42.5' 

median with cable barrier 15' from the southbound lanes, northbound lanes asphaltic 

concrete, southbound lanes portland cement concrete, 8.5' paved shoulder and 11' 

dirt area to right of northbound lanes and 7' paved shoulder to right of southbound 

ianes, straight, level, no accesses within 1/4 mile, no poles or trees within 1/ 4 
mile, accident history between mileposts 42.8 and 43.8, northbound: 1969, 17 

(6 injury producing}; 1970, 5(1 IP); 1971, 8(4 IP). One each of the IP accidents 
in 1969 and 1971 were fatals. 

Wildwood Avenue is a local road, 32' wide in the area of the accident site, 
two lanes, curb and concrete gutter on both sides, separated from u.s. 101 by 

chainlink freeway fence. 

Traffic Controls 

Speed limit 65 mph on U.S. 101, lanes delineated by broken white lines with 
white Bott's dots and retromarkers, double yellow lines separating fast lanes from 

median area, solid white line separating northbound lanes from paved shoulder on 

* " States, J.P., The Abbreviated and Comprehensive Injury Scales," Proceedings of 
the Thirteenth Stapp Car Crash Conference, Society of Automotive Engineers, Inc. 
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right, "Sunnyvale City Linlit" si~n on wooden posts in dirt area Lo righL or paved 

shoulder adjacent Lo northbound lanes. 

Wildwood Avenue lanes separated by broken yellow line. 

Vehicle 

Vehicle l, car, 1972 BMW 2002 2-door blue sedan, 24,664 miles on the odometer, 

no inspection sticker, power brakes, padded dash, lap and upper torso restraint 
(with inertia reel), head restraints, owner/ driver stated front end out of alignment 

(pulled to right), changed oil, plugs, points on day of accident. 

Damage: dents and scrapes on right siGe and top from fence, pavement scrapes 

on roof and left side, left rear suspension bent, rilht rear suspension control 
arm pivot separated, left door glass shattered. CDC 01 --RDES-l (primary), 

00- LPAO- l (secondary), 12-FCEN-l (tertiary). 

Occupants 

Driver 1, 21 - year-old male, 69'', 140 lbs., occupation telephone installer, 
hobbies include listening to records and growing plants, 5 years driving experience 

at 20,000 miles per ear, trip plan friend's (social) to home, distance of 12-1 2 
miles, collision occurred 4-3/ 4 miles from home, purchased vehicle new in Jul y 1972 
(8 months prior to accident) and driven for 24,664 miles, drives accident route about 

4 times a year, 40% driving on freeways and in daytime, driver education in high 

school (including use of simulator), general feelings of well being, had "a couple 
of beers" and probably smoked marijuana, restraints not used. 

Injuries: lacerations on forehead, soreness in left upper leg near hip, 
both eyes black. AIS 1. 

Standards 

The following Motor Vehicle Safety Standard was relevant Lo this case: 

MVSS 301. Fuel Tanks, Fuel Tank Filler Pipes, and Fuel Tank Connection. Contact 
with the fence posts ripped off the side-mounted fuel filler cap and fuel spilled when 
Vehicle 1 rolled over. 

Description 

Pre-Crash 

Driver 1 apparently fell asleep and allowed Vehicle 1 to drift off the pavement 

onto the 22 ft wide dirt shoulder. Driver 1 woke up and tried to steer to the left 
to get back on the road but was unable to do so before reaching the point where the 
shoulder narrows to 13 ft. 

* 
Collision Deformation Classification, Society of Automotive Engineers Technical 
Report J224a. 
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Crash 

Vehicle 1 impacted the fence and slid along the fence for approximately 20 ft 
and knocked down several fence support posts. Vehicle 1 then passed under the 
fence and began to spin as it entered Wildwood Avenue. It apparently rolled over 
one complete turn plus 90 degrees, finally coming to rest on its left side pointing 
opposite to its original direction of travel. 

Post-Crash 

City of Sunnyvale police responded to the scene and requested an ambulance. 
Vehicle 1 was righted, Driver 1 was assisted from the vehicle and was taken to the 
hospital by ambulance. A California Highway Patrol unit was called to the scene 
when it was determined that the accident originated on u.s. 101, and was therefore 
under CHP jurisdicdiction. A tow truck arrived on scene, and the tow driver swept 
up some of the loose debris before removing the vehicle. A large amount of glass was 
left on the road. 

causal Factors and Recommendations 

Matrix Element Diagram 

The foll owing diagram defines the numbering system used in the matrix element 
description. 

Human 

Vehicle 

Environmental 

Matrix Element Description 

Matrix Cell No. 
(* indicates positive factor) 

Accident Causation 

1 

1 

7 

Pre-Crash 

1 

4 

7 

Accident 
Avoidance 

Crash 

2 

5 

8 

Injury 
Prevention 

Explanation 

Primary or Principal Cause 

Post-Crash 

3 

6 

9 

Restoration 
and Cleanup 

Driver 1 fell asleep while driving (definite) 

Severity Increasing Factors 

Driver woke up when vehicle left the road, but 
was unable to avoid collision (probable) 

Shoulder narrows at point of impact (definite) 
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Matrix Element Description (Continued) 

Matrix Cell No. 
(* indicates positive factors) 

Accident Causation 

1 

Injury Causation 

2* 

Recommendations 

8 

Explanation 

Relevant Condition 

Driver 1 had been drinking beer (definite) 

and may also have smoked marijuana (probable) 

Although unrestrained,Driver 1 received only 
minor injuries (definite) 

Fences along side of freeways should be 
strengthened to prevent penetration. 
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Stanford Research Institute Multidisciplinary 

Accident Investigation Team Case SRI 2-033 

I CASE SUMMARY 

(Van/ Pickup Car lCar - Lateral Intersection) 

Identification 

This accident occurred at the intersection of Stale Route 237 and North 1st / 
Taylor Street, San Jose, California, intersection, agricultural area, Marci, 26, 
1973, 1030 hrs . . Monda y, van and car into pi ckup car. IP (injury prnducin ~',) AIS* l. 
Figure l is a plan view of the accident. 

Ambience 

Day, 67°F, rela tive humidity 68%, wind 0-3 mph from south, pavement dry. 

State Route 237 is an east-west expressway, divided in Lhe area of the accident, 
110' wide , 4 through lanes, 20' wide dirt median with curb Lo left of left turn lane, 

asphaltic concrete surfa~e, 4' paved shoulder on south e d ge of 237. st rai ght, slight 

c rown, no accesses ;:rnd 2 poles in last 1/ 4 mile , traveled by Vf:hicles land 3. 

North First/ Taylor Street is a local road northwest of the intersec t ion and 
a minor arterial southeast of the intersection. It is approximately 15' wide, 

two lanes, no divider, asphaltic concrete, straig ht, 4 driveways and 17 poles and 

t rees in last 1/ 4 mile traveled by Vehicle 2. 

The accident history for the intersection: 1970, 13 (4 Injury Producing); 
1971, 28 (8 IP); 1972, 26 (4 IP); total 1970-72, 67 (16 IP). Over one-half of 

accidents were rear enders with eastbound predominant; slightly more than one 
quarter were right angle with most involving southbound vehicles. 

Traffic Controls 

The speed limit on 237 is 55 mph and on Taylor is 40 mph. Through lanes on 

237 are separ ated by white Botts dots. The south edge of the road is delineated by 
a solid white line and the left turn channel on the north edge of the eastbound lanes 

* States, J.P . , "The Abbreviated and Comprehensive Injury Scales," Proceedings of the 

Thirtee11th Stapp Car Crash Conference. Society of Automotive Engineers, Inc. 
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is separated from through lanes by a solid white line and marked by a white turn 
arrow and the word ONLY. Solid white limit lines extend from traffic islands to the 

extension of the left turn channel solid white line. After the intersection double 
yellow lines separate the north edge ot the eastbound lanes from the dirt median. 

Lanes on Taylor Street are separated by double yellow lines. Solid white 

limit lines extend from traffic islands to the double yellow lines. 

Yellow rectangular SIGNAL AHEAD sign with flashing yellow lights on overhead 

mast arm and white painted words SIGNAL AHEAD about 800 feet before and green 

TAYLOR ST/FIRST ST information sign on left side just before left turn channel 
on Route 237 at intersection with North First. Yellow diamond SIGNAL AHEAD sign 

about 500 feet ahead and green MILPITAS/237/MOUNTAIN VIEW information sign on right 
side of Taylor St. just before intersection with Route 237. 

The signals at the intersection are set and maintained by the State Division of 
Highways. At the time of the accident the signals were not working. 

Vehicles 

Vehicle 1, van, 1972 Chevrolet Chevy Van 10, 5 doors, green, 21,096 miles, 

California Highway Patrol inspection sticker, expiration date December 31, 1972 
(random motor vehicle inspection program), power steering, padded dash and sunvisors, 

lap restraint equipped, no head restraints required or equipped, irregular tire 

tread wear noted on left f ront and rear and right front tires (cupping), routine 

maintenance performed on February 26, 1973, at 20,234 miles. 

Damage: to left front from impact with Vehicle 2 and to front from impact 

with signal pole, enc* 12-FCAN-4 (primary) and 11-FLEE-2 (secondary). 

Vehicle 2, pickup car, 1965 Ford Falcon Ranche~o, 2 doors, white, 70,503 
miles on odometer, no inspection sticker, no power accessories, no padding, equipped 

with lap restraints but belts not pulled through seat back, left front and left 
rear shock absorbers degraded, routine maintenance performed at 70,128 miles (date 
unknown. 

Damage: to right front fender at wheel and left rear behind wheel, roof 
damage from shifting cargo, CDC 02-FREW-4 (primary), 03-RBEW-3 (secondary), 

00-TPGN-l (tertiary). 

Vehicle 3, car , 1971 Datsun 510 4-door, white, sedan, 25,711 miles on odometer , 
no inspection sticker, air conditioning, padded dash, sunvisors, lap and upper 
torso restraints, head restraints, no known defects, routine maintenance on March 
17, 1972 at 12,551 (more recent unknown). 

* 

Damage: to left front fender, CDC 11-FYEW-2. 

Collision Deformation Classification, Society of Automotive Engineers Technical 
Report J224a 
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Occupants 

Driver 1, 70-year-old male, 64", 134 lbs., retired oil worker, widowed, 54 

years driving experience, at 14,000 miles per year, trip plan home to town of 
Modesto to visit family, a distance of 60 miles, no ETA, accident occurred 5 miles 

from home, purchased vehicle new in November 1971, has driven for 21,000 miles. 

Drives accident route about once per month, learned to drive in Texas "by getting 

behind the wheel," obtained first license in California in 1928. Physical and mental 

condition good, wears bifocal glasses, takes pills "to keep his blood thin," had 

heart attack in 1966, lap restraint used. 

Injuries: chest sore, right hand abrasion. AIS 1. 

Driver 2, 70-year-old male, 67", 143 lbs., occupation retired, married with 
eight grown children, 52 years driving experience, could not estimate miles per 

year, trip plan returning from an auction to home a distance of 7-1/ 2 miles, 
accident occurred 1 mile from the auction, purchased vehicle used six months prior 
to accident from car dealer, drives accident route perhaps twice a year, taught 
self to drive, physical and mental condition unknown, restraints not used. 

Injuries: lacerations on head, bruised right shoulder area, bruised and sore 

left upper leg. AIS 1. 

Driver 3, 18-year-old female, 65", 124 lbs., married, probably 1 year driving 
experience, trip plan home in Saratoga to Modesto to pick up two vehicles, a 
distance of 75 miles (accident occurred 15 miles from origin), borrowed Vehicle 3 

from mother-in-law, probable high school driver education, physical and mental 
problems unknown, restraints not used. 

Injuries: bruise on left side of head from windshield impact, and on right 

knee; laceration on right knee. AIS 1. 

Vehicle 3, right front passenger, 20-year-old female, 67", 130 lbs., restraint 

not used. 

Injuries: bruise on left knee. AIS 1. 

Vehicle 3, right rear passenger, 20-year-old female, 62", 120 lbs., restraint 

not used. 

Injuries: none 

Vehicle 3, center rear passenger, 1-1/ 2 year old female, 30", 25 lbs., no 

restraints. 

Injuries: none. 
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Standards 

The following standards were relevant to this case: 

HSPS 15, Police Traffic Services. Police reporte._~ traffic signal malfunctioning 

about 1 hour prior to accident but did not perform traffi-c , control. 

HSPS 13, Traffic Engineering Service. 

but action not taken immediately. 

Description 

Pre-Crash 

',, 
Malfunctioning traffic signal was reported 

Vrhicle 2 was southbound on Taylor St. approaching State Route 237. Driver 2 

noticed that the signal was not working, so he stopped at the intersection. He 
said that drivers to his left (westbound on 237) stopped and motioned him to go 
ahead. Vehicles 1 and 3 were both eastbound on 237 approaching Taylor/N. First 

followed by a witness. Vehicle 1 was in the slow lane going 40 mph and Vehicle 3 
was in the fast lane going 50 mph. The witness noticed that the signal wasn't 
working and slowed down. Vehicle 2 proceeded into the intersection. Driver 3 noticed 

it and applied her brakes, leaving 18-20 ft of skid marks. Driver 1 took no evasive 

action. 
Crash 

Vehicles 1 and 3 impacted Vehicle 2 almost simultaneously, Vehicle 1 with its 
left front corner to Vehicle 2' s right front fender and Vehicle 3 left front corner 

to Vehicle 2 right rear fender. Vehicle 2 was deflected to the left and came to 

rest in Lane El adjacent to a traffic island. Vehicle 1 was deflected to the right, 
impacted the curb of the island and the signal and luminaire pole receiving damage to 

t~e center front. Vehicle 1 continued across the island, impacted another curb and 
came to rest in weeds. At impact, loose cargo in the bed of Vehicle 2 hit Vehicle 3's 
windshield. Vehicle 3 spun to the right and came to rest in Lane Nl. Upon impact 
with the pole, lap belted Driver l's chest hit the steering wheel and l1is ri"ht hand 
slid up the upper dashboard receiving an abrasion. Unrestrained Driver 2 probably 

moved toward the right of the vehicle. He received a bruised right shoulder and 
lacerations in his head. His left outer thigh was bruised. Driver 3 hit the left 

side of her head and the right knee received a laceration and contusion. The unrestrained 

right front passenger hit her left knee on the dashboard. The right rear passenger 
grabbed the baby and laid down on top of her on the seat; neither was injured. 

E-208 



SRI 2-033 

Post-Crash 

A witness stopped and went over to occupants in Vehicle 3. Each driver waited 
a short period before exiting from his vehicle. Driver 3 was "hysterical" according 
to the witness who tried to calm her down. Police and ambulance arrived. Driver 2 

was removed t o t he hospital, examined and released. Tow trucks responded to remove 

all three vehicles. Fire truck responded to wash down the roadway. California 

Division of Highways personnel responded to turn off the hot wires from the knocked 
down pole and to put other signals on a flashing mode. Police took Vehicle 3 
occupants home and SCAT drove Driver 1 home. 

Causal Factors and Recommendations 

Matrix Element Diagram 

The following diagram defines the numbering system used in the matrix element 

description. 

Human 

Vehicle 

Environmental 

Matrix Element Description 

Matrix Cell No. 
(* indicates positive factors) 

Accident Causation 

1 

1 

7 

7 

Pre-Crash 

1 

4 

7 

Accident 
Avoidance 

Crash 

2 

5 

8 

Injury 
Prevention 

Explanation 

Primary or Principal Causes 

Post-Crash 

3 

6 

9 

Restoration 
and ·cleanup 

Eastbound Drivers 1 and 3 did not slow at 

intersection, even though signals were not 
working (definite) 

Southbound Driver 2 stopped, was motioned on 

by cars to his left and proceeded into 
intersection (probable) 

Relevant Conditions 

Signals at intersection were out (and not 

flashing) (definite) 

Police officer reported signal malfunction 
an hour prior to accident but did not remain 

at scene to control traffic (definite) 
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Matrix Element Description (Continued) 

Matrix Cell No. 

(* indicates positive factors) 

Injury Causation 

2 

Post-Crash Factors 

3* 

Recommendations 

7 

Explanation 

Occupants in Vehicle 3 were not wearing 

restraints (definite) 

Wi tness helped calm down Driver 3 (definite) 

Police officers should carry warning devices, 
such as large signs, to place at intersections 
containing malfunctiong signals before the 
maintenance personnel arrive 
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Identification 

Stanford Research Institute Multidisciplinary 
Accident Investigation Team Case SRI 2-034 

I CASE SUMMARY 

(Car/Car - Sideswipe, Car/Pole/Pole, Pole/Camper) 

This accident occurred on Willow Road between Bayshore Freeway and Chester St., 
Menlo Park, California, mixed commercial, hospital and residential area, April 5, 
1973, 1516 hours, Thursday. Vehicle l hit median, sideswiped Vehicle 2, crossed 
median, impacted and broke utility pole, slid into chain link fence and impacted 
steel sign pole. Utility pole impacted camper driving in opposite direction. 
Fatal AIS* 6. Figure 1 is a plan view of the accident scene. 

Ambience 

Day, 78°F, 65% relative humidity, light wind, good visibility, dry pavement. 

Highway 

Willow Road, major arterial, approximately 67 ft wide (varies slightly), 
4 lanes plus left turn lanes, raised Portland cement concrete median 4 ft. wide, 
a_sphaltic concrete pavement, P.C. curbs both sides, straight, level, slight crown, 
6 accesses and 13 poles/trees (both sides of street) in last 1/4 mile traveled by 
Vehicle 1, 11 driveways, 3 streets and 31 poles/trees (both sides of street) in 
last 1/4 mile traveled by Vehicle 3. 

Accident history: 1969, 5 (1 Injury Producing); 1971, 10 (4 IP); 1972, 
5 (0 IP). Three year total, 20 (5 IP). 

Traffic Controls 

Speed limit 35 mph, traffic lanes separated by broken white lines, left turn 
lanes delineated by solid white lines, arrows on pavement (see Figure 1), MERGING 
TRAFFIC, KEEP RIGHT; and speed limit signs, no signals. 

* State·s, J.P., "The Abbreviated and Comprehensive Injury Scales," Proceedings of 
the Thirteenth Stapp Car Crash Conference, Society of Automotive Engineers, Inc. 
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Vehicles 

Vehicle 1, car, 1969 Buick Skylark Custom, 4-door hardtop, black vinyl over 
blue, 57,429 miles, no inspection sticker, power steering, padded dash and sunvisors, 
4-point restraint system, maintenance unknown. 

Damage: moderate damage to right front fender from sideswiping Vehicle 2, 
severe damage to front end and grille from utility pole, damage to right front and 
rear fenders from fence, and maior deformation of right A-pillar and right front 
door from steel sign post. CDC 02-RPAN-4 (primary), 12-FCEN-l (secondary), 01-FREE-l 
(tertiary). 

Vehicle 2, car, 1965 Ford Galaxie 500, 2-door hardtop, metallic tan, 27,867 miles, 
no inspection sticker, power steering and power brakes, padded dash, lap restraints, 
owner complaint of steering "acting funny," possible alignment or power steering 
problem, maintenance unknown. 

Damage: Minor sideswipe damage from left lower C-pillar to left A-pillar. 
CDC 07-LZMS-l 

Vehicle 3, camper-van, 1971 Chevrolet Chevy Van 30, white, odometer not 
function ing, (driver estimates"maybe 600"), no inspection sticker, power steering 
and power brakes, padded dash and sunvisors, lap restraints, no maintenance 
performed. 

Damage: Dent in right front corner of hood, right upper A-pillar buckled, 
windshield leader and roof side rail over right front door bent, windshield out, 
other dents on right side of camper body. CDC 12-FDHN-6. 

Occupants 

Vehicle 1, driver, male, 70 years old, 66", 190 lbs., retired construction 
worker, driving experience over 32 years, trip plan home to drug store 0.8 miles, 
collision occurred 0.2 miles from destination, annual mileage estimated at 10,000 
miles, driven vehicle approximately 4 years and approximately 57,000 miles, drives 
accident route daily, driver education unknown (improbable), physical condition 
high blood pressure, but complained "about his head" the day of the accident, 
blood alcohol 0.26 grams% (autopsy finding), driving record shows one violation and 
one accident, restraints not used. 

Injuries: subarachnoid hemorrhage, fractured calvarium, cortical contusions 
right occipital lobe, petechial hemorrhage pons, cerebral edema, right fractured 
ribs 1-5, right pulmonary contusions, multiple lacerations liver, contusion and 
swelling right side of head. AIS 6. 

* Collision Deformation Classification, Society of Automotive Engineers Technical 
Report J224a. 
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Vehicle 1, right front passenger, female, 65 years old, 63", 198 lbs., wife 
of driver, no restraint used. 

Injuries: transverse fracture right fibular head, oblique deep laceration 
lower right fibular head down to muscle fasciae and 3 cm. L-shaped laceration 
medial part of right proximal medial tibia (dirty with chips of blue paint and 
contusions), transverse fracture right humerus shaft (upper third), transverse 
fract ure right radius and ulna shaft (lower third), minor oblique laceration 10 cm. 
above right eyebrow, nondisplaced fracture left pelvis pubic and ischial rami, 
superficial transverse lacerations of left wrist, one 2 cm. proximal to palm 
exposing tendons and one 4 cm. to proximal border of palm, abdominal pain and 
tenderness. AIS 2. 

Vehicle 2, driver, female, 23 years old, 63", 140 lbs., single with 3 children, 
unemployed (worked as electronics assembler), 13th grade education, hobbies--dancing 
and watching the roller derby; trip plan: origin - home, destination - V.A. hospital 
to buy Easter baskets, ETD 1430-1445 hours, no ETA, total distance 2 miles, accident 
occurred 1 block from destination; has driven 10 years, drives an (SCAT estimated) 
average of 12,000 miles/ year, high school driver education, drives route 3 times per 
week, owned case vehicle 6 months, driven it about 6,800 miles, no previous accidents, 
l traffic citation (with violation of promise to appear)(not a moving violation), 
no physiological or psychological problems noted. Lap restraint not in use. 

Injuries: none 

Vehicle 3, driver, male, 39 years old, 72", 170 lbs., divorced, 15th grade 
education, occupation advertising/publishing executive, hobbies skiing and camping, 
trip plan origin work, destination San Francisco on business, ETD 1505 hours, 
E~A 1630 hours, total trip distance about 40 miles, accident occurred 0.8 mile from 
origin, has driven 23-24 years, average 8,000 miles per year, no driver education, 
drives route 3 times per week, owned case vehicle 1 month,estimated he drove it 
about 600 miles, no physiological problems, no previous accidents, 1 traffic citation. 
Lap restraint worn. 

Injuries: 3/16" blood blister on left index finger. AIS 0. 

Standards 

The following Highway Safety Program Standard and Motor Vehicle Safety Standards 
were relevant to this case: 

MVSS No. 205, Glazing Material. Windshield prevented utility pole from 
penetrating the occupant compartment of Vehicle 3. 
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MVSS No. 208, Occupant Crash Protection. Had right front passenger in Vehicle 1 
been wearing a lap restraint, she would not have come forward on the seat in the 
final POI which may have prevented her legs from being trapped in the bent floor. 

HSPS 16, Debris Hazard Control and Cleanup. The live utility wire was 
deactivated and work began immediately to repair the damage. Special extrication 
equipment was brought in for the trapped occupants of Vehicle 1. 

Description 

Pre-Crash 

Vehicles 1 and 2 were westbound on Willow Road. Vehicle 1 was behind Vehicle 2. 
As Vehicle 1 came over the crest of the overpass across Bayshore Freeway it veered 
left and hit the median curb, and then veered to the right. Vehicle l's speed is 
estimated to have been 50-60 mph. Driver 2, seeing the erratic movements of 
Vehicle 1 in her rear view mirror moved to the right and slowed down. At this time 

Vehicle 3 was eastbound on Willow at a driver-estimated speed of 30-35 mph. 

Crash 

Vehicle 1 continued to veer right until it sideswiped Vehicle 2. Vehicle 2 

stopped, and Vehicle 1 swerved to the left and crossed the median, leaving centrifugal 

skid marks. Speed was calculated to be 58 mph. It impacted a utility pole on the 
south side of Willow and sheared it off at the ground. Then Vehicle 1 spun 

counterclockwise as seen from above, penetrated a chain link fence, impacted a 
steel sign pole, and came to rest with the sign pole imbedded in the right front 
door. Meanwhile, the utility pole fell in front of Vehicle 3, and Vehicle 3 
~mpacted the pole as it was almost horizontal and just below windshield height. 

The pole came to rest on the sidewalk. Upon impact with steel pole, Driver 1 
moved to the right hitting his head on the right A-pillar with the pole behind it. 
This caused a fracture and brain damage with hemorrhage and intercranial pressure 
which led to death. The right front passenger received fractures from contact 
with the right door area and pole impact. 

Post-Crash 

Driver 3 stopped his vehicle in the street. An unknown witness called police, 
who arrived and requested ambulance and fire-rescue units. The occupants of 

Vehicle 1 were removed with difficulty. Driver 1 was pronounced dead at the 
hospital. The right front passenger was taken to the hospital. Tow trucks removed 

Vehicles 1 and 3. Vehicle 2 was driven away. 
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Causal Factors, Conclusions and Recommendations 

Matrix Element Diagram 

The following diagram defines the numbering system used in the following 
matrix element description. 

Human 

Vehicle 

Environmental 

Matrix Element Description 

Matrix Cell No. 
(* indicates positive factor) 

Accident Causation 

1 

1 

1 

1 

Injury Causation 

5 

2 

Pre-Crash 

1 

4 

7 

Accident 
Avoidance 

Crash 

2 

5 

8 

Injury 
Prevention 

Explanation 

Primary or Principal Causes 

Post-Crash 

3 

6 

9 

Restoration 
and Cleanup 

Driver 1 lost control of Vehicle 1 (definite) 

Driver 1 was drunk (BA 0.26 gms%) (definite) 

Severity Increasing Factor 

Driver 1 did not or could not release his foot 
from the accelerator pedal (possible) 

Relevant Condition 

Right front passenger did not know how to 
drive and could not try to bring the car under 
control (definite) 

Multiple impacts caused car to bend and crush 
toward occupants (definite) 

If used restraints might have prevented some 
injuries received during the first and possibly 
second POi's (possible) 
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Matrix Element Description (Continued) 

Matrix Cell No. 
(* indicates positive factors) 

Injury Causation (Continued) 

8 

Post-Crash Factor 

Recommendation 

1 

Explanation 

Impact with shopping center non-breakaway 
steel pole resulted in severe injuries 
(definite) 

Special extrication equipment was available 
to remove the right front passenger (definite) 

Accidents such as this may be prevented by 
equipping vehicles with ignition interlock 
systems designed to detect the alcohol 
impaired driver. Further development and 
implementation of interlock systems s hould 
be encouraged . 
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Ident ification 

Stanford Research Institute Multidisciplinary 
Accident Investigation Team Case SRI 2-035 

I CASE SUMMARY 

(Car/Car - Headon) 

This accident occurred on Lawrence Expressway, 0.2 miles south of Duane Avenue, 
Sunnyvale, California, open roadway, light industry and pasture, April 13, 1973, 

* Friday, 1343 hours, 2 cars - headon, fatal AIS 8. Vehicle 2 crossed the median and 
collided with Vehicle 1. Figure 1 is a plan view of the accident scene. 

Ambience 

Day, 62°F, 56% relative humidity, wind from west at 10-14 mph, good visibility, 
dry pavement. 

Highway 

Lawrence Expressway is 121' wide, 6 lanes plus southbound right exit only lane, 
curbs and raised dirt median 17' wide, asphaltic concrete, 8' wide paved shoulders 
and curbs on west side of southbound lanes and east side of northbound lanes, 
s t raight, slight crown, no accesses and 4 poles per 1/4 mile for Vehicle 1 southbound 
approach, and 1 road, 2 driveways, and 16 poles and trees per 1/4 mile for Vehicle 2 
northbound approach. Accident history: 1970, 4; 1972, 3 (1 injury producing). 
Average daily traffic: 32,740 (1968) both directions. 

Traffic Controls 

Speed limit 50 mph, lanes separated by broken white lines, southbound right 
exit lane separated by broken white lines of shorter length than lane lines, solid 
white lines separate lanes from shoulders, double yellow lines adjacent to median. 

Vehicles 

Vehicle 1, car, 1973 Ford LTD, 2-door, blue, hardtop, 1,675 miles on odometer, 
no inspection sticker, power steering and brakes, padded dash, sunvisors, upper torso 
and lap restraints, head restraints (down on seat top), no defects, no maintenance 
sticker. 

* States, J.P., "The Abbreviated and Comprehensive Injury Scales," Proceedings of the 
Thirteenth Stapp Car Crash Conference, Society of Automotive Engineers, Inc. 
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Damage: Front bumper torn off, front end crushed 24 inches, hood buckled, 
right roof side rail, and right B am C pillars distoi-ted, windshield cracked, battery 
case broken, right front suspension bent, right front wheel bent. fnterior d•~•~e: 
steering wheel rim bent, steering column EA collapsed 0.5 inc)l. enc* 11-FDEW-3 

~ 

Vehicle 2, car, 1965 Ford Mustang, 2-door, blue, hardtop, 6~milea on odometer, 
power s t eering, padded dash, lap restraint, no known defects, routine ~ntenance 
and brake work November 16, 1972, at 56,297 miles. ~ 

""'""' Damage: Entire front end of car broken off at firewall, severe int~sion of, 
right toepan and right door into passenger compartment, rear axle damaged on rig~t 
side. CDC 02-RDAW-3 

Occupants 

Driver 1, female, 33 years old, 65-1/2 inches tall, 120 lbs, married, 2 years of 
college, living in area 13 years, occupation: manager fashion style firm, pastime 
camping, trip plan United Parcel Service to home, no ETA, total distance 8-1/2 miles, 
accident occurred 2 miles from origin, 17 years driving experience, 10,000 miles per 
year, drives route 2-3 times per week, case vehicle owned two weeks, driven about 800 
miles, wears contact lenses, general feeling of well being - happy. Lap restraint 
worn. 

Injuries: Probable cerebral concussion; multiple contusions on left face, left 
chest, left inside upper arm, right elbow-foreai,n, right palm of hand, right and left 
abdomen, right and left knees and front of legs; lacerations left upper and lower 
orbicularis oris muscle, front teeth loosened. AIS 2. 

Center front passenger, Vehicle 1, male, 2-1/2 years old, 38-3/4 inches, 33 lbs., 
son of Driver 1. Lap restraint worn. 

Injuries: blow to frontal area of forehead probably resulting in cerebral 
concussion; contusions across abdomen; probable intestinal contusions; abrasions 
on right hand. AIS 2. 

Driver 2, female, 49 years old, 6611
, 242 lbs., married, occupation cook, driving 

experience unknown but presumed just learning (temporary driver's license), trip plan 
possibly from driver's home to driving around, driver's home and nearby place of work 
2-3/4 miles from accident site, vehicle probably unfamiliar (vehicle registered to 
passenger), area and road probably unfamiliar, driver education and training unknown, 
physical and mental condition unknown (partially digested food in stomach indicates 
recent meal), blood alcohol and other dru1 tests negative, restraints not used. 

* Collision Deformation Classification, Society of Automotive Engineers Technical 
Report J224a. 

E-222 



SRI 2- 035 

Injuries: multiple rib fractures, lung contusions, bilateral hemothorax, sternal 
fracture, lacerated liver, ~• scalp laceration, ~• right leg laceration, abrasions 
and contusions right shoulder area near neck and right upper outer arm, abrasion 
right upper outer leg and right knee, abrasion near left thumb, swollen right hand. 
Died 4 hours after accident. AIS 7, fatal. 

Vehicle 2 , Right Front Passenger, female, 37 years old, 62", 145 lbs., res t raints 
no t used . 

Injuries: multiple rib fractures, right lung partial collapse, lung con t usion , 
bilateral hemothorax, lacerated liver, lacerated spleen, ruptured right diaphragm, 
ruptured pericardium, lacerated inferior vena cava in abdomen near sacrum, lacerations 
and abrasions on forehead and left face under chin, left neck, front upper teeth 
fractured, abrasions left shoulder near neck, left chest, abrasions and lacerations 
right arm dorsal surface, lacerations right elbow and right upper forearm, dorsal 
righ t thigh, abrasions right knee and both ankles. AIS 8, fatal. 

Standards 

The following Motor Vehicle Safety Standard (MVSS) was specifically relevant 
to this case: 

MVSS 20s*. Occupant Crash Protection. Occupants in Vehicle l were wearing lap 
restraints which lessened injuries by retaining them in their seats. Use of detachable 
upper t orso restraints would have lessened injuries more. 

Description 

Pre-Crash 

Vehicle 1 was southbound in lane S3 at a driver estimated speed of 50 mph. 
Vehicle 2 was northbound, possibly in lane N2, speed unknown. For some unknown reason 
Vehicle 2 crossed the median without leaving skid marks . Driver 1 saw a "flash of 
blue" (Vehicle 2) but did not take evasive action. 

Crash 

Vehicle 1 impacted Vehicle 2 right front corner to right front corner, as shown 
in Figure 1. The impact partially tore the front end of Vehicle 2 off at the firewall. 
Then Vehicle 1 impacted the firewall and right A-pillar of Vehicle 2 causing severe 
intrusion into the passenger compartment. Vehicle 1 continued to slide along the 
right side of Vehicle 2, pushing in the door, rear quarter area, and damaging the 
right rear wheel and rear axle. The impacts caused Vehicle 1 to rotate counterclockwise 
and Vehicle 2 to rotate clockwise, as viewed from above. At initial impact, lap 
restrained Driver 1 hit her left chest on the steering wheel and her left check on the 
dash. The column collapsed slightly and her knees contacted the dash. Lap restrained 
center front passenger hit his forehead on the dash cowling. 
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Driver 2 impacted the steering wheel dash and windshield receiving fatal chest 
injuries, lacerated liver and acalp laceration. The right front passenger received 
the blow of the right aide intruaion receiving fatal chest and abdominal injuries, 

As Vehicle 2 oa~e to reat the ri1ht front pa•••nger was partillly ejected, her 
feet remaining in the vehicle, 

Post-Crash 

A witness traveling behind Vehicle 1 was able to stop within 20 ft of Vehicle 1. 
Driver I remained in her car but called for help, Driver 2 was extricated from 
Vehicle 2 after rescuers cut the ateering column on the engine aide of the firewall. 
Driver 2 was taken in the ambulance with the Vehicle 1 occupants to the hospital 
where she died 4 hours later of chest injuriea, The right front passenger was 
declared dead at the scene, A dead dog was removed from Vehicle 2 by animal control 
personnel. Vehicle 1 was towed from the scene. Vehicle 2 wa• removed in 2 pieces. 
Fire trucks hosed down the area. 

Causal Factors and Recommendations 

Matrix Element Diagram 

The following diagram defines the numbering system used in the matrix element 
deacription. 

Human 

Vehicle 

Environmental 

Pre-Crash 

1 

4 

7 

Accident 
Avoidance 
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Crash 

2 

5 

8 

Injury 
Prevention 

Post-Crash 

3 

6 

9 

Restoration 
and Cleanup 



Matrix Element Description 

Matrix Cell No. 

(* indicates positive factors) 

Accident Causation 

1 

1 

1 

7 

Injury Causation 

5 

2* 

2 

2 

Post-Crash Factors 

9* 

SRI 2-035 

Explanation 

Primary or Principal Cause 

Vehicle 2 crossed median into opposing traffic 
(definite) 

Severity Increasing Factor 

Driver l did not see Vehicle 2 in time to take 
avoidance measures (definite) 

Relevant Conditions 

Driver 2 was inexperienced (learning to drive) 
(probable) 

Median design did not prevent vehicle crossover 

(definite) 

Initial corner-to-corner impact caused Vehicle 2 engine 

compartment to separate from body, which allowed 

Vehicle 1 to impact Vehicle 2 expos~d A-pillar and 
adjacent firewall; this caused severe occupant 

injury (definite) 

Occupants of Vehicle 1 were wearing lap restraints 

(definite) 

Driver 1 not wearing available shoulder restraints 

(definite) 

Occupants of Vehicle 2 not wearing available 

restraints (definite) 

Another driver was able to stop before impacting 

Vehicles 1 and 2 (definite) 

Fire trucks hosed down area (definite) 
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Matrix Element Description (Continued) 

Matrix Cell No. 
(* indicates positive factor) 

Post-Crash Factors 

6 

6 

Recommendation 

5 

5 

Explanation 

Vehicle 2 body was hoisted up by tow truck and 

fuel leaked out (definite) 

Vehicle 2 steering column was cut at firewall to f ree 
trapped driver (definite) 

This accident suggests that unitized body 

vehicles should be evaluated for retention of 

structural integrity and occupant protection 
in certain accident configurations 

The problem of damage inflicted by large, heavy 

vehicles to smaller, lighter ones in collisions should 
be studied in light of projections of the automobile 

populations in the future. 
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Identification 

Stanford Research Institute Multidisciplinary 
Accident Investigation Team Case SRI 2-036 

I CASE SUMMARY 

(Car/Car--Rear End) 

This accident occurred on Quarry Road 185' south of the intersection with 
Arboretum, Palo Alto, California, open roadway, adjacent to shopping and professional 
area, May 4, 1973, 1154 hrs., Friday, 2 cars--rear end, IP (injury producing) 
AIS* 1. Driver 1 was thinking about things, realized Vehicle 2 had stopped, applied 
brakes, but impacted rear of Vehicle 2. Driver 1 complained of pain in chest and 
abdominal areas. Figure 1 is a plan view of the accident scene. 

Ambience 

Day, 60°F, wind 6-10 mph gusty SSW, scattered clouds, bright and clear, dry 
pavement. 

Highway 

Quarry Road is a local road, 43' wide, three lanes in area of accident, 
asphalt, 3' concrete gutter and concrete c~rb both sides, straight, about 6 accesses 
and 30 poles and trees per 1/4 mile before accident site. Accident history of 
location: 1969, 2; 1970, 2; 1971, 0; 1972, 3; total 1969-72, 7. 

Traffic Controls 

Speed limit 25 mph, north- and southbound lanes separated by double yellow 
line and amber reflectors, two northbound lanes separated by white paint spots, 
intersection with Arboretum 185' north of accident site. 

Vehicles 

Vehicle 1, car, 1972 Ford Pinto 2-door, white with green vinyl roof and green 
t rim, coupe, 11,673 miles on odometer, no inspection sticker, no power components, 
padded sunvisors, upper and partial lower dash, padded arm rests and horn button, 
lap and upper torso restraints equipped, integral head restraints, no defects noted, 
routine maintenance at 6,131 miles on January 13, 1973. 

* States, J.P., "The Abbreviated and Comprehensive Injury Scales," Proceedings of 1.he 

Thirteenth Stapp Car Crash Conference, Society of Automotive Engineers, Inc. 
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Damage: Front from right of left headlight across to vehicle right, pushed 

in 6", top right of radiator pushed back 4" from vertical, right headlight broken, 

induced buckle on right front fender above right front wheel. coc* 12-FZEW-l. 

Vehicle 2, car, 1968 Plymouth Custom Suburban, 4--door, white, station wagon, 
76,830 miles on odometer, no inspection sticker, power brakes and power steering, 

padded dash and sunvisors, lap and upper torso restraints, no head restraints, 

no defects noted, routine maintenance at 71,063 miles on September 26, 1972. 

Damage: 1/~ ' depression in tailgate and center of bumper pushed in 1/ ~' 

sufficient to jam tailgate so that it would not open: CDC 06-BYEW-l. 

Occupants 

Driver 1, 20-year-old female, 6~', 140 lbs., occupation student nurse and 

nursing assistant, 3 years driving experience at 12,000 miles per year, t rip plan 
working in hospital nursing (nursing class) to home, a total of 19 miles, ETD 1140, 

ETA 1210, collision occurred 3/ 8 miles from hospital, owned and driven vehicle 
9 months, drives acciden t route twice per week (Wednesday and Friday) attending 

class, driver education in high school including use of simulator at age 16 (sophomore 

year), physical and mental condition good, lap restraint worn snugly (doesn't know how 

to "work" the upper t orso restraint). 

Injuries: sore chest, bruise at left ovary from seat belt (according to 
doctor) . AIS 1. 

Driver 2, 29-year-old female, 6~', 140 lbs., married with 2 children, 20 yrs 
schooling, occupation anesthesiologist, hobbies camping, gymnastics, tennis, 

photography; trip plan work to home via baby sitter, ETD 1140 hrs, no ETA, driver 
education from driver education instructor (father), accident occurred 2 blocks from 

origin, 3 miles from destination, 13 yrs driving experience, familiar with area and 
route, drives route 3 times/week, could not estimate annual mileage, owned case 
vehicle 4-1/ 2 yrs, no physiological or psychological problems, lap restraint worn 
snugly. 

Injuries: none 

Standards 

The fo llowing Motor Vehicle Program Standard was specifically relevan t to this 
case: 

MVSS 208. Occupant Crash Protection. Driver 1 did not know how to use upper 
torso restraint. Driver 2 complained of poor design of upper torso restraint. 

Standard does not encourage use of upper torso restraint. 

* Collision Deformation Classification, Society of Automotive Engineers Technical 
Report J224a. 
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Description 

Pre-Crash 

Driver 1 had left hospital en route home at calculated speed of 21 mph and 

was thinking about what she was going to do when she arrived. Driver 2 had left 

work and was on her way to baby sitter. She stopped behind several cars at 

intersection. She had her foot on the brake. Driver 1 was going to turn right at 
t he intersection and noted that Driver 2 ahead had stopped. Driver 1 applied her 
brakes locking the right rear wheel which left 15' of skid marks; the front wheels 

locked leaving 12' LF and 8' RF skid marks. Driver l put up her right hand to keep 
her head from hitting. 

Crash 

Vehicle 1 from the front at the right side of vehicle to right of the left 
headlight impacted rear of Vehicle 2 to right of its center at calculated 9 mph. 
Vehicle 1 front was pushed in 6" damaging the radiator. Vehicle l's bumper underrode 
Vehicle 2's bumper. Damage to Vehicle 2 was extremely minor, but sufficient to jam 

the tailgate. Lap belted Driver 2 moved forward upon impact hitting her chest on 
the steering wheel but did not collapse the column. She received a contusion in 
the area of the left ovary from the lap belt, according to her doctor. 

Post-Crash 

Driver 1 immediately backed up her car and parked at the curb to get out of 
traffic. Driver 1 exited and went up to the other car to see if Driver 2 was all 

right. Driver 2 noticed Driver 1 holding her abdomen, so she told Driver 1 to sit 
down and then she went across the street to call the police . Police arrived and 

took statements. Tow truck removed Vehicle 1 and Driver 2 drove Vehicle 2 home. 

Driver 2 telephoned a friend to pick her up. 

Causal Factors and Recommendations 

Matrix Element Diagram 

The following diagram defines the numbering system used in the matrix element 

description. 

Human 

Vehicle 

Environmental 

Pre-Crash 

1 

4 

7 

Accident 

Avoidance 
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Crash 

2 

5 

8 

Injury 

Prevention 

Post-Crash 

3 

6 

9 

Restoration 

and Cleanup 



Matrix Element Description 

Matrix Cell No. 
(* indicates positive factor) 

Accident Causation 

1 

l* 

1 

5 

Injury Causation 

2 

Recommendations 

4 

2 

1 • 

SRI 2-036 

Explanation 

Primary or Principal Cause 

Driver 1 was inattentive and did not notice 

Vehicle 2 stopped (definite) 

Severity Increasing Factors 

Driver 1 braked attempting to slow vehicle 

when she saw accident was imminent (definite) 

Relevant Conditions 

Driver 1 was preoccupied with thoughts (definite) 

Vehicle 1 front bumper underrode Vehicle 2 

rear bumper causing damage to Vehicle 1 cooling 
system (definite) 

Driver 1 used lap restraint only allowing 
chest to hit steering wheel; she claimed she 

did not know how to use upper torso restraint 
(definite) 

Integral, nondetachable, comfortable upper torso 
restraints should be designed for vehicles 

Drivers should be shown how to use upper torso 

restraints when vehicle is purchased. 

Problem of driver inattention should be studied 

E-232 



t:z:1 
I 
N 
l,.) 
l,.) 

3' 

17' 

10' 

WH ITE PA INT SPOTS ! . . - - - - . . -
10' 

POSITION TO 

MOVED vrn,m ' 

LIGHT 
0 POLE xi'" 

CURB 

GUTTER 

QUARRY ROAD 

12' LF 
SKID 

OO UBLE YELLOW 

r------- /POI 

: ' . 7"' • • • 
~ - NN/////////// J 1 r:r-------------

- - ~.,,; _"'~j/N /0////N/// i; 
15' RR/ ---~ .,,.,,,,.,,,,.,,,/ 

I 

0 'I POR 2 I VEH IC LE 2 
.;,.. ,, ·, 

/ 

DEBR IS 

I 

GUTTER ••j WHICH DR IVER 1 I 
13' 

~ 6' 

t 
----- --+-------~-------D-1-RT _____ _ 

CURB 

m 
ASPHALT SIDEWALK 7' 

0 5 10 

Lu..u 

SCA LE IN FE ET 

SRI 2-036 

ROAD CHARACTERISTICS 

Grade None 

Crown Slrghl 

Supere levat ,on None 

POI 185' 
FROM 

• ARBORETUM ­
ROAD 

FIGURE 1 COLLISION DIAGRAM 

W1 

E2 

El 



. 



Identification 

Stanford Research Institute Multidisciplinary 
Accident Investigation Team Case SRI 2-037/38 

I CASE SUMMARY 

(Six Cars - Loss of Control/Rear End) 

This accident occurred on Stevens Creek Boulevard just before the intersection 
with Portal Avenue, Cupertino, California, business fringe area, May 4, 1973, 

* 1355 hrs , Friday, 6 cars- -loss of control/rear end, IP (injury producing) AIS 2 . 
Driver l blacked out allowing Vehicle 1 to impact Vehicle 2, then moved to adjacent 
lane and impacted Vehicle 5; Vehicles 2 and 5 impacted Vehicles 3 and 6; Vehicle 3 
impacted Vehicle 4. Figure 1 is a plan view of the accident scene. 

Ambience 

Day, 65°F, wind from west at 5-10 mph, roadway dry. 

Hi ghway 

Stevens Creek Boulevard is an arterial, approximately 100' wide, 6 lanes with 
left turn only lane eastbound , 4' wide raised median with rocks, asphaltic concrete 
road surface, concrete barrier curbs, 2' wide concrete gutter adjacent to curbs, 
2 ' wide packed dirt strip on south side of street adjacent to curb, straight, 
9 driveways, 1 street, and 15 poles/trees on south side of street 1/4 mile before 
accident site. Accident history: 1971, 3; 1972, 7 (1 IP); Jan-April 1973, 2 (1 IP). 
Average daily traffic 28,600 vehicles, both directions. 

Portal Avenue is a 32' wide two lane road. No other data gathered because 
accident occurred before the intersection. 

Traffic Controls 

Speed limit on Stevens Creek 45 mph, lanes delineated by broken white lines, 
eastbound through lanes separated from left turn lane by solid white line, word "ONLY" 
and arrow indicating left turn painted in lane, aolid white limit line at intersection, 

* States, J.P., "The Abbreviated and Comprehensive Injury Scales," Proceedings of 
t he Thirteenth Stapp Car Craah Conference, Society of Automotive Engineers, Inc. 
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Signal• are semi-traffic actuated returning to Stevens Creek: on Stevens Creek, 
initial green 15 sec., vehicle interval 5 sec., maximum green 40 sec., yellow 
3.5 sec; Portal Avenue, initial green 6 sec., vehicle interval 4 sec., maximum 
green 30 1ec,, yellow 3 sec.; Stevens Creek left turn phase, initial 4 sec., vehicle 
extension 4 sec., maximum green 30 sec., yellow 3 sec.; Portal pedestrian crossing, 
initial WALK 6 sec., flashing DON'T WALK 22 1ec. 

Vehicle• 

. Vehicle 1, car, 1973 Plymouth Duster, 2-door, gold, hardtop, 2,064 miles on the 
odometer, manufactured 2-73, no inspection sticker, no power accessories, padded 
dash and sunvisor1, lap and upper tor10 restraints, head restraints, no known 
defects, no routine maintenance (new car). 

Damage: front end pushed in approximately 4 in., right front bumper pushed 
back 7-1/4 in., right front fender pushed in and buckled,windshield cracked, 
dashboard dented. coc• 12-FDEW-l. 

Vehicle 2, car, 1970 Austin America, 2-door, green, seda~ 24,759 miles on 
odometer, manufactured 11-69, no inspection sticker, no power accessories, padded 
sunvisors, dash, lap and upper torso restraints for front seats removed prior to 
accid nt, head reatraints in place, no known defects, routine maintenance (oil 
change, etc.) perfoJ'ffled by friend two months prior to accident. 

Damage: Front end pu1hecl in 7 inches, rear end pushed in 6 inches, windshield 
crack d, 1te ring wheel bent, CDC 12-FDEW•2 (primary), 06-BYEW-l (secondary). 

V hicl S, c r, 1968 Ch vrolet Impala Custom, 2-door, light blue over dark 
blu ·, hardtop, 59,491 mile1 on odomet r, no inspection sticker, power steering, 
padded desh nd 1unvi1or1, lap restrainta, no known defects, routine maintenance 
at· 57,672 111Ue1 (dat unknown). 

D mag: ar nd pu1hed in 6 in., one taillight lens broken, front end pushed 
in 8 in, CDC 06-BDEW•l (pri111ary), 12•FDEW-l (1 condary), 

V hicl 4, car, 1972 Ford LTD Country Squire, 5-door, blue and simulated wood, 
tation w gon, 23,936 miles on odometer, no inspection sticker, power steering and 

brak s, padd d da1h and sunvisors, lap and upper torso restraints, head restraints, 
no known def ct1, routine maintenance at 8,152 miles on September 28, 1972 and 
18,000 mil checkup around February (no sticker noted). 

Damage: 3 in, dent in rear tailgate/door cau1ing door and power window to 
jam; 2 in, dent in tailgate 3 ft. to left of other dent. CDC 06-BYEW-l . 

• Collision Deformation Classification, Society of Automotive Engineers Technical 
Report J224a. 
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Vehicle 5, car, 1968 Buick GS California, 2-door, black vinyl over white, coupe 
41,007 miles on odometer, no inapection sticker, power steering, padded dash and 
sunvisors, lap and upper torso restraints, no head restraints, no known defects, 
routine maintenance at 27,384 miles on November 23, 1972. 

Damage: 
back, point 
right door. 

rear end pushed in 16 in., front corner of right front fender pushed 
of center hood pushed back, right front fender pushed back jamming 

COC 06-BDEW-2 (primary), 12-FZEW-l (secondary). 

Vehicle 6, car, 1970 Plymouth Roadrunner 383, 2-door, green, hardtop, 
54,967 miles on odometer, inspection sticker (expires June 30, 1973), power 
accessories unknown, head restraints, lap and upper torso reatraints, no known defects , 
maintenance unknown. 

Damage: small dent in rear trunk above license plate, some white paint 
transfer on left end of rear bumper. CDC 06-ICEW-l. 

Occupants 

Driver 1, 70-year-old male, 69", weight estimated at 185 lbs., 58 years driving 
experience now averaging 6,000 miles per year, trip plan home to insurance claims 
agent to have recently damaged vehicle appraised, distance of 5-1/4 miles, ETD 
and ETA unknown, collision occurred 2-1/2 miles from home, purchased Vehicle l new1 

February 25, 1973, 2 months prior to the accident, had driven most· of its 2,064 
miles, drives accident route about two times per week, learned to drive "out at 
the farm" in Canada at age 12, physical condition unknown (one blackout episode 
two months prior, cause unknown), mental condition somewhat unhappy (wife died two 
years prior and still not well adjusted) and possibly affected by old age, appeared 
very confused and told conflicting stories earlier in the day to persons who spoke 
with him, possible physical and mental blackout just prior to accident, restraints 
not used (lap restraints hooked behind seat to prevent buzzer from working). 

Injuries: superficial laceration in left forehead, blow to jaw in middle 
(hematoma), soreness and contusions in abdomen, concussion (unconscious). AIS 2. 

Driver 2, 25-year-old female, 61", 110 lbs., 3 years driving experience at 
unknown annual mileage (estimated by investigator at 9,000 miles per year from 
mileage on vehicle), trip plan old house to new house moving household goods, a 
distance of 3-1/2 miles, accident occurred 1-1/2 miles from destination, purchased 
Vehicle 2 new on September 17, 1970, 2-2/3 yrs. prior to accident, driven for 
24,759 miles, drives accident route daily around date of accident, high school 
driver education at age 17 including use of simulator, physical condition good but 
low blood sugar problem, mental condition good, restraints not used (had been 
removed from vehicle prior to accident). 
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Injuries: head sore at hairline in center, sore chest, contusion on anterior 
upper right arm, contusions on anterior upper right thigh, contusion anterior lower 
left leg, contusion medial left foot at arch, sore small toe left foot. AIS 1. 

Right Front Passenger, Vehicle 2, 4-year-old male, height and weight unknown, 
restraints not used (removed from vehicle prior to accident). 

Injuries: lacerations on head, cheek and mouth, contusions arms and legs. 
AIS 1. 

Driver 3, 36-year-old male, 72", 200 lbs., married, 10th grade education, 
occupation - machinist, hobbies - fishing and guitar playing, trip plan: ·origin -
friend's home, destination - home, purpose - visit friend~ however they were not 
at home, no ETA, trip distance 6-7 miles, accident occurred 3~4 blocks from origin, 
has driven 18 yrs at an average of 10,000-15,000 miles/year, drives route 5-6 
times a year, driven case vehicle 3 years and about 30,000 miles, no driver education, 
no physiologi~al problems, restraint system not in use. 

Injuries: contusions on both knees, stiff neck. AIS 1. 

Right Front Passenger, Vehicle 3, female, 36 years old, 59", 105 lbs, wife of 
Driver 3, no restraints used. 

Injuries: probable cerebral concussion, wrenched back, left leg twisted 
causing knee to become sore and black and blue. AIS 1. 

Driver 4, 40-year-old male, 69", 205 lbs., married with ·3 children, 12th grade 
education, occupation - postal clerk, also has newspaper dealership, hobby -
collecting foreign coins, trip plan origin work, destination bank, ETD 1:45 pm, 
ETA 1:52 pm, accident occurred about 1 mile from origin, 24 yrs driving experience 
at 29,000-30,000 miles/yr., drives route once per week, no driver education, owned 
case vehicle 11-1/2 mos., driven case vehicle 23,000 miles, no permanent or transient 
physiological problems, "feeling fine" day of accident. Restraint system .not in use. 

Injuries: "sprained neck" resulting in headaches and backaches. AIS 1. 

Driver 5, 31-year-old female, 64", 130 lbs., married with 2 children, 12th 
grade plus 1 yr cosmetology, occupation housewife, hobbies crocheting and swimming, 
trip plan origin hospital to visit relatives, destination home, ETD 1330 hrs., 
ETA 1500 hrs., total distance 24-1/2 miles, accident occured 6 miles from origin, 
16 yrs driving experience, SCAT estimated she drives 7,000 miles/year, high school 
driver education at age 16, drives route 1-2 times per month, owned case vehicle 
5 years, driven case vehicle about 23,000 miles, no permanent or transient 
physiological problems, no psychological problems, restraints not worn. 

Injuries: sore neck. AIS 1. 
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Driver 6, 46-year-old male, 71", 170 lbs., occupation detective sergeant 
Sheriff's Office, 30 years driving experience at 15,000 miles per year (driver 
uncertain of mileage; much is done during working hours due to occupation), trip 
plan from one investigation to another a total of 3-3/4 miles, accident occurred 
1 mile from destination, vehicle is assigned to driver since 1970, has put 46,000 miles 
on it , drives accident route about 3 times per week, learned to drive through trial 
and error, physical and mental condition good, restraints not used (never uses them) . 

Injuries: none 

Standards 

The following Highway Safety Program Standards (HSPS) and Motor Vehicle Program 
Standards (MVPS) were specifically relevant to this case: 

HSPS 5, Driver Licensing. Driver 1 apparently was driving with no license 
in possession and no record of a license could be found through the Division of 
Driver's License automated records system. When appearing before judge for violation, 
he produced a temporary license. 

MVPS 207, Anchorage of Seats. Vehicle 2 front seat latches to floor had been 
removed prior to accident allowing both front seats to pivot forward upon Vehicle 2 
impact with Vehicle 3 pushing Driver 2 and Right Front Passenger into dash and 
windshield. 

MVPS 208, Occupant Crash Protection. Vehicle 2 lap and upper torso restraints 
had been removed prior to accident. Driver 2 said they were very uncomfortable and 
she was going to have them replaced with better belts. Vehicle 1 lap restraints 
were hooked behind the seat to deactivate buzzer system; Driver 1 said his grandson 
~ooked them that way. Vehicle 4 lap restraints were belted tightly across the 
seat cushion to deactivate buzzer system. 

MVPS 301, Fuel Tanks, Fuel Tank Filler Pipes, and Fuel Tank Connections. 
Vehicle 5 fuel tank filler pipe was slightly moved at tank neck allowing slight 
leakage of fuel. 

Description 

Pre-Crash 

Driver 1 caused a sideswipe accident earlier in the day, damaging his vehicle. 
His story to ttat driver was that he had been to the dentist and received anesthesia 
prior to dental work. In the early afternoon he was en route to his insurance 
claims agent to report this accident when he blacked out. Driver l was probably 
travelling at 30 mph, calculated from rear end impact, in Lane El. Driver 2 was 
travelling at approximately 30 mph in Lane El, and slowing down for a yellow light 
and vehicle• at an intersection. Vehicles 3, 4, 5 and 6 were stopped at the light. 
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Crash 

Vehicle 1 impacted Vehicle 2 in the rear causing 6" crush to the rear of 
Vehicle 2. Unrestrained Driver l impacted the windshield. Driver 2 felt the impact, 
looked up and saw another vehicle ahead of her; she put out her right arm to keep the 
right fron t passenger from going forward. Vehicle 2 impacted Vehicle 3 in the 

6" " rear at approximately 25 mph causing crush to the rear of -Vehicle 3 and 7 
crush t o the front of Vehicle 2. Upon impact with Vehicle 3, the unlatched front 
sPat s of Vehicle 2 pivoted forward and both unrestrained occupants impacted the 
dashboard and windshield. Vehicle 3 impacted Vehicle 4 at approximately 9 mph 
causing 3" crush to the rear of Vehicle 4 and 8" cru11h to the front of Vehicle 3. 
The right front JBSSenger of Vehicle 3 impacted the windshield. Vehicle 4· was 
moved forward approximately 20', Driver 4received a sprained neck. 

In the meantime, Vehicle 1 had veered from Lane El to Lane E2 and impacted 
Vehicle 5 at approximately 25 mph causing 1611 crush to the rear of Vehicle 5 
and additional crush to the right front area of Vehicle 1. Driver S's head went 
back causing a sore neck. Vehicle 5 was pushed forward into Vehicle 6 causing only 
a very minor dent in the rear trunk lid of Vehicle 6 and about 5" crush to the 
right front fender of Vehicle 5. Driver 5 came forward , her left knee hitting 
the steering column. Driver 6 barely felt the impact. He had noticed the collision 
between Vehicles 1 and 5 in his rearview mirror. 

Post-Crash 

Driver 6, a detective sergeant, radioed in the accident and requested an 
ambulance. He left his car in place, got out, passed Driver 5 and told her not 
to move, walked back to Vehicle 1 and saw Driver 1 passed out, An ambulance arrived 
and two sheriff's units. Driver 6 helped three other persons remove Driver 1 from 
right door and place him in ambulance. Flares were placed at the scene. Driver 2 
remained in the vehicle keeping the right front passenger calm. People helped 
them out the right door and put them into an ambulance. Driver 3 pulled his right 
front passenger from the floor to the seat and then got out and checked Driver 1. 
He went over to Vehicle 2 and saw that Driver 2 was all right and then returned to 
his car. Driver 4 got out of his car to see what had happened, got back in and moved 
his car across the intersection to the side of the road. He walked back and asked 
if Driver 3 were all right. He then assisted putting Driver 1 into the ambulance. 
Driver 3 backed his car next to the curb. Driver 5 exited through left door to 
check the damage. She talked to a deputy who called communications to have Driver 3's 
husband notified of the accident. She drove her car to the curb. Vehicles 6, 3, 
and 4 were driven from the scene. Vehicles 1, 2, and 5 were towed. Debris was 
swept up. During this time traffic was routed around Lanes El and E2. 
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Causal Factors, Conclusions and Recommendations 

Matrix Element Diagram 

The following diagram defines the numbering system used in the following matrix 
element description. 

Human 

Vehicle 

Environmental 

Matrix Element Description 

Matrix Cell No. 
(* indicates positive factor) 

Accident Causation 

1 

7 

1 

1 

Pre-Crash 

1 

4 

7 

Accident 
Avoidance 

Crash 

2 

5 

8 

Injury 
Prevention 

Explanation 

Primary or Principal Causes 

Post-Crash 

3 

6 

9 

Restoration 
and Cleanup 

Driver 1 blacked out and lost control of his 
car. (definite) · 

Severity Increasing Factor 

Four vehicles were waiting at and one approaching 
a stop light and were rear ended (definite) 

Relevant Conditions 

Driver 1 may have had some type of drug (perhaps 
at dentist's office) which affected his driving 
about 4 hours prior to accident (possible), 
which led to an accident about 1000 hrs. on 
morning of case accident (definite) 

Driver 1 had had one blackout episode two 
months prior to accident (probable) 
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Matrix Element Description (Continued) 

Matrix Cell No. 
(* indicates positive factor) 

Injury Cauaation 

2 

5 

5 

Recommendations 

1 

1 

4 

Explanation 

Driver 1 was not wearing restraints (they were 
belted behind the seat to deactivate buzzer 
system) (definite). No vehicle occupants were 
wearing restraints; use of restraints in 
Vehicle& 1, 2, and 3 would have prevented the 
minor reaulting injuries (definite) 

Vehicle 2 reatraints had been removed prior to 
accident (definite) 

Vehicle 2 seat latches were missing allowing 
front bus-type seats with occupants to pivot 
forward (definite) 

Drivers receiving medication (such as at dentist's 
office) should be warned of effect on driving . 

Old age drivers should be evaluated for medical 
probiems and driving ability periodically. 

Some form of convenient transit system for 
persons unable to drive should be available. 
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Identification 

Stanford Research Institute Multidisciplinary 

Accident Investigation Team Case SRI 2-039 

I CASE SUMMARY 

(Car/Car - Lateral) 

This accident occurred at the intersection of Allerton St. and Alden St., 

Redwood Cit~, California, intersection, residential, May 31, 1973, 1330 hrs., Thursday 
2 cars - lateral, IP (injury producing) Ars* l. Vehicle 1 was westbound and Vehicle 2 
northbound, both approaching the uncontrolled intersection. Vehicle 1 impacted 
Vehicle 2. Figure 1 is a plan view of the accident scene. 

Ambience 

0 
Day, 82 F, 48% relative humidity, winds from the east at 4-7 mph, pavemen t 

dry. 

Hi ghway 

Alden St. is 40' wide east of the intersection and 55' wide west of the 
intersection, two lanes of travel, unmarked, asphaltic concrete, concrete g u tter a nd 
sidewalk curb on both sides, straight, 14 poles and trees and 11 accesses on bot h 
siaes of the street in the last 1/10 mile traveled by Vehicle 1. 

Allerton St. is 56' wide south of the intersection and. 40' wide north of t he 

intersection, two lanes of travel unmarked, concrete curbs and gutter and sidewalks 

on both sides , rain drain_age dip in roadway north of intersection across width of 
street, straight, 25 poles and trees and 8 accesses in the last 1/ 10 mile traveled 

by Vehicle 2. 

The accident history of the intersection shows one accident in the las t three 

years (according to city traffic engineer). Average daily traffic is less t han 600 

vehicles per day . 

* 
States, J.P., "The Abbreviated and Comprehensive Injury Scales," Proceedings of 

the Thirteenth Stapp Car Crash Conference, Society of Automotive Engineers, Inc. 
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Traffic Controls 

The speed limit is unmarked and assumed 25 mph due lo residential area, the 

opposing traffic lanes are not delineated, yellow XING before intersection and solid 
yellow lines delineating crosswalks both east of intersection and single solid yellow 
line west of intersection, There are no other traffic control devices at the 

intersection. 

Vehicles 

Vehicle 1, car, 1962 Chevrolet Chevy II 300, 4-door, beige, sedan, 131,000 
miles on the odometer, partially removed inspection sticker from State of Kentucky, 

date unknown, no power accessories, no padded components, no restraints, front 
tires bald on inside with 2/32 in. tread on rest of tire, unrepaired body damage 

from previous accidents, no gas cap, left sunvisor missing, extreme deterioration 
of vehicle interior (upholstery, etc.), no lubrication sticker but driver claimed 

engine work done by self two months prior to accident. 

Damage: Front end, bumper and grille pushed in, maximum crush 14 inches at 
left end of front bumper, radiator pushed back, dents in dashboard, parking brake 
handle broken, front seat tracks damaged. enc* 11-FDEW-2 

Vehicle 2, car, 1973 Ford Gran Torino, 4-door, green, sedan, 354 miles on the 

odometer, no inspection sticker, power steering, padded dash, sunvisors, arm rests, 

lap and upper torso restraints, head restraints, no known defects, no routine 
maintenance (new car). 

Damage: Small dent in right front door, greater damage to right rear door and 

r~ght C-pillar, maximum crush 11 inches, no interior damage due to occupant contact. 
CDC 02-RZEW-3 

Occupants 

Driver 1, 23-year-old male, 73", 165 lbs., married, unemployed (formerly mechanical 
assembler, janitor and utility man), approximately 2 years driving experience at 
10,000 to 12,000 annually, trip plan unknown (driver would not ~ay on lawyer's advice), 
driven vehicle 6 months, mileage unknown, drives route about once per year, driver 

education in junior high school in Kentucky, physical and mental condition unknown, 
restraints not used. 

Injuries: left side forehead received contusions. AIS 1 

Vehicle 1, front center passenger, 5-year-old female, height and weight unknown, 
restraints not used. 

Injuries: lacefations over left eye and on nose. AIS 1. 

* 
Collision Deformation Classification, Society of Automotive Engineers Technical 
Report J224a. 
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Vehicle 1, right front passenger, adult male, height and weight unknown, 
restraints not used, 

Injuries: lacerations on head. AIS 1. 

Vehicle 1, rear seat passengers,adult male, adult female and child of unknown 
sex, heights and weights unknown, restraints not used. 

Injuries: none. 

Vehicle 2, driver, male, 54 years old, 70" , 1 75 lbs. , married , MBA degree, 
occupation - branch manager of national advertising firm, hobby"collecting certain 
i terns," trip plan: origin car dealer to pick up license plates, destination work, 
ETD about 1245 hours, no ETA, trip distance 1.7 miles, accident occurred 1.0 miles 
from origin, no driver education, driving 36 years, averages 20,000 miles/ year, 
driven case vehicle 11 days and 354 miles, drives route 2 times/ year, no previous 
accidents, 2 traffic citations, ingested 1 Singoserp in early morning for high blood 
pressure, wears glasses, had just finished eating lunch. Lap restraint worn. 

Injuries: none 

Standards 

The following Highway Safety Program Standard (HSPS) was specifically relevant 
to this case: 

HSPS 13, Traffic Engineering Services. Consideration of some traffic control 
for this uncontrolled intersection should be made. 

Description 

Pre-Crash 

Vehicle 1 was westbound at an estimated speed of 30 mph. Vehicle 2 was 
northbound at an estimated speed of 20 mph. As- Driver l approached the intersection 
he noticed Vehicle 2 to his left and applied his brakes leaving 17' of skid marks. 
Driver 2 saw Vehicle lout of the corner of his eye but took no evasive action. 

Crash 

Vehicle 1 impacted Vehicle 2 in the right rear door causing 14" crush to the 
front of Vehicle 1 and 11" crush to the right rear of Vehicle 2. Upon impact, 
occupants in Vehicle 1 came forward, Driver l hitting his left forehead; the 
center front passenger hitting her head on the dashboard. The right front passenger 
received lacerations on his head. The rear seat passengers came forward and pushed 
forward the front seat back on the right side. The rear seat cushion came loose. 
Driver 2 received no injuries. 
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Vehicle 1 pushed Vehicle 2 laterally causing- it to swing- in an arc with I.he 
frame forward of the left rear wheel gouging the pavement and the le [t front wheel 

0 
gouging the pavement. It continued to turn a total of 200 , slowed, and then rolled 
forward 15' and came to a stop. Vehicle l rotated 900 and came to a ~top. 

Post-Crash 

Driver 2 turned off the ignition and looked towards Vehicle 1. He saw several 
people exi t f rom Vehicle 2. A California Highway Patrol unit came to the scene 

after heari ng the crash, and talked to occupants of Vehicle 1 and then to Driver 2. 
He r adi oed for an ambulance and the Redwood City police who had jurisdiction. The 

police and the ambulance arrived. Driver 1 and the center front passenger were takeP 
to the hospital. Both vehicles were towed from the scene. 

The investigating officer recommended that a complaint be filed against Driver 1 

for failure to yield right of way, unsafe speed and open container (beer) in vehicle 
As of three weeks after the accident, the complaint had not been filed because of a m<", ,-. 
backlog of work at the police department. 

Causal Factors and Recommendations 

Matrix Element Diagram 

The following diagram defines the numbering system used in the matrix element 
descript i on. 

Human 

Vehicle 

Environmental 

Pre-Crash 

1 

4 

7 

Accident 

Avoidance 

Crash 

2 

5 

8 

Injury 

Prevention 

Post-Crash 

3 

6 

9 

Restoration 

and Cleanup 



Matrix Element Description 

Matrix Cell No. 
(* indicates positive factors) 

Accident Causation 

1 

7 

l* 

1 

Injury Causation 

2 

Recommendations 

7 

SRI 2-039 

Explanation 

Primary or Principal Cause 

Neither driver saw the other vehicle until too 
late. (definite) 

Severity Increasing Factors 

Residential intersection had no traffic control 
devices. (definite) 

Driver 1 applied brakes but was unable to stop in 
time. (definite) 

Relevant Condition 

Driver 2 made no avoidance maneuvers (definite) 

Vehicle 1 had no restraints. (definite) 

Intersection should be considered for some type of 
control, e.g., yield sign on one road, etc . 
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Identification 

Stanford Research Institute Multidisciplinary 
Accident Investigation Team Case SRI 2-040 

I CASE SUMMARY 

(Car/Car - Oblique Sideswipe) 

This accident occurred on Embarcadero Road at the intersection (but not 
intersection related) with Bryant Street, Palo Alto, California, intersection, 

residential, June 13, 1973, 1125 hrs., Wednesday, 2 cars - oblique sideswipe, IP 
(injury producing) Ais* 1. Eastbound Vehicle 1 swerved left to avoid a car in 

adjacent lane and continued into oncoming lane; westbound Vehicle 2 braked but was 
unable to avoid collision. Figure 1 is a plan view of the accident scene. 

Ambience 

Day, estimated 67°F and 48% humidity, dry pavement. 

Highway 

Embarcadero Road is a major arterial, 46' wide at accident site, four lanes, 
no median, asphaltic concrete surface, approximately 3' wide concrete, gutter and 
c?ncrete curbs on each edge, straight, construction on southside (4 ft wide portion 

of extreme right side of road torn up just before intersection with Bryant), 19 poles 
and t rees, 8 driveways and 3 streets on both sides of street in last 1/4 mile traveled 

by Vehicle 1 and 42 poles and trees, 13 driveways and 2 streets in last 1/4 mile 
traveled by Vehicle 2. Average daily traffic 20,000 vehicles both directions. 

Accident history: 1969, 8 (3 IP); 1970, 13 (0 IP); 1971, 8 (2 IP). (A third street 

intersected Embarcadero and Bryant before being blocked off in mid-1973; figures for 

all three included here.) 

Traffic Controls 

Speed limit 25 mph, opposing lanes separated by double yellow line, other lanes 

separated by broken white lines, solid green lines cross Bryant from curb to curb 
delinating bicycle lanes (bicycles allowed on sidewalks only), solid white limit 

lines on Bryant at stop signs, sawhorse construction barriers before southwest 

corner and northeast corner of intersections protecting broken pavement. 

* States, J.P., "The Abbreviated and Comprehensive Injury Scales," Proceedings of the 
Thirteenth Stapp Car Crash Conference, Society of Automotive Engineers, Inc. 
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Vehicles 

Vehicle 1, car, 1972 Oldsmobile Delta 88, 2- door, tan vin yl over b r own, hardtop, 

16, 667 miles on the odometer, California Highway Patrol inspection sticker expired 
12-31-72, power steering and brakes, padded dash, sunvisors and arm res ts, lap and 
uppe r torso and head restraints equipped, no known defects, routine maintenance 

performed on May 14, 1973, at 15,508 mi les. 

Damage: Moderate sideswipe damage from right front whee l to r ight rear wheel. 
* Ri ght door does not open fully. CDC 01-RYES-l. 

Vehicle 2, car, 1967 Volkswagen 2-door, red, sedan, 89,779 miles on odometer, 

Sta te of Indiana inspection sticker issued January 11, 1972 at 68,374 miles, no 
power accessories, padded sunvisors, lap restraints, no known defec t s, rou tine 

maintenance on March 21, 1973 at 86,711 miles. 

Damage: Front bumper and bumper guard bent, right front f ender t orn off, 
ri gh t f ront wheel bent, front suspension bent, windshield cracked by occupant contact, 

dents in lower dash. CDC 12-FREE-2. 

Occ upants 

Driver 1, 62-year-old male, 69-1 / 2", 170 lbs. , retired insurance claims 

ad juster, married, 51 years driving experience at 10,000 miles per year, trip plan 

wife's o ffic e at Stanford University to home (was visiting wi f e), total of 3 miles, 

departed 1115, no ETA, accident occurred 1-7/ 8 miles f rom origin, owned and driven 
vehicle 18 months, driven 16,667 mil es , drives accident route dai l y, no d r iver 

education, physical condition "brittle diabetic" (takes insulin daily, no problems 
d _a y of accident) and old back injury, mental condition "very relaxed," lap res traint 

used. 

Injuries: old back injury aggravated. AIS 0. 

Driver 2, 45 -year-o ld f emale, 66" , 125 lbs., dance t eacher, divorced , 29 yea r s 
driving experience at 12,000 miles per year, t rip plan home t o an office building 
to pick up books, tot al of 18-20 miles , d e parted 1100, ETA 1130, acciden t occ urred 

2 mi les from des t ination, owned and driven vehicle 5 years, driven 78,000 miles, 

drives acc ident route once a month, no driver education, physical condition wears 

glasses, mental cond ition good ( f riend visiting f or vacation), res traint not used. 

Injuries: bump left side of forehead, left arm sore, right thumb sprained, 
ri g ht knee bruises. AIS 1. 

Vr-hicle 2, right front passenger, 33-year-old fema le , 64", 110 lbs. , restraint 
not used. 

Injuries: lacerations left forehead, ri ght arm sore, left knee bruised . 
AI S 1. 

* Collision Deformation Classifica t ion, Society o f Automotive Engineers Tech n ical 
R<Jport J224a 

E-:252 



SRI 2-040 

Standards 

The following Highway Safety Prog ram Standard (HSPS) was specifically relevant 
to this case: 

HSPS 12. Highway Design, Construction and Maintenance: construction site was 
pro tected by sawhorse barrier but warning traffic cones should have been placed in 

road before site to warn motorists who do not look far enough down roadway. 

Description 

Pre-- Crash 

Vehicle 1 was eastbound in the fast lane at driver-estimated speed of 30 mph. 
Driver 1 noticed a vehicle to his right begin to come into his lane to avoid a 

sawhorse construction barrier. Driver 1 swerved to the left to avoid impact with 

the adjacent vehicle and lost control, braked leaving 38' of skids and continued 

into the opposing lanes. 

Vehicle 2 was westbound in the fast lane at driver estimated speed 25 mp h. 

Sne saw Vehicle 1 swerve and applied her brakes leaving 32' of skid. 

Crash 

The right front fender of Vehicle 1 contacted the right side of Vehicle 1, 

causing sideswipe type damage. The fender of Vehicle 1 was torn off. 

Upon impact, occupants of Vehicle 2 moved toward the right. Driver 2 hit her 

forehead on the mirror, her right knee on the underside of the dashboard, and probabl 
her right thumb on the windshield. Her left arm was sore, probably from holding the 

st"eering wheel. The right front passenger hit her left forehead on the windshield 
receiving a laceration, and her left knee on the underside of the dashboard. Her 

ri ght arm was sore, probably from bracing. 

Driver 1 does not recall hitting the interior of his vehicle. 

Speeds at impact were estimated to be 12 mph for Vehicle 2 and 18 mph for 
Vehicle 1. 

Post-Crash 

A third vehicle westbound in the slow lane braked leaving 18' of skids and 

stopped before impacting Vehicle 1 after the collision. Vehicle 2 occupants checked 

themselves and the dog in the rear seat but wanted to remain in the car for a while. 

Driver 1 released his lap restraint, checked the dog in his back seat and went over 
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to check Vehicle 2 occupants. Police were called. People living on corner invited 

Vehicle 2 occupants inside. Ambulance and then police arrived. Ambulance was 

dismissed, tow vehicle moved Vehicle 2 out of roadway. Driver 1 drove his vehicle 
away and people on corner took Vehicle 2 occupants to their destination and t hen to 
tow company where they rented a car and drove home. 

Causal Factors and Recommendations 

Matrix Element Diagram 

The following diagram defines the numbering system used in the matrix elemen t 

description. 

Pre-Crash Crash Post --Crash 

Human 1 2 3 

Vehicle 4 5 6 

Environmental 7 8 9 

Accident 

Avoidance 
Injury 

Prevention 
Restoration 

and Cleanup 

Matrix Element Description 

Matrix Cell No. 

(* indicates positive factor) 

Accident Causation 

1 

7 

1 

7 

Explanation 

Primary or Principal Cause 

Driver 1 swerved left to avoid vehicle cutting into 

his lane (definite) 

A phantom vehicle cut partly into Vehicle l's 
fast lane to avoid barricade (definite) 

Severity Increasing Factor 

Driver 1 overreacted to phantom vehicle ' s actions 
and lost control of his car (defin i te) 

Relevant Condition 

Sawhorse barricade 4' into street a t con s t ruc ti o n 
site with no traf f ic cone warnings (defini le) 
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Matrix Element Description (Cont i nued) 

Matrix Cell No. 
(* indicates positive factor) 

Injury Causation 

2 

Post-Crash Factor 

*9 

Recommendations 

7 

1 

Explanation 

Vehicle 2 occupants not wearing restraints (definite) 

Driver of another vehicle was able to stop before 
impacting Vehicle 1 after initial impact. 

Construction site barricades should have warning 
cones placed down the road from them 

Drivers should be taught to look ahead on the road 
for hazards far enough in advance to take appropriat e 
measures 

E-255 



M • N 
V, 

"' 

GREEN BIKE LINE 

SIDEWALK 

CURB 

El EMBARCADERO RD 
BROKEN WH ITE LINE 

E2 

DOUBLE YELLOW LINE 

SKID MARKS 
<".,,,,,,.,,.,,.,,,,.,,,,,r,. 2 ~ I I) /_,, ;-:-::-:-:,~;:\ ''''' 

-- ------------------------ '-I • • ~~,,, ' ----

,I, BARR IE R 

======7"J'('.j W. FLASHER 
EXCAVATION 

SIDEWALK 

SRI 2 040 

ROAD CHARACTERISTICS 

GRADE NEGLIGIBLE 

SUPERlL[\/ATiOI, r,lGLIGIBLE 

CROWN SLIGHT 

-- ., ,,,,.,,,,,:,;,: :.1: ' 
;,;,,:..,,..,,,. 

POR 

TELEPHONE Q 
POLE 

0 5 

LLwJ 

BIKE RAMP 

10 

SCALE f\J FEU 

,,,• 

,,,,,,· \ ~~----------------••'' 

,,- ~ 

SKID MARKS 

g 
N 

SIDEWALK 

0 
CU RB 

- 1l1BAR R1ER 
,,.,~ ,..--------, 

\ " PHANTOM I 
\ \cl VEHICLE I 

r-______ :; .... ---- - - ..1 

1• · I r.~---------~ 
,._ ______ __. I ' I ~------J 

12' 

j 
11' 

I 
W2 11· 

BROKE~ \·;,, TE Ll'JE 

w, -t 
12' 

CURB 

GREEN BIKE LINE 

BIKE RAMP SIDEWALK 

WH ITE STOP LINE 

STOP SIG!\/ 

~ ;I.. 
~ 
~ 

FIGURE 1 COLLISION DIAGRAM 


	scan_04302026_093508900.pdf
	scan_04302026_093711084.pdf



